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The pediatric population is at risk of inadequate pain management, with age-related factors affecting
pain management in children. Misconceptions exist that may contribute to pediatric patients receiving
inadequate analgesia for procedures that would routinely be treated aggressively in adults. Although
much is now known about pain management in children, improvements are still needed to improve
pediatric pain management in routine clinical practice.

Educational Objectives
* Describe developmentally appropriate strategies and tools for assessing pain in children.
* Explain various approaches to providing local anesthesia for pediatric patients
« Utilize pharmacologic and nonpharmacologic treatments for pain in children.
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CME Needs Assessment

Pain is one of the most common reasons for patients to seek medical attention and one of the
most prevalent medical complaints in the us.*® According to the 2011 Institute of Medicine
Report-Relieving Pain In America, approximately 116 million Americans are burdened with
chronic pain.4 Three in five of those 65 years or older said that they experienced pain that lasted
a year or more; more than 60% of U.S. nursing home residents report pain, most commonly
attributable to arthritis, and 17% have substantial daily pain.z’4 More than one-quarter of adults
said they had experienced low back pain, and 15% of adults experienced migraine or severe
headache in the past three months. For the millions of Americans who experience persistent pain,
the impact on function and quality of life can be profound.z'5 Pain is associated with high
utilization of health care and the societal costs related to treatment are compounded by the loss
in productivity associated with persistent pain.6 Lost productive time from common pain
conditions among workers costs an estimated $61.2 billion per year and most of this is related to
reduced performance while at work.” The annual economic cost associated with chronic pain
most likely exceeds $560 billion.”

Opioid medications are prescribed commonly for acute pain and pain associated with advanced
illness, and although the use of these drugs to help manage chronic non-cancer pain continues to
be limited, their use for the latter indication has increased substantially during the past two
decades. In parallel with this increase in medical use has been a deeply concerning rise in
prescription drug abuse and unintentional overdose. Drug overdose deaths in the United States
exceed 38,000 annually with prescription drugs involved in more than 55% of such deaths.
Prescription opioid drugs were involved in nearly 75% of the 22,000 plus prescription drug
overdose deaths reported in 2010.8 Consequently, federal actions such as FDA-mandated risk
mitigation strategies for long-acting opioids, federal support for requiring mandatory education for
DEA registration, and state-based initiatives designed to more tightly regulate opioid use have
emerged. Physicians and other clinicians need current, state-of-the-art education to assist them
in developing the necessary skills to manage patients with persistent pain, including the skills
needed to use opioid drugs safely and effectively. This CME program reviews the assessment
and management of pain and persistent pain syndromes that are commonly seen in primary care.

1. Watkins EA, Wollan PC, Melton LJ 3rd, Yawn BP. A population in pain: report from the Olmsted County
health study. Pain Med. 2008;9:166-174.

2. http://www.cdc.gov/nchs/hus.htm

3. Blay SL, Andreoli SB, Gastal FL. Chronic painful physical conditions, disturbed sleep and psychiatric
morbidity: results from an elderly survey. Ann Clin Psychiatry. 2007;19:169-174.

4. Institute of Medicine. Relieving Pain in America: A Blueprint for Transforming Prevention, Care,
Education, and Research. 2011. Washington, DC. The National Academies Press.

5. Sawyer P, Lillis JP, Bodner EV, Allman RM. Substantial daily pain among nursing home residents. J Am
Med Directors Assoc. 2007;8:158-165.

6. Von Korff M, Lin EH, Fenton JJ, Saunders K. Frequency and priority of pain patients’ health care use. Clin
J Pain. 2007;23:400-408.

7. Stewart, WF, Ricci, JA, Chee, E, Morganstein D, & Lipton R. (2003). Lost productive time and cost due to
common pain conditions in the US workforce. JAMA. 2003; 290(18);2443-2454.

8. Jones CM, Mack KA, Paulozzi LJ. Pharmaceutical overdose deaths, United States, 2010.
JAMA;2013:657-658.
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Introduction

It is now well accepted by neuroscientists and pain specialists that the nervous system is
sufficiently developed to process nociception before birth, and consequently, children must be
assumed to experience pain from birth onward.! Indeed, due to a more robust inflammatory
response and the lack of a central inhibitory influence, infants and young children actually may
experience a greater neural response, i.e., more pain sensation and pain-related distress,
following a noxious stimulus than do adults. The impact of painful experience on the young
nervous system is so significant that long-term effects can occur, including a lowered pain
tolerance for months after a pain-producing event.?

Given the certainty that neonates and preverbal children experience pain, the long history of
undertreatment®” cannot be justified by the lack of easy communication with these patients, and
certainly not with older children and adolescents. The multifactorial sources of undertreatment of
pediatric pain should be understood and provide the basis for professional and parental
education, and system changes, that are necessary to yield best practices in pediatric pain
control.

