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Abstract

Purpose of review—To summarize recent data related to the safety and efficacy of 

postoperative analgesia in children that influence clinical practice recommendations.

Recent findings—Postoperative pain continues to be experienced by hospitalized children and 

following discharge after short stay or ambulatory surgery. Updated recommendations for post-

tonsillectomy analgesia exclude codeine and suggest regular administration of paracetamol and 

NSAID, but evidence for the most appropriate dose and type of opioid for rescue analgesia is 

limited. The incidence of opioid-related respiratory depression/over-sedation in hospitalized 

children ranges from 0.11-0.41%, with recent large series identifying high risk groups and 

contributory factors that can be targeted to minimize the risk of serious or permanent harm. Data 

demonstrating feasibility and safety of regional analgesic techniques is increasing, but additional 

and procedure-specific evidence would improve technique selection and inform discussions of 

efficacy and safety with patients and families/carers. Persistent postsurgical pain is increasingly 

recognized following major surgery in adolescents. Evaluation of potential predictive factors in 

clinical studies, and investigation of underlying mechanisms in laboratory studies, can identify 

targets for both pharmacological and non-pharmacological interventions.

Summary—Recommendations for postoperative pain in children continue to evolve, with data 

incorporated from randomized controlled trials, case series and large audits. Management of pain 

following surgery in children needs to encompass not only efficacy and safety in the immediate 

perioperative period, but also consider pain following discharge after ambulatory surgery, and the 

potential risk of persistent postsurgical pain following major surgery.

Keywords

pain; children; postoperative; analgesia; opioid

Correspondence to: Dr Suellen M Walker Reader and Honorary Consultant in Paediatric 

Anaesthesia and Pain Medicine, Pain Research: Respiratory, Critical Care and Anaesthesia 

Level 4, Wellcome Trust Building UCL Institute of Child Health 30 Guilford St London 

WC1N 1EH United Kingdom Tel: +44 (0)20 7905 2382 suellen.walker@ucl.ac.uk

INTRODUCTION

Advances in perioperative care of children continue to be made with increasing evidence-

based practice for postoperative analgesia. However, moderate to severe pain is still 
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experienced by up to 40% of hospitalized children [1], and specific high risk populations or 

types of surgery continue to present challenges. A Medline Search of publications related to 

postoperative pain and analgesia in children since January 2014 identified current 

controversies and topics with implications for clinical recommendations. The following were 

chosen for inclusion in this review : pain at home; opioid-related adverse events; evidence 

for safety and efficacy of regional anesthesia; and persistent postsurgical pain in children 

and adolescents.

PAIN AT HOME

Pain at home following outpatient or short stay surgery is common and can persist for days 

to weeks, with associated behavioral disturbance and increased time away from school [2]. 

The complexity of improving pain following hospital discharge is highlighted in recent 

reviews, with contributory barriers including: parental factors (e.g. a tendency to under-dose 

or provide suboptimal analgesia despite pain, often due to fear of medication side-effects); 

child factors (e.g. difficulty swallowing, anxiety); medication factors (e.g. incorrect type or 

dosing); and system factors (e.g. inadequate information). As a result, potential interventions 

and strategies for improvement need to encompass education and information, regular use of 

appropriate pain assessment tools, and a better analgesic regimen [2,3]. In addition to pain, 

the impact of child and parental anxiety should be considered. Wed-based parental and 

children preoperative preparation strategies that address patient anxiety and parental coping 

are being validated and may improve access to appropriate educational materials and 

interventions [4,5].

Tonsillectomy and codeine

Pain after tonsillectomy is a specific concern, both in terms of the degree and duration of 

pain following discharge, and the limited evidence to support safe and effective management 

with opioids. Improvements in analgesia are required, while minimizing the risk of PONV, 

bleeding, and respiratory depression, particularly in patients with obstructive sleep apnea 

[2,6-8]. Multiple regulatory authorities warn against using codeine in children, and contra-

indicate use following tonsillectomy for obstructive sleep apnea, including the US Food and 

Drug Administration (http://www.fda.gov/Drugs/DrugSafety/ucm339112.htm), UK 

Medicines and Healthcare Products Regulatory Agency (https://www.gov.uk/drug-safety-

update/codeine-for-analgesia-restricted-use-in-children-because-of-reports-of-morphine-

toxicity), European Medicines Agency (http://www.ema.europa.eu/ema/index.jsp?

curl=pages/medicines/human/referrals/Codeine-containing_medicines/

human_referral_prac_000008.jsp&mid=WC0b01ac05805c516f) and the Australian 

Therapeutic Goods Administration (https://www.tga.gov.au/publication-issue/medicines-

safety-update-volume-5-number-2-april-2014#codeine). A program of education and 

changing ordersets (e.g. substituting codeine with paracetamol/ibuprofen or oxycodone, 

using lower doses of oxycodone or oral morphine) effectively reduced in-hospital codeine 

use prior to its removal from a pediatric hospital formulary [9]. Although avoiding codeine 

may reduce risk for some, improved recognition of high risk cases, provision of adequate 

analgesia with appropriate dose adjustment, and adequate monitoring and duration of 

hospitalization remain priorities for the care of patients with OSA [7]. Within the constraints 
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of the limited evidence for efficacy and safety of alternative preparations, updated practice 

recommendations have been developed [8,10].

