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Pediatric hospitalists play an increasingly significant role 
in perioperative pain management.1 Advances in pe-
diatric surgical comanagement may improve quality 
of care and reduce the length of hospitalization.2 This 

review is based on queries of the PubMed and Cochrane da-
tabases between January 1, 2014, and July 15, 2019, using the 
search terms “perioperative pain management,” “postopera-
tive pain,” “pediatric,” and “children.” In addition, the authors 
reviewed key position statements from the American Academy 
of Pediatrics (AAP), the American Pain Society (APS), the Cen-
ters for Disease Control and Prevention (CDC), and the Society 
of Hospital Medicine (SHM) regarding pain management.3 This 
update is intended to be relevant for practicing pediatric hos-
pitalists, with a focus on recently expanded options for pain 
management and judicious opioid use in hospitalized children.

PERIOPERATIVE PAIN MANAGEMENT
Postoperative pain management begins preoperatively ac-
cording to the concept of the perioperative surgical home 
(PSH).4 The preoperative history should identify the patient’s 
previous positive (eg, good pain control) and negative (eg, ad-
verse reactions) experiences with pain medications. Family and 
patient expectations should be discussed regarding types and 
sources of pain, pain duration, exacerbating/alleviating fac-
tors, and modalities available for realistic pain control because 
preoperative information can limit anxiety and improve out-
comes. Pain specialists can perform risk assessments preoper-
atively and develop plans to address pharmacologic tolerance, 
withdrawal, and opioid-induced hyperalgesia after surgery.5 

Children with chronic pain and on preoperative opioids may 
require more analgesia for a longer duration postoperatively. 
Early recognition of variability of patient’s pain perception and 
differences in responses to pain need to be clearly communi-
cated across the disciplines in a collaborative model of care. 

Children with medical complexity and/or cognitive, emo-
tional, or behavioral impairments may benefit from preop-
erative psychosocial treatments and utilization of pain self- 
management training and strategies that could further reduce 
anxiety and optimize postoperative care because patient and 
parental preoperative anxiety may be associated with adverse 

outcomes. Validated pain assessment tools like the Revised 
FLACC (Face, Leg, Activity, Cry, and Consolability) Scale and 
Individualized Numeric Rating Scale could be particularly use-
ful in children with limitations in communication or altered pain 
perception; therefore, medical teams and family members 
should discuss their utilization preoperatively. 

MULTIMODAL ANALGESIA
Multimodal analgesia (MMA) is a strategy that synergistical-
ly uses pharmacologic and nonpharmacologic modalities to 
target pain at multiple points of the pain processing pathway  
(Table).6 MMA can optimize pain control by addressing differ-
ent types of pain (eg, incisional pain, muscle spasm, or neu-
ropathic pain), expedite recovery, reduce potential pharmaco-
logic side effects, and decrease opioid consumption. Patients 
taking opioids are at an increased risk of developing opioid- 
related side effects, such as respiratory depression, medication 
tolerance, and anxiety, with resultant longer hospital stay, in-
creased readmissions, and higher costs of care.7 Treatment for 
postoperative pain should prioritize appropriately dosed and 
precisely scheduled MMA before opioid-focused analgesia, 
with the goals of decreasing opioid-related adverse effects, 
intentional misuse, diversion, and accidental ingestions. The 
AAP, APS, CDC, and SHM endorse the use of MMA and rec-
ommend nonpharmacologic measures and regional anesthe-
sia.8,9 The most used modalities in MMA are discussed below.

Acetaminophen 
Acetaminophen has central-acting analgesic and antipyret-
ic properties and readily crosses the blood–brain barrier, 
which makes it particularly useful in spine and neurological 
surgeries. Oral administration is preferred when feasible. 
The AAP recommends refraining from rectal administration 
of acetaminophen as analgesia in children because of con-
cerns about toxic effects and erratic, variable absorption.10 
A systematic review of six studies found no benefit in pain 
control between intravenous (IV) and oral (PO) administration 
of acetaminophen in adults.11 There is a paucity of studies 
in children comparing PO with IV acetaminophen perioper-
ative efficacy. Children may benefit from IV formulations in 
the early postoperative period, in cases with frequent nau-
sea and vomiting, and in those with oral medication intoler-
ance. Since infants have greater risk of respiratory depression 
from opioids, IV acetaminophen may have utility in this age 
group. Because of the cost associated with IV formulation, 
some institutions restrict IV acetaminophen. However, rapidly 
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well-controlled pain and minimization of opioid-related side 
effects with shorter hospital stays may lower healthcare costs 
despite the cost of acetaminophen itself.