Children and adolescents experience a variety of acute and chronic pain conditions associated
with common childhood illnesses and injuries. Some chronic (painful) diseases typically emerge
in childhood such as sickle cell anemia and cystic fibrosis, as well as diseases more often
recognized as having adult onset (e.g., HIV, cancer). Some chronic diseases also manifest in
juvenile forms (e.g., diabetes, rheumatoid arthritis)

Misconceptions That Can Lead to Undertreatment of Pain in Children

The American Academy of Pediatrics and the American Pain Society have issued a joint
statement recommending that pain be recognized and treated more aggressively in children.
They point to several misconceptions that can lead to undertreatment of pain in children.®

» The myth that infants and children do not feel pain, or suffer less from it than adults.

* Lack of routine pain assessment in children.

* Lack of knowledge regarding newer modalities and proper dosing strategies for the use of
analgesics in children.

* Fears of respiratory depression or other adverse effects of analgesic medications.

* The belief that preventing pain in children takes too much time and effort.

Pain Assessment in Infants and Children

Because children have a limited range of experience and may be unable to use words that
adequately express their discomfort, determining just how much pain a child is experiencing can
be difficult. Cognitive, behavioral, emotional, and psychosocial factors (e.g., family learning,
culture), and other factors (e.g., gender) play a role in a child’s pain experiences, with children
and adolescents responding to noxious experiences differently at different developmental stages.
Observational pain scales have been validated for neonates and infants to allow pain assessment
in those unable to verbalize their pain. These scales, though essential, also respond to distress
from causes other than pain, such as hunger, fear or anxiety (e.g., from parental separation).
Simple self-report scales using facial expressions or small objects to describe pieces of hurt (i.e.,
Poker Chip Tool) have been devised to allow preschool and school age children to more
accurately describe the intensity of their pain.

Observational Pain Scales for Neonates and Infants

With the widespread use of screening blood tests in the newborn and the large number of
neonatal circumcisions performed in hospitals throughout the U.S., researchers have been
developing assessment tools and studying the effects of pain in newborns for a number of years.7

5
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These pain assessment scales have been validated in studies of preterm and term neonates and
have aided in the development of similar observational scales for toddlers and cognitively
impaired children. Most combine easily obtained physiologic parameters such as heart rate and
oxygen saturation with facial expressions such as brow bulge, eye squeeze, and nasolabial
furrow and body movements to determine the degree of discomfort. The most commonly used
scales in newborns are the Premature Infant Pain Profile (PIPP) and the CRIES Postoperative
Pain Scales.®® The FLACC (Face, Legs, Activity, Cry and Consolability) Scale is a behavioral
scale that has been validated for assessment of postoperative pain in children between the ages
of 2 months and 7 years.® After observing a child for one to five minutes, a pain score is obtained
by reviewing the descriptions of behavior and selecting the number that most closely matches the
observed behavior.

FLACC Behavioral Pain Assessment

Categories Scoring
0 1 2

Face No particular Occasional grimace or frown, Frequent to constant
expression or withdrawn, disinterested quivering chin, clenched jaw
smile

Legs Normal position Uneasy, restless, tense Kicking, or legs drawn up
or relaxed

Activity Lying quietly, Squirming, shifting back and forth, Arched, rigid or jerking
normal position, tense
moves easily

Cry No cry, (awake or Moans or whimpers; occasional Crying steadily, screams or
asleep) complaint sobs, frequent complaints

Consolability Content, relaxed = Reassured by occasional Difficulty to console or

touching hugging or being talked comfort

to, distractible
Each of the five categories is scored from 0-2, resulting in a total score between 0 and 10.
The FLACC scale was developed by Sandra Merkel, MS, RN, Terri Voepel-Lewis, MS, RN, and Shobha Malviya, MD, at C. S. Mott
Children’s Hospital, University of Michigan Health System, Ann Arbor, MI.
Copyright © 2002, The Regents of the University of Michigan. Reproduced with permission.

Self-Report Scales for Children

Starting at about 18 months of age, children have acquired words for pain, and 3- or 4-year-old
children may be able to report pain, indicate its location, and describe its characteristics. If self-
report is possible, it is the preferred strategy for information-gathering about pain. Progress has
been made in creating and validating self-report scales and in understanding the developmental
and socio-environmental influences on pain report, but research in this area is needed.'® Well
established self-report pain scales developed for young children include the Poker Chip Scale,
Wong-Baker Faces Scale (free to use), the Faces Pain Scale-Revised (FPS-R) and the Oucher
Scale."**® The FPS-R has been translated into more than 30 languages and is also free to use.
The Oucher Scale (www.oucher.org) which is available in different ethnic versions permits
children to rate their pain intensity by matching it to photographs of other children’s faces
depicting increasing levels of pain and is well accepted in children over 6 years of age. The Poker
Chip Scale asks children to quantify their pain in “pieces of hurt,” with more poker chips
representing more pain. Body outlines allow young children to point to the location of their pain.
The Poker Chip Tool appears to have the most utility as a simple clinical assessment tool to
identify presence/absence of pain and general estimates of pain intensity in young children.™ As
school age children learn the proportionality of numbers and colors (typically 8 years and older),
they can generally use the same scales as adults (i.e., Visual Analog Scale, Numeric Rating
Scale) without difficulty. The utility of these instruments in the context of emergency care has
recently been reviewed.'®
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Interpreting pain scales can be difficult in young children since their ratings are based on prior
experiences of pain. Thus, when young children use the upper end of a scale to rate their pain,
they are indicating its severity relative to their prior pain experience.'’ For young children, an
injury or procedure might be the strongest pain they have experienced whereas older children
and adults may rate the same injury as less painful, because they have experienced a more
diverse array of pain.