Multimodal analgesia

The lack of analgesic efficacy of codeine following adenotonsillectomy has long been an 

impetus to develop alternative analgesic regimens [11]. Regular dosing of paracetamol and 

NSAIDs with limited rescue use of alternative opioids has been suggested, but further 

research is required to establish the most appropriate dose and type of opioid [8,10]. Adding 

NSAIDs and/or paracetamol (with an appropriate dose and route) reduces post-operative 

opioid requirements by 30%-40% [12,13]. Following adenotonsillectomy, current clinical 

recommendations for combination therapy with NSAID and paracetamol [8,14] are 

supported by recent reports of analgesic efficacy [15,16], and reductions in opioid 

requirements and PONV can be achieved without increasing adverse events [17-19]. 

Importantly, combining paracetamol and NSAID (diclofenac) achieves similar analgesia 

with lower doses than required if either drug is administered alone [20].

OPIOID-RELATED ADVERSE EVENTS

Adverse drug reactions are common in hospitalized children, with incidences around 17% 

reported in large prospective observational studies [6]. Drugs for postoperative pain 

management, particularly opioids, are major contributors, however this is also influenced by 

the relative proportion of surgical inpatients and inclusion of reactions across a range of 

severities. Pruritis and postoperative nausea and vomiting were most common and it was 

acknowledged that these reporting is more likely when patients are being specifically 

monitored for side effects and followed up by specialist pain management teams [6]. The 

incidence of critical incidents during opioid infusions was 1.7% (58 in 3500 infusions) in a 

large pediatric centre [21]. Consistent with other series [22-24], drug administration or 

prescription errors and pump malfunction were the most common adverse events, with many 

‘near misses’ detected before harm.

The reported incidence of opioid-related respiratory depression/over-sedation in hospitalized 

children ranges from 0.11-0.41% [21-24]. Early recognition, respiratory support and 

naloxone administration significantly minimizes the risk of permanent harm [6,23]. Patients 

at increased risk include: respiratory, hepatic and neurological comorbidites; age under one 

year; preterm birth; extremes of weight (underweight or obese); ENT surgery; and co-

administration of other sedative/depressant drugs. A higher rate of adverse events was found 

in patients not managed by an Acute Pain Service [21,24]. Root cause analysis of 14 severe 

incidents (including 9 cases of respiratory depression/over-sedation) identified 

communication, training, environment/equipment, or policies and procedures as contributory 

factors [21]. Minimising the risk of opioid-related adverse events should not be achieved at 

the expense of adequate analgesia. In fact, inadequate analgesia was felt to contribute to 

opioid-related adverse events in cases where excessive bolus doses were subsequently given 

to try and control pain [21]. The importance or standardized protocols, regular monitoring, 

education and communication between health care teams to ensure safe and effective use of 

opioids has again been emphasized [21,24]. Given the wide inter-individual variability in 
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morphine concentration-response, that can be influenced by pharmacokinetic, 

pharmacodynamic and pharmacogenomic factors [25], titration against individual response 

remains essential in clinical care.

REGIONAL ANALGESIA

Regional anesthesia continues to be an important component of peri-operative care and 

analgesia for pediatric patients. Although large series demonstrate low complication rates 

following pediatric regional anesthesia [26], recent systematic reviews and large series 

highlight the need for additional high quality evidence for efficacy of both peripheral [27,28] 

and neuraxial [29,30] techniques. Current conclusions of systematic reviews are limited by 

the small number of randomized controlled trials (RCTs), relatively poor methodological 

quality, and significant heterogeneity and variability in design, outcome measures, 

interventions and treatment types [27-29]. There is a need for both procedure-specific 

evidence [30] as developed for adult populations [31], in addition to age-specific 

information [29] as outcomes (e.g. sensitivity and type of pain assessment tool, analgesic 

dose requirements) are influenced by age and developmental stage.