NSAIDs 
NSAIDs possess anti-inflammatory properties through the 
inhibition of cyclooxygenase and blockade of prostaglandin 
production. NSAID risks include bleeding, renal and gastro-
intestinal toxicities, and potentially delayed wound and bone 
healing. Ketorolac is an NSAID that continues to be widely 
used with demonstrated opioid-sparing effects. Many retro-
spective studies including large numbers of pediatric patients 
have not demonstrated increased risks of bleeding or poor 
wound healing with short postoperative use. A Cochrane re-
view, however, concluded that there is insufficient data to ei-
ther support or reject the efficacy or safety of ketorolac for 
postoperative pain treatment in children, mostly because of 
the very low quality of evidence.12 

Regional Anesthesia 
Regional anesthesia, which includes central (spinal/epidural/
caudal) and peripheral blocks, decreases postoperative pain 
and opioid-associated side effects. Blocks typically consist of 
local anesthetic with or without the addition of adjuncts (eg, 
clonidine, dexamethasone). Regional anesthesia may also im-
prove pulmonary function, compared with that of nonregional 
MMA use, in patients who have thoracic or upper abdominal 
surgeries. While having broad applications, the utility of re-
gional anesthesia is greatest in preterm infants/neonates and 
in those with underlying respiratory pathology. A systematic 
review of randomized controlled trials demonstrated that re-
gional anesthesia decreased opioid consumption and mini-
mized postoperative pain, with no significant complications 
attributed to its use.13 Additional studies are needed to better 
delineate specific surgical procedures and subpopulations of 
pediatric patients in which regional anesthesia may provide 
the most benefit.

TABLE. Multimodal Analgesia: Pharmacologic Agents for Treating Postsurgical Pain, the Type(s) of Pain They Are Effective for, the 

Element of Pain Processing They Act on, and Potential Adverse Effects/Cautions

Agent and route commonly used, with examples Type of pain (processing pathway) Potential adverse effects

Opioids: IV, PO, PCA, spinal, epidural 
•  Morphine sulfate
•  Fentanyl
•  Hydromorphone

Skin/soft tissue/incisional, bone/joint, neuropathic
(transduction/modulation/perception)

Sedation, pruritus, pharmacologic tolerance, opioid-induced 
hyperalgesia, respiratory depression, nausea, vomiting, 
constipation

NSAIDs: IV, PO, PR
•  Ketorolac
•  Diclofenac
•  Ibuprofen 
•  Naproxen

Skin/soft tissue/incisional, bone/joint
(transduction/modulation)

Platelet dysfunction; gastritis; renal dysfunction; use with caution 
in children, particularly <2 years old

Acetaminophen: IV, PO Skin/soft tissue/incisional, bone/joint
(transduction/modulation)

Hepatotoxicity (at doses >75-100 mg/kg per day, age dependent)

NMDA antagonists: IV, PO
•  Ketamine 
•  Methadone

Skin/soft tissue/incisional, bone/joint, neuropathic pain
(modulation)

Ketamine: Tachycardia, tachypnea, bronchospasm, nausea/
vomiting
Methadone: QT prolongation,sedation, respiratory depression, 
multiple drug interactions

α-2 agonists: IV, epidural, caudal
•  Clonidine 
•  Dexmedetomidine

Skin/soft tissue/incisional, bone/joint, neuropathic pain
(transmission/modulation/perception)

Bradycardia, sedation

Benzodiazepines: IV, PO 
•  Diazepam 
•  Lorazepam

Muscle spasm
(perception)

Sedation, respiratory depression 

α-2δ ligands: PO 
•  Gabapentin, antidepressants (amitriptyline) 
•  Serotonin-norepinephrine reuptake inhibitors (duloxetine)

Neuropathic pain
(central sensitization)

Sedation, respiratory depression (especially if used with opioids), 
neuropsychiatric changes, serotonin syndrome