Several questionnaires have been developed for children with chronic or persistent pain. These
include, among others, the Varni-Thompson Pediatric Pain Questionnaire (PPQ), and the
Children’s Comprehensive Pain Questionnaire.’®'® The PPQ is modeled after a widely used adult
pain assessment instrument, the McGill Pain Questionnaire; its clinical utility has been focused on
pediatric patients with rheumatoid arthritis or sickle cell disease.™

Poker Chip Tool Instruction Sheet

« Say to the child: “l want to talk with you about the hurt you may be having right
now.”

+ Align the chips horizontally in front of the child on the bedside table, a clipboard,
or other firm surface.

* Tell the child, “These are pieces of hurt.” Beginning at the chip nearest the
child’s left side and ending at the one nearest the right side, point to the chips
and say, “This (first chip) is a little bit of hurt and this (fourth chip) is the most
hurt you could ever have.”

* For a young child or for any child who may not fully comprehend the instructions,
clarify by saying, “That means this (one) is just a little hurt, this (two) is a little
more hurt, this (three) is more yet, and this (four) is the most hurt you could ever
have.”

* Do not give children an option for zero hurt. Research with the Poker Chip Tool
has verified that children without pain will so indicate by responses such as, I
don’t have any.”

* Ask the child, “How many pieces of hurt do you have right now?”

« After initial use of the Poker Chip Tool, some children internalize the concept
“pieces of hurt.” If a child gives a response such as “I have one right now”
before you ask or before you lay out the poker chips, proceed with asking how
many pieces of hurt the child has now.

* Record the number of chips on a pain flow sheet.

* Clarify the child’s answer by words such as, “Oh, you have a little hurt? Tell me

about the hurt.”
Source: Hester NO, Foster R, Kristensen K. Measurement of pain in children: generalizability and validity
of the Pain Ladder and the Poker Chip Tool. In: Tyler DC, Krane EJ, eds. Pediatric pain. Vol. 51.
Advances in Pain Research and Therapy. New York: Raven Press, Ltd.; 1990. p. 79-84.
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Pain Rating Scale Links

Management of Acute Pain in Children

Acute pain is far more common than chronic pain in children. Pain from injury or illness typically is
transitory; most can be easily managed by the patient and caretakers. latrogenic acute pain also
is common and extends from the increasing number of needle stick procedures (immunizations,
screening blood tests) that are performed as a part of preventive medicine strategies to acute
severe pain related to surgery or other procedures done to address a serious medical problem.
Unrelieved pain can lead to considerable anxiety and distress and, in some instances, can have
long-term physiological and behavioral consequences. Though it is impossible to prevent all
sources of pain, information is now available to aid practitioners in providing safe and effective
analgesic modalities for both prevention and treatment of childhood pain.

Nonpharmacologic Pain Management

Nonpharmacologic approaches for the treatment of pain in children include psychological
strategies, education and parental support. For children undergoing repeated painful procedures,
cognitive-behavioral therapy interventions, which decrease anxiety and distress, can be quite
effective.?® The aim of such therapies is to provide responses that may help children master a
distressing situation, ideally in a manner consistent with their basic coping strategies. Most of
these techniques take time to learn and master, so simple distraction techniques that divert
attention away from painful stimuli, or positive incentive techniques which provide a small reward
(e.g., stickers or prizes) for attempts at mastery of their responses, can be effective for children
undergoing occasional procedures. These techniques are designed to decrease anxiety, but are
not adequate as the sole means of pain relief for most painful procedures.



- Module 6 Pain Management: W
AMA)% Pediatric Pain Management - \V)’*)

Pharmacologic Pain Management

Special Considerations in Treating Infants and Children

When treating pain in infants it is important to understand that although most of the major organ
systems are anatomically well developed at birth, their functional maturity is often delayed. In the
first months of life in both preterm and full-term newborns, these systems rapidly mature, most
approaching a functional level similar to adults before 3 months of age. General principles of
newborn physiology and its effects on the pharmacology of opioids and local anesthetics are
described in the following text:

» Most analgesics (including opioids and local anesthetics) are conjugated in the liver.
Newborns, and especially premature infants, have delayed maturation of the enzyme
systems involved in drug conjugation, including sulfation, glucuronidation, and oxidation.
Several of these hepatic enzyme systems, including cytochrome P450 subtypes, mature at
varying rates over the first 1 to 6 months of life.**

» Glomerular filtration rates are diminished in the first week of life, especially in premature
infants,zzbut generally are sufficiently mature to clear medications and metabolites by 2 weeks
of age.