Epidural analgesia

A database review of perioperative epidural analgesia cases (n=830) reported low mean pain 

scores, but with wide variability across the range of ages and surgeries included [30]. Higher 

pain scores were found in older children, which may reflect differences in the sensitivity of 

pain assessment and/or the types of surgery performed. Children undergoing spine surgery 

with an epidural placed by the surgeon at the end of the case, had higher pain scores than 

those undergoing abdominal or extremity surgery, and many patients required on demand 

systemic opioid in addition to regional local anesthetic techniques [30]. Thoracic surgery for 

pectus deformity similarly produces severe post-operative pain. In a systematic review of 3 

RCTs and 3 retrospective cohorts, pain scores were lower following pectus correction with 

epidural compared to PCA, but the degree of difference was modest and only seen at some 

time points [29]. In a retrospective series of children undergoing major tumour resection 

(majority neuroblastoma, n=40-44 per group), epidural analgesia lowered pain scores 

compared to a historical non-epidural group, but differences were not significant in this 

small uncontrolled study. However, effective epidural analgesia was also felt to reduce 

distress and improve satisfaction in these children who have often already undergone 

multiple treatments, experienced side-effects of oncology treatment such as mucositis, and 

may have significant previous exposure to opoids [32].

Additional procedure-specific evidence for epidural analgesia would improve technique 

selection and inform discussions of efficacy and safety with patients and families/carers 

[29]. Patient preference and institutional resources, particularly success rates and the ability 

to titrate and monitor thoracic epidurals, will also continue to influence choices between 

regional and systemic analgesia.
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Peripheral regional blocks

Use and feasibility of different regional local anesthetic blocks for perioperative analgesia 

continues to expand, with data from the Pediatric Regional Anesthesia Network (PRAN) 

providing safety information. Transversus abdominis plane (TAP) blocks (n=1994, age 2-14 

years) were associated with 2 minor complications (vascular aspiration before local 

anesthetic injection and a peritoneal puncture) without sequelae. However, significant 

variability was noted in the dose of local anesthetic administered (almost 5-fold and not 

solely explained by patient weight), and 6.9% of children received greater than 

recommended doses of 2mg/kg bupivacaine [33]. No significant adverse effects were 

reported following placement of interscalene blocks in anesthetized (n=390) or awake 

(n=123) children, although the majority were performed in older children (88% 10-18 years) 

and the sample size is still relatively small for detecting rare events [34]. Ambulatory 

peripheral nerve block infusions were reported to be feasible (n=403, age 5-22 years), with 

low pain scores and high satisfaction in the majority [35]. However, the failure rate of 6.9% 

and complication rate of 14.4% (particularly leaking and catheter dislodgement) suggest 

further technical refinement is required.

Once feasibility and safety of these techniques has been demonstrated, there is a need for 

RCTs to confirm efficacy [28]. A systematic review of randomized trials (73 studies, n=5125 

pediatric patients) evaluating perioperative peripheral local anesthetic blocks reported 

limited impact on pain score (at 4 and 24 hours) or cumulative opioid consumption [28]. 

Comparisons were often between different techniques or solutions, rather than ‘pure’ block 

versus no block, and none included a ‘sham block’. Limitations in both the quantity and 

quality of current evidence in pediatric populations was noted, with variability in study 

design, type of surgery, and outcomes, influencing the strength of the conclusions [28].

PERSISTENT POST-SURGICAL PAIN

Anesthesiologists are increasingly evaluating the impact of perioperative care on long-term 

patient outcomes. In pediatric practice, potential adverse effects of anesthesia on the 

developing brain are an important area for ongoing research [36], and there is also evidence 

that early life pain and surgery can produce long-term changes in sensory processing and 

future pain response [37]. At all ages, effective analgesic management needs to extend 

beyond the immediate perioperative period, to also consider pain at home following 

discharge (as discussed above) and the potential for more persistent postsurgical pain 

(PPSP). The severity and functional impact of PPSP varies, but can require management in a 

chronic pain clinic [38]. As the intensity of acute postoperative pain is a risk factor for the 

transition from acute to persistent post-surgical pain in both adults [39,40] and children 

[41,42], recognition of at-risk populations and potential preventive strategies is also relevant 

to acute peri-operative care.

Prevalence of PPSP

Retrospective cross-sectional questionnaires report variable and relatively low rates of PPSP 

in children [43,44], but can be influenced by both selection and recall bias. Three to 18 

months following surgery (predominantly major orthopedic), 13.3% reported current pain 
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related to the surgery site in a phone interview (n=113; mean age 12.4 years) [45]. In a 

retrospective questionnaire sample with a 59% response rate, 2 of 51 children (median age 9 

years) recalled pain that persisted for months and only one had current pain when assessed 

2-4 years following lateral thoracotomy [46]. In a prospectively enrolled database of spinal 

surgery for adolescent idiopathic scoliosis (n=584, mean age 14 years), 11% reported pain at 

some time between 2 weeks and 2 years postoperatively. In the 6 to 24 month period, 7% 

reported pain with no obvious cause and over half of these were referred for further 

investigations, physical therapy or pain clinic review [47].