Tramadol: PO Neuropathic pain
(modulation)

Similar to opioids, contraindicated in children under 12 years of 
age

LA: infiltration by surgeon, peripheral nerve block, neuraxial block  
(spinal, epidural), skin patches
•  Bupivacaine 
•  Ropivacaine 
•  Lidocaine

Skin/soft tissue/incisional, bone/joint, neuropathic,  
bladder spasm, muscle spasm
(transduction/transmission)

LA toxicity; motor blockade may prevent neurologic exam and 
interfere with ambulation; nerve damage; bleeding (greater risk 
if there is concurrent anticoagulation, thrombocytopenia, liver 
dysfunction)

Abbreviations: IV, intravenous; LA, local anesthetic; PCA, patient-controlled analgesia; PO, oral; PR, rectal.
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Gabapentinoids 
Children receiving gabapentinoids perioperatively have been 
shown to have fewer adverse reactions, decreased opioid con-
sumption, and less anxiety, as well as improved pain scores. 
Gabapentin is increasingly being utilized for children with idio-
pathic scoliosis undergoing posterior spinal fusion, and there 
is some evidence for improving pain control and reducing opi-
oid use. However, a recent systematic review found a pauci-
ty of data supporting its clinical use.14 Both gabapentin and 
pregabalin may further increase risks of respiratory depression, 
especially in synergy with opioids and benzodiazepines.

Opioids 
Opioids should be used with caution in pediatric patients and 
are reserved primarily for the management of severe acute 
pain. The shortest duration of the lowest effective dose of opi-
oids should be encouraged. Patient-controlled opioid anal-
gesia (PCA) offers benefits when parenteral postoperative an-
algesia is indicated: It maximizes pain relief, minimizes risk of 
overdose, and improves psychological well-being through self- 
administration of pain medicines. Basal-infusion PCA should not 
be routinely used because it is associated with nausea, vomiting, 
and respiratory depression without having superior analgesia 
compared with demand use only. Monitoring of side stream 
end-tidal capnography can readily detect respiratory depres-
sion, especially if opioids, benzodiazepines, gabapentinoids, 
and diphenhydramine are used concomitantly. Patient educa-
tion regarding opioid use, side effects, safe storage, and dispos-
al practices is imperative because significant amounts of opioids 
remain in households after completion of treatment for pain and 
because opioid diversion and accidental ingestions account for 
significant morbidity. Providers need to balance efficient pain 
management with opioid stewardship, complying with state and 
federal policies to limit harm related to opioid diversion.15

Nonpharmacologic Modalities 
The use of nonpharmacologic therapies, along with pharma-
cologic modalities, for perioperative pain management has 
been shown to decrease opioid use and opioid-related side 
effects. Trials of acupressure have demonstrated improvement 
in nausea and vomiting, sleep quality, and pain and anxiety 
scores. Nonpharmacologic treatments currently serve as a 
complementary approach for pain and anxiety management 
in the perioperative setting and include acupuncture, acupres-
sure, osteopathic manipulative treatment, massage, medita-
tion, biofeedback, hypnotherapy, and physical/occupational, 
relaxation, cognitive-behavioral, chiropractic, music, and art 
therapies. The Joint Commission suggests consideration of 
such modalities by hospitals.

FUTURE CONSIDERATIONS
Pediatric hospitalists have been traditionally involved in re-
search and patient care improvements and should continue 
to actively contribute to establishing evidence-based guide-
lines for the treatment of acute postoperative pain in hospi-
talized children and adolescents. The sparsity of high-quality 

evidence prompts the need for more research. A standardized 
approach to perioperative pain management in the form of 
checklists, pathways, and protocols for specific procedures 
may be useful to educate providers and patients, while also 
standardizing available evidence-based interventions (eg, pe-
diatric Enhanced Recovery After Surgery [ERAS] protocols).

CONCLUSION
Combining multimodal pharmacologic and integrative non-
pharmacologic modalities can decrease opioid use and related 
side effects and improve the perioperative care of hospitalized 
children. Pediatric hospitalists have an opportunity to optimize 
care preoperatively, practice multimodal analgesia, and contrib-
ute to reducing risk of opioid diversion post operatively.
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