* Newborns have a higher percentage of body weight as water and less as fat compared with
older patients. Water soluble drugs, therefore, often have larger volumes of distribution.

* Newborns have reduced plasma concentrations of both albumin and alpha-1 acid glycoprotein
than older children and adults. For some drugs, this may lead to higher concentrations of
unbound drug (active), and thereby greater drug effect or drug toxicity.

* Newborns, and especially premature infants, have diminished ventilatory responses to
hypoxemia and hypercarbia.”*** These ventilatory responses can be further impaired by CNS
depressant drugs such as opioids and benzodiazepines.

Acetaminophen

Due to its excellent safety profile and lack of significant side effects, acetaminophen is the most
commonly used analgesic agent in pediatric practice. It is a mainstay for mild to moderate pain,
and is often combined with opioid analgesics for patients with more severe pain (i.e.,
acetaminophen with hydrocodone).

Hepatotoxicity can result when an oxidized metabolite of acetaminophen, acetyl-p-benzoquinone-
imine (NAPQI), is produced in such high quantities that there is not enough glutathione (GSH) to
bind to it. Infants and children produce high levels of GSH as a part of hepatic growth and this
may provide some protection against the hepatotoxicity produced by overdose. Emergency room
visits for acetaminophen toxicity are highest in pediatric patients.”® Analysis of Poison Control
Center data, FDA adverse event reports, and clinical trial regorts indicate that therapeutic doses
of <75 mg/kg daily are safe with respect to hepatotoxicity.zs' !

Acetaminophen is available orally in several tablet and liquid formulations. Oral dosing of 10 to 15
mg/kg is commonly recommended, though single oral doses of 20 mg/kg appear quite safe in
children. Neonates have a slower elimination half-life so the drug must be given less frequently.
Daily maximum oral dosing is recommended not to exceed 75 mg/kg for children, 60 mg/kg for
terngeonates <10 days of age, and 45 mg/ kg for premature infants >34 weeks gestational

age.

Rectal preparations of acetaminophen are available for infants and toddlers who are unable or
unwilling to take this medication orally. A series of studies has confirmed that rectal absorption is
slow, somewhat variable, and comparatively inefficient. Single rectal doses of 30 to 45 mg/kg
produced plasma concentrations that were generally in the effective range, and never in a range
associated with hepatotoxicity.*®*° Following these large rectal doses, there is a comparatively
slow decline in plasma concentrations. Based on a 24-hour kinetic study, it was recommended
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that initial doses of 35 to 40 mg/kg be followed by subsequent doses of 20 mg/kg, with the dosing
interval extended to at least 6 hours.* If a large rectal dose is to be followed by oral dosing, it is
also recommended that a first oral dose be given no sooner than 6 hours after the initial dose.
Dosage guidelines for acetaminophen and the most commonly used NSAIDs in children can be
found in the table.

Intravenous acetaminophen is now available in the United States. It has been studied in both
children and adults and offers an option for parenteral treatment in the postoperative and other
settings where patients are unable to take oral medications.*

Nonsteroidal Anti-inflammatory Drugs

Except in the newborn period, when the half-life after administration is significantly longer, the
pharmacodynamics and pharmacokinetics of nonsteroidal anti-inflammatory drugs (NSAIDs) in
children are not much different than in adults.** Although the potential for gastrointestinal (Gl),
renal and other toxicities exist, the incidence of these problems in young and older children may
be less than that encountered during treatment of adults,® perhaps due to the uncommon
occurrence of the comorbidities and polypharmacy that predispose to problems.

Ibuprofen is frequently chosen for mild to moderate pain, because it is available in a liquid form
allowing for easy administration to younger children. Since it became available as an over-the-
counter medication for fever reduction as well as pain relief, there is a large amount of clinical
experience in infants and children with this drug. Reviews of short-term ibuprofen in children
revealed no increase in clinically significant renal or Gl side effects compared to
acetaminophen.®*® Further study will be needed to clarify the benefits and risks associated with
the use of intravenous ibuprofen, including the postoperative period. It has a better safety profile
than ketorolac and offers an alternative when the latter drug would be considered.

Parenteral ketorolac has been used both as an adjuvant to opioid analgesia, and as a single
agent for the treatment of postoperative pain in children and adolescents following various
procedures. One study demonstrated that the administration of a single dose of 0.8 mg/kg of
ketorolac could reduce the need for self-administered opioid analgesia by approximately 30% in
the first 12 hours after surgery.36 This led to a significant reduction in urinary retention compared
to opioid analgesia alone. Dosage recommendations have been reduced in the last few years to
0.25 to 0.5 mg/kg every 6 hours with no requirement for a loading dose. A review of the short-
term use (48 hours) of intravenous ketorolac in over 1,700 children demonstrated a low rate of
complications.*’