More detailed data is now available from prospective studies that assess the site and severity 

of pain, follow the trajectory of symptoms at multiple time points, and aim to identify 

predictive factors. Following major orthopaedic or general surgery (n=83, mean age 14yrs), 

22% reported moderate-severe pain at 1 year. Children reporting pain (≥3 out of 10) two 

weeks following surgery had an increased relative risk of pain at 6 months (RR 3.3 95% CI 

1.2-9) and at 12 months (RR 2.5 95%CI 0.9-7.5) [41]. Following spinal surgery for 

idiopathic scoliosis, the incidence of persistent pain was 22% at 6 months (n=50, mean age 

at surgery 14.5 years) [42], and 11-15% at 1 to 5 years (n=190, mean age at surgery 14 

years) [48]. Many adolescents (35%) have moderate-severe pain prior to scoliosis surgery, 

but different trajectories were identified across the 2 to 5 year post-operative follow-up 

period: no significant pain pre- or post-operatively (12%); preoperative pain with 

improvement to mild/no pain (54%); short-term pain with higher levels at 1 year but 

subsequent improvement (18%); delayed pain with increases at 2 and 5 years (11%); and 

high pain preoperatively that despite initial improvement increases and remains severe at 2 

and 5 years (6%) [48]. These patterns emphasize the importance of both perioperative 

preventive interventions and ongoing review, with referral for specialist pain management if 

pain becomes problematic at later time points.

Predictive factors for PPSP

Higher baseline preoperative pain, but not the degree of scoliosis or surgical factors were 

predictive of subsequent pain [42,48]. Reported associations between psychological 

measures and PPSP may offer a target for future interventions. Increased anxiety predicted 

acute impairment in quality of life but not pain in the 2 weeks following major thoracospinal 

surgery [49], but was a predictive factor for persistent pain at 6 to 12 months [41,42]. 

General measures of mood [42] or mental health function [48] did not predict subsequent 

pain. Parental responses and attitudes also need to be considered [50]. Higher 

catastrophizing by parents (i.e. thoughts and beliefs that an event or situation is worse than it 

is) was associated with increased child pain at 2 weeks [49] and persistent pain at 12 months 

[50]. Parental catastrophizing also influences both the child and parent memories of pain 

following major orthopedic or general surgery [51], thus highlighting a source of recall bias 

that can influence retrospective evaluation. In several series, the majority of subjects 

undergoing surgery were female (72% - 82%) [42,47,48], but larger samples are required to 

assess the specific impact of sex/gender on PPSP.
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Mechanisms of PPSP

There is a need to identify both predictive factors and the underlying mechanisms of PPSP to 

more specifically target high risk groups with the most effective preventive strategies 

[39,52]. Repeated perioperative doses of gabapentin [53], but not a single preoperative dose 

[54], reduced opioid requirements following spinal fusion for idiopathic scoliosis, but 

potential effects on PPSP require further evaluation. Recent laboratory studies demonstrate 

long-term changes in nociceptive pathways following neonatal surgical injury in the rat, with 

alterations in descending modulation [55], and increases in the degree and duration of 

hyperalgesia when repeat surgery is performed in later life [56]. Analgesic interventions at 

the time of initial surgery that prevent long-term changes [55] or specifically target 

mechanisms underlying persistent post-incision hyperalgesia [56] may inform future clinical 

trials.

CONCLUSION

Evidence to guide safe and effective management of postoperative pain in children is 

increasing. Translation into improved clinical care requires implementation of evidence-

based recommendations and quality improvement strategies. Provision of care is 

increasingly extending beyond the immediate perioperative period to also include pain 

following discharge, and potential preventive strategies for persistent postsurgical pain.

Acknowledgements

None.

Financial support and sponsorship

Suellen Walker receives research funding from the Medical Research Council UK (Project Grant MR/K022636/1) 
and is also supported by the Great Ormond Street Hospital Children’s Charity, London, UK.

REFERENCES AND RECOMMENDED READING

1. Kozlowski LJ, Kost-Byerly S, Colantuoni E, Thompson CB, Vasquenza KJ, Rothman SK, Billett C, 
White ED, Yaster M, Monitto CL. Pain prevalence, intensity, assessment and management in a 
hospitalized pediatric population. Pain Manag Nurs. 2014; 15:22–35. [PubMed: 24602421] 

* 2. Dorkham MC, Chalkiadis GA, von Ungern Sternberg BS, Davidson AJ. Effective postoperative 
pain management in children after ambulatory surgery, with a focus on tonsillectomy: barriers 
and possible solutions. Paediatr Anaesth. 2014; 24:239–248. [PubMed: 24330523] Addresses 
current evidence and potential startegies to improve pain following discharge.

3. Jenkins BN, Fortier MA. Developmental and cultural perspectives on children's postoperative pain 
management at home. Pain Manag. 2014; 4:407–412. [PubMed: 25494692] 

* 4. Fortier MA, Kain ZN. Treating perioperative anxiety and pain in children: a tailored and 
innovative approach. Paediatr Anaesth. 2015; 25:27–35. [PubMed: 25266082] Methods to 
imporve management of perioperative anxiety, with novel strategies for child and parent 
preparation as further detialed in Ref. 5.

5. Fortier MA, Bunzli E, Walthall J, Olshansky E, Saadat H, Santistevan R, Mayes L, Kain ZN. Web-
Based Tailored Intervention for Preparation of Parents and Children for Outpatient Surgery 
(WebTIPS): Formative Evaluation and Randomized Controlled Trial. Anesth Analg. 2015; 120:915–
922. [PubMed: 25790213] 

* 6. Smyth, RL.; Peak, M.; Turner, MA.; Nunn, AJ.; Williamson, PR.; Young, B.; Arnott, J.; Bellis, 
JR.; Bird, KA.; Bracken, LE., et al. ADRIC: Adverse Drug Reactions In Children - a programme 

Walker Page 7

Curr Opin Anaesthesiol. Author manuscript; available in PMC 2016 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



of research using mixed methods. Queen's Printer and Controller of HMSO; Southampton UK: 
2014. http://www.journalslibrary.nihr.ac.uk/__data/assets/pdf_file/0013/121414/FullReport-
pgfar02030.pdf [accessed 1-3-2015]Large database and prospective evaluations documenting 
adverse drug reactions in children, including perioperative analgesics.

7. Cote CJ. Anesthesiological considerations for children with obstructive sleep apnea. Curr Opin 
Anaesthesiol. 2015 Epub Mar 30. 

* * 8. Lauder G, Emmott A. Confronting the challenges of effective pain management in children 
following tonsillectomy. Int J Pediatr Otorhinolaryngol. 2014; 78:1813–1827. [PubMed: 
25241379] This comprehensive and excellent review summarizes current data regarding issues 
relevant to post-tonsillectomy analgesia, pharmacology of opioids, and provides 
recommendations for a mulitmodal approach to manage pain and PONV following tonsillectomy 
without increasing the risk of bleeding.

* 9. Jerome J, Solodiuk JC, Sethna N, McHale J, Berde C. A single institution's effort to translate 
codeine knowledge into specific clinical practice. J Pain Symptom Manage. 2014; 48:119–126. 
[PubMed: 24210703] This paper outlines strategies employed at Boston Children’s Hospital to 
alter prescribing patterns and practice following alerts regarding codeine use.

10. Yellon RF, Kenna MA, Cladis FP, McGhee W, Davis PJ. What is the best non-codeine 
postadenotonsillectomy pain management for children? Laryngoscope. 2014; 124:1737–1738. 
[PubMed: 24867607] 

11. Williams DG, Patel A, Howard RF. Pharmacogenetics of codeine metabolism in an urban 
population of children and its implications for analgesic reliability. Br J Anaesth. 2002; 89:839–
845. [PubMed: 12453926] 

12. Michelet D, Andreu-Gallien J, Bensalah T, Hilly J, Wood C, Nivoche Y, Mantz J, Dahmani S. A 
meta-analysis of the use of nonsteroidal antiinflammatory drugs for pediatric postoperative pain. 
Anesth Analg. 2012; 114:393–406. [PubMed: 22104069] 

13. Wong I, St John-Green C, Walker SM. Opioid-sparing effects of perioperative paracetamol and 
nonsteroidal anti-inflammatory drugs (NSAIDs) in children. Paediatr Anaesth. 2013; 23:475–495. 
[PubMed: 23570544] 

14. Association of Paediatric Anaesthetists of Great Britain and Ireleand. Good practice in 
postoperative and procedural pain management, 2nd edition. Paediatr Anaesth. 2012; 22(Suppl 1):
1–79. [PubMed: 22817132] 

15. Kelly LE, Sommer DD, Ramakrishna J, Hoffbauer S, Arbab-Tafti S, Reid D, Maclean J, Koren G. 
Morphine or Ibuprofen for post-tonsillectomy analgesia: a randomized trial. Pediatrics. 2015; 
135:307–313. [PubMed: 25624387] 

16. Bedwell JR, Pierce M, Levy M, Shah RK. Ibuprofen with acetaminophen for postoperative pain 
control following tonsillectomy does not increase emergency department utilization. Otolaryngol 
Head Neck Surg. 2014; 151:963–966. [PubMed: 25205639] 