Adult studies have found that, in comparison with traditional NSAIDs, COX-2 inhibitors
demonstrate a significantly lower incidence of gastritis or ulcers, and do not prolong bleeding
time. Only the COX-2 inhibitor, celecoxib, is available for oral administration. In patients with
juvenile arthritis, celecoxib 6 mg/kg twice daily was at least as effective as naproxen 7.5 mg/kg
twice daily; gastrointestinal complaints were more common in naproxen recipients.38

10
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Table: Initial Dosage Guidelines for Nonopioid Analgesics*
Drug Dose Dose Interval Daily Daily

(mg/kg)(<60 kg) (mg)(2 60 kQ) (hours) Maximum Dose  Maximum
(mg/kg)(<60 kg) Dose

(mg)(2 60/kg)
Acetaminophen
Oral 10-15 650-1000 4 75* 4000
Rectal 20" 1000 6 120
Ibuprofen 5-10 400-600* 6 40 2400*
Naproxen 5-6 250-375% 12 24 1000*
Aspirin® 10-15 650-1000* 4 80 3600*
Ketorolac (1V) 0.25-0.5 15-30 6 2 120
*Maximum daily doses for acetaminophen in term neonates and infants, should be reduced to 60 mg/kg, and to 45 mg/kg in
preterm neonates.
TA loading dose of 35-40 mg/kg is recommended when acetaminophen is administered rectally
FHigher doses may be used in selected cases for treatment of rheumatologic conditions in children.
8Aspirin carries a risk of provoking Reye’s syndrome in infants and children. If other analgesics are available, aspirin use should be
restricted to indications where anti-platelet or anti-inflammatory effect is required, rather than as a routine analgesic or anti-pyretic
in neonates, infants, or children. Dosing guidelines for aspirin in neonates have not been established.
Reproduced with permission from Berde CB, Sethna NP. Analgesics for the treatment of pain in children. N Engl J Med.
2002;347:1094-1103.

Opioid Analgesics

For the vast majority of children, opioids provide excellent analgesia with a wide margin of safety.
Developmental differences, however, can make dosing difficult, especially in the first several
months of life. In the first week of a newborn’s life, the elimination half-life of morphine is more
than twice as long as that in older children and adults, as a result of delayed clearance.* This
appears to be due to several factors, most important of which is the immaturity of the newborn
infant’s hepatic enzyme systems. Clearance of morphine is dependent on conjugation of the drug
to form the metabolites morphine-3-glucuronide and morphine-6-glucuronide; the latter
contributes a substantial fraction of morphine’s analgesic effects. This reaction is catalyzed by
glucuronyl transferases, which though present, have attained only a portion of their full function.
Fentanyl and sufentanil also have diminished hepatic metabolism in premature and term
neonates. Glomerular filtration is reduced in the first week of life, leading to slower elimination of
morphine’s active metabolites.

These pharmacokinetic differences between neonates and older children must be understood to
adjust dosing appropriately and avoid toxicity. Equally important in determining safe opioid dosing
in infants is an understanding of the immaturity of central respiratory control mechanisms. Infants
in the first 3 to 6 months of life have inadequate and sometime paradoxical ventilatory responses
to both hypoxia and hypercapnia.”* As a result, they may develop apnea or periodic breathing
after receiving even small doses of opioids. Cardiorespiratory monitoring and careful observation
is recommended whenever opioids are administered to infants less than 2 to 3 months of age.
Premature infants and former premature infants with chronic lung disease continue to show
depressed hypoxic drive for several months, and often require careful monitoring after opioid
administration up to 5 to 6 months of age.
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Table: Initial Dosage Guidelines for Inmediate-Release Opioid Analgesics*

Equianalgesic Doses Usual Starting IV Doses and | Parenteral/ | Usual Starting Oral Doses and
Intervals Oral Ratio Intervals
Drug PARENTERAL ORAL Child Child Child <50 kg  Child > 50 kg
<50 kg >50kg
Codeine 120 mg 200 mg N/R N/R 1:2 0.5-1mg/kgqg  30-60 mg g 3-4 hr
3-4 hrs
Morphine 10 mg 30 mg Bolus: 0.1 Bolus: 5-8 mg  1:3 Immediate Immediate Release:
(long-term) mg/kg g 2-4 hr Release: 15-20 mg q 3-4 hr
g2-4hr Infusion:1.5 0.3mg/kg g 3- Sustained Release:
Infusion: mg/hr 4 hr 30-45mg q 8-12 hr
0.02 -0.03
mg/kg/hr
Oxycodone N/A 15-20 mg N/A N/A N/A 0.1-0.2mg/ kg 5-10 mg q 3-4 hr
q 3-4 hr
Methadone 10 mg 10-20 mg 0.1mg/kgt 5-8mgq4-8 1:2 0.1 mg/kgq 8- 2.5-10 mg q 8-12 hr
hr 12 hr
Fentanyl 100 mcg N/A Bolus: Bolus: 25-50 N/A N/A N/A
(0.1 mg) 0.5-1.0 mcg q 1-2 hrs
mcg/ kg q Infusion: 25-
1-2 hr 100 mcg hr
Infusion:
0.5-2.0
mcg/kg/hr
Hydromorphone 1.5-2mg 6-8 mg Bolus: 0.02  Bolus:1 mg g 1.4 0.04-0.08 2-4mgq 3-4 hr
mg 2-4 hrs mg/kg
g 2-4 hr Infusion: 0.3 q3-4 hr
Infusion: mg/hr
0.006 mg/
kg/hr
Meperidine+ 75-100 mg 300 mg Bolus:0.8- Bolus:50-75 1.4 2-3mg/kg q 3- 100-150 mg q
(pethidine) 1.0 mg/kg mg 4 hr 3-4 hr
g 2-3 hr g 2-3 hr

Doses are for patients over six months of age. All doses are approximate and should be adjusted according to clinical circumstances.