* * 17. Chan DK, Parikh SR. Perioperative ketorolac increases post-tonsillectomy hemorrhage in 
adults but not children. Laryngoscope. 2014; 124:1789–1793. [PubMed: 24338331] 

* * 18. Riggin L, Ramakrishna J, Sommer DD, Koren G. A 2013 updated systematic review & meta-
analysis of 36 randomized controlled trials; no apparent effects of non steroidal anti-
inflammatory agents on the risk of bleeding after tonsillectomy. Clin Otolaryngol. 2013; 38:115–
129. [PubMed: 23448586] 

* * 19. Lewis SR, Nicholson A, Cardwell ME, Siviter G, Smith AF. Nonsteroidal anti-inflammatory 
drugs and perioperative bleeding in paediatric tonsillectomy. Cochrane Database Syst Rev. 2013; 
7:CD003591. [PubMed: 23881651] These 3 meta-analyses (Ref 17, 18 and 19) conclude there is 
no evidence that NSAIDs significantly increase the risk of bleeding following tonsillectomy in 
children.

* 20. Hannam JA, Anderson BJ, Mahadevan M, Holford NH. Postoperative analgesia using diclofenac 
and acetaminophen in children. Paediatr Anaesth. 2014; 24:953–961. [PubMed: 24815417] The 
benefits of combining diclofenac and acetaminophen are demonstrated in this analysis.

* 21. West N, Nilforushan V, Stinson J, Ansermino JM, Lauder G. Critical incidents related to opioid 
infusions in children: a five-year review and analysis. Can J Anaesth. 2014; 61:312–321. 
[PubMed: 24442987] An additional large series reporting opioid-related adverse events 

Walker Page 8

Curr Opin Anaesthesiol. Author manuscript; available in PMC 2016 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://www.journalslibrary.nihr.ac.uk/__data/assets/pdf_file/0013/121414/FullReport-pgfar02030.pdf
http://www.journalslibrary.nihr.ac.uk/__data/assets/pdf_file/0013/121414/FullReport-pgfar02030.pdf


associated with opioid infusions in hospitalised children in Canada, that builds on UK data 
reported in Ref 22 and 23.

22. Howard RF, Lloyd-Thomas A, Thomas M, Williams DG, Saul R, Bruce E, Peters J. Nurse-
controlled analgesia (NCA) following major surgery in 10,000 patients in a children's hospital. 
Paediatr Anaesth. 2010; 20:126–134. [PubMed: 20078810] 

23. Morton NS, Errera A. APA national audit of pediatric opioid infusions. Paediatr Anaesth. 2010; 
20:119–125. [PubMed: 19889193] 

24. Chidambaran V, Olbrecht V, Hossain M, Sadhasivam S, Rose J, Meyer MJ. Risk predictors of 
opioid-induced critical respiratory events in children: naloxone use as a quality measure of opioid 
safety. Pain Med. 2014; 15:2139–2149. [PubMed: 25319840] 

* 25. Anderson BJ, van den Anker J. Why is there no morphine concentration-response curve for acute 
pain? Paediatr Anaesth. 2014; 24:233–238. [PubMed: 24467568] This article highlights factors 
associated with variability in opioid requirements in children that are important for dose and 
method of administration in clinical practice.

26. Walker SM, Yaksh TL. Neuraxial analgesia in neonates and infants: a review of clinical and 
preclinical strategies for the development of safety and efficacy data. Anesth Analg. 2012; 
115:638–662. [PubMed: 22798528] 

* * 27. Parekh S, Gardener C, Ashley PF, Walsh T. Intraoperative local anaesthesia for reduction of 
postoperative pain following general anaesthesia for dental treatment in children and adolescents. 
Cochrane Database Syst Rev. 2014; 12:CD009742. [PubMed: 25532729] This Cochrane review 
evaluated 14 trials with 1152 participants aged 2 to 40 years, and highlighted factors that limit 
meta-analyses of studies investigating local anesthetic techniques (differences in technique, dose 
and volume of local anesthetic administration; variation in outcome measures; use of 
supplementary analgesia; difficulty adequately blinding participants and assessors; and different 
surgical procedures).

* * 28. Suresh S, Schaldenbrand K, Wallis B, De Oliveira GS Jr. Regional anaesthesia to improve pain 
outcomes in paediatric surgical patients: a qualitative systematic review of randomized controlled 
trials. Br J Anaesth. 2014; 113:375–390. [PubMed: 24907283] This comprehensive systematic 
review includes detailed evaluations of 73 RCTs utilising a range of peripheral regional blocks, 
and groups studies by surgical procedure. While noting the safety of regional techniques (no 
significant morbidity in more than 5000 patients examined), the authors also highlight the need 
for further evidence and factors to improve study design.

* 29. Stroud AM, Tulanont DD, Coates TE, Goodney PP, Croitoru DP. Epidural analgesia versus 
intravenous patient-controlled analgesia following minimally invasive pectus excavatum repair: a 
systematic review and meta-analysis. J Pediatr Surg. 2014; 49:798–806. [PubMed: 24851774] 
Pectus excavatum surgery is associated with significant postoperative pain, and this review 
reports evidence for regional versus systemic analgesia.

* 30. Schnabel A, Thyssen NM, Goeters C, Zheng H, Zahn PK, Van Aken H, Pogatzki-Zahn EM. Age- 
and Procedure-Specific Differences of Epidural Analgesia in Children-A Database Analysis. Pain 
Med. 2015; 16:544–553. [PubMed: 25599577] This data from a single centre database highlights 
the need for procedure-specific evaluation of the benefits of regional analgesia in pediatric 
studies, analagous to that reported for adults in Ref. 31.

31. Kehlet H, Wilkinson RC, Fischer HB, Camu F, Prospect Working G. PROSPECT: evidence-based, 
procedure-specific postoperative pain management. Best Pract Res Clin Anaesthesiol. 2007; 
21:149–159. [PubMed: 17489225] 

32. Warmann SW, Lang S, Fideler F, Blumenstock G, Schlisio B, Kumpf M, Ebinger M, Seitz G, 
Fuchs J. Perioperative epidural analgesia in children undergoing major abdominal tumor surgery--
a single center experience. J Pediatr Surg. 2014; 49:551–555. [PubMed: 24726111] 

33. Long JB, Birmingham PK, De Oliveira GS Jr. Schaldenbrand KM, Suresh S. Transversus 
abdominis plane block in children: a multicenter safety analysis of 1994 cases from the PRAN 
(Pediatric Regional Anesthesia Network) database. Anesth Analg. 2014; 119:395–399. [PubMed: 
24918899] 

34. Taenzer A, Walker BJ, Bosenberg AT, Krane EJ, Martin LD, Polaner DM, Wolf C, Suresh S. 
Interscalene brachial plexus blocks under general anesthesia in children: is this safe practice?: A 

Walker Page 9

Curr Opin Anaesthesiol. Author manuscript; available in PMC 2016 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



report from the Pediatric Regional Anesthesia Network (PRAN). Reg Anesth Pain Med. 2014; 
39:502–505. [PubMed: 25304482] 

35. Visoiu M, Joy LN, Grudziak JS, Chelly JE. The effectiveness of ambulatory continuous peripheral 
nerve blocks for postoperative pain management in children and adolescents. Paediatr Anaesth. 
2014; 24:1141–1148. [PubMed: 25176318] 

36. Davidson AJ, Becke K, de Graaff J, Giribaldi G, Habre W, Hansen T, Hunt RW, Ing C, Loepke A, 
McCann ME, et al. Anesthesia and the developing brain: a way forward for clinical research. 
Paediatr Anaesth. 2015; 25:447–452. [PubMed: 25818094] 

37. Walker SM. Biological and neurodevelopmental implications of neonatal pain. Clin Perinatol. 
2013; 40:471–491. [PubMed: 23972752] 

38. Kachko L, Ben Ami S, Lieberman A, Shor R, Tzeitlin E, Efrat R. Neuropathic pain other than 
CRPS in children and adolescents: incidence, referral, clinical characteristics, management, and 
clinical outcomes. Paediatr Anaesth. 2014; 24:608–613. [PubMed: 24612208] 

39. Katz J, Seltzer Z. Transition from acute to chronic postsurgical pain: risk factors and protective 
factors. Expert Rev Neurother. 2009; 9:723–744. [PubMed: 19402781] 

40. Werner MU, Kongsgaard UE. I. Defining persistent post-surgical pain: is an update required? Br J 
Anaesth. 2014; 113:1–4. [PubMed: 24554546] 

* 41. Page MG, Stinson J, Campbell F, Isaac L, Katz J. Identification of pain-related psychological risk 
factors for the development and maintenance of pediatric chronic postsurgical pain. J Pain Res. 
2013; 6:167–180. [PubMed: 23503375] 

* 42. Connelly M, Fulmer RD, Prohaska J, Anson L, Dryer L, Thomas V, Ariagno JE, Price N, 
Schwend R. Predictors of postoperative pain trajectories in adolescent idiopathic scoliosis. Spine 
(Phila Pa 1976). 2014; 39:E174–181. [PubMed: 24173016] The results reported in Reference 41 
and 42 (and Ref 48) document significant incidence of persistent post-surgical pain in children 
and adolescents.