1See text for information about methadone sliding scale administration.

+Meperidine should generally be avoided if other opioids are available, especially with chronic use, because its metabolite can cause seizures.
Reproduced with permission from Berde CB, Sethna NF. Analgesics for the treatment of pain in children. N Eng J Med. 2002;347:1094-1103.

Oral Opioids

Codeine is a relatively poor opioid analgesic, causing more nausea and constipation at
comparable analgesic doses than other opioids. Codeine is available as an oral solution and is,

therefore, the most commonly administered oral opioid in young children. It is often given in

combination with acetaminophen but a safe dosage for children under 3 has not been
established. The combination product is not currently a Schedule 1l controlled substance in the

U.S, which means that it can be prescribed over the phone—a convenient scenario for some

physicians. The commercially available acetaminophen/codeine oral solution contains the two

drugs in a 10:1 ratio (acetaminophen 120 mg with codeine 12 mg in each 5 ml). When given

separately, these two drugs are generally given in a 20:1 to 30:1 ratio (i.e., 10 to 15 mg/kg
acetaminophen and 0.5 mg/kg codeine). Therefore, additional acetaminophen is often prescribed
to improve analgesia.

Codeine’s analgesic effects derive from its metabolic conversion to morphine. A significant
fraction of the general population (ranging from 3% to 14% in different ethnic groups) lacks the
enzyme that O-demethylates codeine to generate morphine.* Thus, if a child fails to show an
analgesic effect from standard dosing of codeine, consideration should be given to substituting a
different opioid, in order to circumvent this pharmacogenetic barrier.
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Methadone also is available as an oral solution and, because of its long half life, can provide
excellent analgesia with TID dosing. It has an oral bioavailability of 60% to 90%, so dosage
ranges for oral and intravenous administration are similar. However, methadone is not labeled for
use in patients younger than 18 years of age. Due to slow and variable clearance, methadone
requires careful assessment and titrated to prevent delayed sedation. Fatal respiratory
depression may occur, with highest risk at initiation and with dose increases. QT interval
prolongation and serious arrhythmia (torsades de pointes) have occurred during treatment with
methadone. Accidental ingestion of methadone can result in fatal overdose of methadone,
especially in children. This drug should be used only by clinicians who are knowledgeable and
familiar with the unique pharmacokinetic and pharmacodynamic properties of methadone.

Intravenous Opioids

With few exceptions, opioids should be administered to children either via the oral or intravenous
route. Intramuscular injections should be avoided unless absolutely necessary. Many children
have a tremendous fear of “shots” and if offered an injection for pain relief, will deny that they are
in pain to avoid receiving a shot. Some children are willing to endure a great deal of pain if intra-
muscular injections are all that are offered for postoperative pain relief.

Though intermittent intravenous boluses of morphine, hydromorphone or fentanyl can provide
rapid pain relief, their duration of action is short. The dosing interval for these opioids, therefore,
should not be greater than every 2 to 4 hours. In order to provide a more steady analgesic effect,
continuous opioid infusions and patient- or nurse-controlled analgesia (PCA or NCA) are
commonly used to circumvent the fluctuations in plasma concentrations. Intermittent dosing with
the longer-acting opioid, methadone, can be very effective, but as previously noted, should not be
prescribed by those without specific knowledge of the challenges inherent in the safe prescribing
of this drug. Meperidine is generally not recommended when other opioids are available because
of the potential for seizures and other toxicities due to its metabolite, normeperidine.

Continuous Opioid Infusions

For toddlers and children, commonly recommended initial morphine infusion rates are roughly
0.025 mg/kg/hr.** Due to the pharmacokinetic and pharmacodynamic factors described above,
initial infusion rates in newborns are much lower and range from 0.005 to 0.01 mg/kg/hr.
Cardiorespiratory monitoring is required for infants less than 3 months of age and adjustment of
these rates should be based on clinical signs of either inadequate pain relief or increased
somnolence.