43. Aasvang EK, Kehlet H. Chronic pain after childhood groin hernia repair. J Pediatr Surg. 2007; 
42:1403–1408. [PubMed: 17706504] 

44. Kristensen AD, Pedersen TA, Hjortdal VE, Jensen TS, Nikolajsen L. Chronic pain in adults after 
thoracotomy in childhood or youth. Br J Anaesth. 2010; 104:75–79. [PubMed: 19915188] 

45. Fortier MA, Chou J, Maurer EL, Kain ZN. Acute to chronic postoperative pain in children: 
preliminary findings. J Pediatr Surg. 2011; 46:1700–1705. [PubMed: 21929977] 

46. Chou J, Chan CW, Chalkiadis GA. Post-thoracotomy pain in children and adolescence: a 
retrospective cross-sectional study. Pain Med. 2014; 15:452–459. [PubMed: 24745079] 

47. Bastrom TP, Marks MC, Yaszay B, Newton PO, Harms Study G. Prevalence of postoperative pain 
in adolescent idiopathic scoliosis and the association with preoperative pain. Spine (Phila Pa 
1976). 2013; 38:1848–1852. [PubMed: 23883827] 

* * 48. Sieberg CB, Simons LE, Edelstein MR, DeAngelis MR, Pielech M, Sethna N, Hresko MT. Pain 
prevalence and trajectories following pediatric spinal fusion surgery. J Pain. 2013; 14:1694–1702. 
[PubMed: 24290449] This large prospective study assessed adolescents at repeated time points 
for 2-5 years following idiopathic scoliosis. It not only shows a high incidence of persistent post-
surgical pain, but also groups patients by different trajectories that can improve early recognition 
and intervention.

* 49. Rabbitts JA, Groenewald CB, Tai GG, Palermo TM. Presurgical psychosocial predictors of acute 
postsurgical pain and quality of life in children undergoing major surgery. J Pain. 2015; 16:226–
234. [PubMed: 25540939] 

* 50. Page MG, Campbell F, Isaac L, Stinson J, Katz J. Parental risk factors for the development of 
pediatric acute and chronic postsurgical pain: a longitudinal study. J Pain Res. 2013; 6:727–741. 
[PubMed: 24109194] 

* * 51. Noel M, Rabbitts JA, Tai GG, Palermo TM. Remembering Pain after Surgery: A Longitudinal 
Examination of the Role of Pain Catastrophizing in Children's and Parents' Recall. Pain. 2015; 
156:800–808. [PubMed: 25630028] This study (in conjunction with Ref 49 and 50) identifies 
predictors of persistent pain following major surgery and is important for including extensive 
evaluation of pain and psychological factors prior to surgery, assessing predictors of persistent 

Walker Page 10

Curr Opin Anaesthesiol. Author manuscript; available in PMC 2016 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



pain that may be targeted by non-pharmacological interventions, and highlighting the potential 
recall bias in retrospective evaluations.

52. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and prevention. Lancet. 
2006; 367:1618–1625. [PubMed: 16698416] 

53. Rusy LM, Hainsworth KR, Nelson TJ, Czarnecki ML, Tassone JC, Thometz JG, Lyon RM, Berens 
RJ, Weisman SJ. Gabapentin use in pediatric spinal fusion patients: a randomized, double-blind, 
controlled trial. Anesth Analg. 2010; 110:1393–1398. [PubMed: 20418301] 

54. Mayell A, Srinivasan I, Campbell F, Peliowski A. Analgesic effects of gabapentin after scoliosis 
surgery in children: a randomized controlled trial. Paediatr Anaesth. 2014; 24:1239–1244. 
[PubMed: 25230144] 

55. Walker SM, Fitzgerald M, Hathway GJ. Surgical Injury in the Neonatal Rat Alters the Adult 
Pattern of Descending Modulation from the Rostroventral Medulla. Anesthesiology. 2015; 122:xx–
xx. (EPub April 13). [PubMed: 25871742] 

56. Schwaller F, Beggs S, Walker SM. Targeting p38 Mitogen-activated Protein Kinase to Reduce the 
Impact of Neonatal Microglial Priming on Incision-induced Hyperalgesia in the Adult Rat. 
Anesthesiology. 2015; 122:xx–xx. (EPub April 13). [PubMed: 25859904] 

Walker Page 11

Curr Opin Anaesthesiol. Author manuscript; available in PMC 2016 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



KEY POINTS

Effective management of postoperative pain in children needs to encompass the 

perioperative period, pain following discharge, and the potential risk of persistent 

peripoperative pain.

Updated recommendations for post-tonsillectomy analgesia suggest regular 

administration of paracetamol and NSAID, and exclude codeine, but further evidence is 

required to establish the most appropriate dose and type of opioid for rescue analgesia.

Persistent postsurgical pain is being evaluated and recognized in children, with high 

perioperative pain, patient anxiety and parental catastrophizing predicting persistent 

symptoms following surgery for adolescent idiopathic scoliosis.
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