Patient Controlled Analgesia

Patient controlled analgesia (PCA) is widely used for postoperative pain relief in both children and
adults. With appropriate preoperative teaching and encouragement, children as young as 6 to 7
years of age can independently use the PCA pump to provide good postoperative pain relief.*
Children between the ages of 4 and 6, however, generally require encouragement from their
parents and nursing staff to push the button before anticipated painful movements or procedures.
Even with encouragement, the failure rate among 4 and 5 year olds with PCA appears quite high.
For younger children, nurse controlled analgesia in which the nurse presses the button (NCA) has
gained popularit}/ to permit small titrated dosing of opioids for infants and children unable to use
the PCA button.*®

PCA may be administered either alone or in conjunction with a low-dose continuous infusion.
Initial parameters for the most commonly used agents can be found in the table (see above),
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Typical Starting Parameters for PCA.

Morphine, hydromorphone and fentanyl have all been used and there are no data to suggest that
one is inherently better than another. There is large individual variation across drugs, however,
and it may be necessary to shift from one to another to find the most beneficial agent. Morphine
has been the most extensively studied in children and often is tried first. Basal infusions improve
sleep quality, but have been associated with episodes of hypoxemia when used for postoperative
pain management in children.** One solution for this has been to combine PCA in bolus-only
mode with round-the-clock administration of NSAIDs and/or acetaminophen. For children with
acute pain associated with chronic iliness, most of whom have developed some tolerance to
opioid analgesics, a larger basal infusion is preferred to adequately control disease-related pain.
For tumor-related pain or palliative care, roughly two-thirds of the overall requirement is provided
from the basal infusion.

Typical Starting Parameters for PCA

Drug Bolus dose Continuous rate 4 hour limit
(mcg/kg) (mcg/kg/hour) (mcg/kg)

Morphine 20 4-15 300

Hydromorphone 5 1.3 60

Fentanyl 0.25 0.15 4

Lockout interval = 5 to 7 minutes. The lockout interval is the period during which the
PCA unit is refractory to further demands by the patient, and is necessary to prevent
patients from taking an additional dose before appreciating the effect of the preceding
dose.

Although PCA is widely available in the U.S., it is useful to have options when considering
strategies for the management of inpatients with acute severe pain. By delivering very small
boluses of drug at a very short interval, PCA eliminates the problem of fluctuating effects
associated with bolus injections of a short-acting opioid at an interval of several hours. The use of
a simple regimen involving intravenous methadone can accomplish the same outcome.” In this
approach, loading doses (usually 0.1 to 0.2 mg/kg) are given and the nursing staff evaluates pain
at intervals not exceeding 4 hours (reverse “PRN” method). The drug is administered via a
“sliding scale.” If the pain is rated as severe, 0.07 mg/kg is administered; 0.05 mg/kg is given for
moderate pain or 0.03 mg/kg if the pain is considered mild. This method can be safe and
effective, but is dependent on an available, well-trained staff.

Children who have chronic pain related to cancer or other serious illness can be treated with long-
term opioid therapy, typically with oral or transdermal delivery. The guidelines to optimize
outcomes mirror those of adults.

Local Anesthetics and Regional Anesthesia

Topical Anesthetics

Until recently local anesthetics had to be injected into the skin to be effective. A number of new
topical anesthetics have recently become widely available to provide pain relief prior to the many
anticipated needle-stick procedures that children must undergo in the first 6 years of life.*®

Eutectic Mixture of Local Anesthetics (EMLA)

Eutectic mixtures of local anesthetics such as lidocaine/prilocaine and lidocaine/tetracaine are
effective in reducing pain from dermatologic procedures, venipuncture, etc. The mixture of
lidocaine/prilocaine (EMLA) was one of the first topical anesthetics commercially available for use
on intact skin and has been the most extensively used and studied.”’ The physico/chemical
feature of this type of mixture permits a higher effective concentration at the stratum corneum and
increases the rate of uptake. However, this dosage form requires 30 to 60 minutes to become
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fully effective after application. Lidocaine in combination with tetracaine generates a “peel” for
topical anesthesia prior to superficial dermatological procedures.

Clinical trials have shown effectiveness of EMLA in reducing the pain or distress of a number of
common pediatric procedures including venous cannulation, venipuncture, lumbar puncture,
circumcision, urethral meatotomy and adhesion release, immunizations, arterial cannulation,
dermatologic procedures, allergy testing, accessing implanted central venous access catheters,
and laceration repair. EMLA must be applied in a thick layer and is most effective if left
undisturbed for at least 90 to 120 minutes. Allowing time for the cream to be fully effective may be
difficult in busy ambulatory clinics, and new topical approaches, including patch delivery, heat-
enhanced delivery, and other drug formulations have been developed in an effort to improve the
outcomes obtained with EMLA.*®*’

lontophoresis

Other techniques also have been developed for the same purpose: prompt local anesthesia in a
relatively small area. One of these is iontophoresis of lidocaine (Numby Stuff™), which employs
an electrical field to drive local anesthetics in their charged ionic form across the stratum
corneum.”® lontophoresis can provide deeper levels of analgesia with a much shorter onset time
(10 to 25 minutes), which has made it popular for use prior to Procedural Sedation in the
emergency department. Though there is a mild tingling sensation during drug delivery, this is
generally well tolerated. The duration of application to achieve sufficient analgesia is dependent
on the amount of current used. With higher currents (i.e., 4 mAmps), there is more tingling of the
skin, but analgesia can be achieved in approximately 10 minutes. Longer application times
(approximately 25 to 30 minutes) are needed when lower currents are used, but the tingling
sensation can be made almost undetectable.

Liposomal lidocaine

Lidocaine can be dispersed in liposomes to facilitate transcutaneous delivery. This formulation
(ELA-max) is available as an over-the-counter medicine and can be massaged into the skin
without occlusion, providing skin anesthesia within 30 minutes. Its analgesic effects may be
equivalent to EMLA, even with this shorter application time.*®

Vapocoolant spray

Vapocoolant sprays (primarily ethyl chloride) have been used for the treatment of myalgic pain
since the 1950s. Studies have suggested that these sprays can also provide inexpensive, rapid
and effective analgesia for short duration procedures, such as venipuncture and immunization.*
The vapocoolant can both be sprayed directly onto the skin or onto a cotton ball and then applied
to the injection site for 15 seconds. The procedure is then performed as quickly as possible while
the transient cooling effects are still present. The advantages of this technique are the rapid onset
time and the low cost. Skin reactions have been noted with agents containing ethyl chloride, but
because of the rapid evaporation of these agents, appear to be quite rare.

Infiltration of Local Anesthetics

When topical local anesthesia is not feasible because of time constraints in urgent or emergent
situations, infiltration of 1% lidocaine to an intended puncture site can significantly reduce the
pain associated with venous or arterial cannulation. Intradermal injection pain can be significantly
lessened by the use of a smaller needle, and buffering of the local anesthetic with the addition of
sodium bicarbonate (4 mL lidocaine mixed with 1 ml sodium bicarbonate). A bioinjector has also
been introduced which uses compressed CO, to inject the lidocaine rapidly beneath the skin.
Clinical experience has shown that hydration decreases the pain of local anesthesia.
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Regional Anesthesia and Analgesia
Regional anesthetic techniques are commonly used in children to decrease general anesthetic
requirements and aid in postoperative pain management. As with adults, multimodal analgesia
techniques using combinations of local anesthetics, nonsteroidal anti-inflammatory agents and
opioids provide optimal analgesia. In young children, single-shot caudal injections of local
anesthetics are easy to perform for outpatient and short-stay surgeries. Continuous epidural

analgesia via indwelling catheters can provide excellent postoperative analgesia for infants and
children of all ages undergoing more extensive abdominal and lower extremity procedures.

Procedural Sedation

As the number of nonoperative diagnostic and therapeutic procedures for children has grown,
pediatric caregivers have been searching for ways to make these procedures more acceptable to
children and their parents. The increasing use of sedatives and analgesics for children grew out
of the popularity of the use of minimal sedation (anxiolysis) in adults to make invasive procedures
more comfortable and less stressful. The development of pediatric sedation services and
institutional sedation protocols has increased both the safety and availability of sedation and
analgesia for children undergoing a number of painful procedures.

Persistent Pain in Children

Persistent pain is much less prevalent in children than adults, but episodic headaches, abdominal
pain and chest pain are seen relatively commonly in pediatric clinics. Children with chronic
medical disease (e.g., cancer, juvenile arthritis, cystic fibrosis, sickle cell anemia) can experience
a significant amount of pain associated with both their underlying disease and the procedures that
are performed to treat it. They deserve not only access to adequate pain medication, but also
psychological support to help them continue to learn and grow as they should.

Summary

Children of all ages deserve compassionate and effective pain treatment. Analgesics should be
used in effective doses, but pain and symptom management and supportive care should not be
limited to medical therapies alone. Healthcare practitioners should recognize that pain treatment
and prevention is essential even when children are too young or cognitively unable to report the
extent and severity of their pain. Fear, anxiety and even phobias can develop as a result of
painful experiences long before children can express them. Concerted efforts should be
undertaken to reduce or eliminate pain whenever possible for routine medical procedures in
children. This includes the use of topical local anesthetics for immunizations and phlebotomy, as
well as penile nerve block or EMLA prior to circumcision. Appropriate pain management services
should be available for children with chronic or recurrent pain associated with medical disease or
injury. This includes all of the current modalities for treating pain in adults, as well as sedation or
anesthesia for invasive procedures. Because of their lower pain thresholds and poor central
modulation, infants and young children often require sedation or general anesthesia in order to
undergo procedures that may be performed with minimal or no analgesia in adults.

Recommendations from the American Pain Society and the American Academy of Pediatrics:®

» Expand knowledge about pediatric pain and pediatric pain management principles and
techniques.

* Provide a calm environment for procedures that reduce distress-producing stimulation.

» Use appropriate pain assessment tools and techniques.

* Anticipate predictable painful experiences, intervene, and monitor accordingly.

» Use a multimodal approach (pharmacologic, cognitive, behavioral, and physical) to pain
management and use a multidisciplinary approach when possible.

* Involve families and tailor interventions to the individual child.

» Advocate for the effective use of pain medication for children to ensure compassionate and
competent management of their pain.
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