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Practice points

• Pharmacology alone (‘medication only’) in a large number of children with serious illness is not sufficient to
provide excellent analgesia without oversedation.

• Successful pain treatment often includes many, if not all, aspects of multimodal analgesia.
• Basic analgesia may include paracetamol/acetaminophen, ibuprofen/COX-2 inhibitors.
• Opioids (such as tramadol, morphine, oxycodone, fentanyl, hydromorphone [in UK only: diamorphine] and

especially methadone) continue to play a key role in pediatric acute pain management.
• Adjuvant analgesia may include gabapentin, clonidine, amitriptyline and lidocaine.
• Regional anesthesia may include neuraxial infusion, peripheral/plexus nerve block, neurolytic block and

intrathecal port/pump.
• Rehabilitation, a key modality in pediatric pain treatment might include exercise, physical therapy, graded motor

imagery and occupational therapy.
• Psychological modalities include therapies such as cognitive behavioral therapy and skill-based learning.
• Spirituality includes providing access to chaplain.
• Integrative (‘nonpharmacologic’) therapies include mind–body techniques such as diaphragmatic breathing,

bubble blowing, self-hypnosis, progressive muscle relaxation, biofeedback plus massage, aromatherapy,
acupressure and acupuncture.

Pain is a common distressing symptom in children receiving pediatric palliative care. Both in children with
cancer, but especially in children with progressive neurodegenerative and chromosomal conditions with
CNS impairment pain is common, and often under-recognized and undertreated. Multimodal analgesia for
children with serious illness acts synergistically for more effective pediatric pain and symptom control with
fewer side effects than a single analgesic or modality. Successful pain treatment and prevention usually
include integrative ‘nonpharmacological’ therapies, rehabilitation, psychology and spirituality in addition
to pharmacology and regional anesthesia. This review article will address these effective components
of multimodal pediatric analgesia and present starting doses of basic analgesia, opioids and adjuvants
analgesia in infants, children and adolescents with serious illness.
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More than 21 million children would benefit from a palliative care approach worldwide, with around 8 million
children 0–19 years requiring specialized pediatric palliative care (PPC) service [1]. The majority of children with
serious illnesses receiving PPC experience distressing pain. A prospective study describing self-reported outcomes
in children with advanced cancer revealed that nearly 40% of patients reported pain that was highly distressing,
with pain reported by nearly 60% of children during the end of life [2]. Though children with cancer are often
the focus in PPC research, the greatest proportion of children PPC needs are those with progressive neurologic,
metabolic or chromosomal conditions with CNS impairment. Pain in these children is common, under-recognized
and undertreated, with the majority experiencing daily pain and 22% experiencing pain nearly all the time [3].
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The majority of patients with serious illnesses experience different distinct, and at times overlapping, entities
of pain pathophysiologies. These may occur concurrently and/or subsequently, explaining the need for advanced
protocols providing multimodal analgesia. The most common pain entities PPC patients experience include acute
somatic pain, procedural pain, neuropathic pain, psycho-spiritual-emotional pain, chronic postsurgical pain and
chronic persistent pain.

Multimodal analgesia has been implemented as a successful treatment strategy in postoperative pain and sub-
sequently utilized in many other clinical scenarios such as cancer treatment, trauma care, chronic pain – among
others [4–6]. In order to advance pain treatment strategies in PPC, many experts and curricula in PPC now emphasize
the importance of multimodal analgesia. Although pharmacology remains a pillar of advanced pain treatment and
prevention in children with serious illness, it has become clear that medications alone often do not provide adequate
analgesia in a large number of infants, children and adolescents with complex conditions and PPC needs.

In fact, the paradigm shift away from ‘medications only’ toward offering multimodal analgesia to children with
serious illness experiencing pain has become a game changer. Multimodal analgesia as a concept is now integral to
state-of-the art clinical care as well as PPC curricula [7], so that children with life-limiting diseases can ‘live as long
as possible, as well as possible.’

Multimodal analgesia
Advanced multimodal therapies [6] that may be offered to children with serious illness include:

• Basic analgesia (such as paracetamol/acetaminophen, ibuprofen/COX-2 inhibitors);
• Opioids (such as tramadol, morphine, methadone);
• Adjuvant analgesia (such as gabapentin, clonidine, amitriptyline, lidocaine);
• Regional anesthesia (such as neuraxial infusion, peripheral/plexus nerve block, neurolytic block, intrathecal

port/pump);
• Rehabilitation (such as physical therapy, graded motor imagery, occupational therapy);
• Psychological and psychiatric modalities (such as cognitive behavioral therapy [CBT]);
• Spirituality (such as chaplain support);
• Integrative (‘non-pharmacologic’) therapies (such as mind–body techniques including diaphragmatic breathing,

bubble blowing, self-hypnosis, progressive muscle relaxation, biofeedback plus massage, aromatherapy, acupres-
sure, acupuncture).

Figure 1 shows the components of multimodal analgesia, with the implication that an individual child may
require one, several or all of the components listed in each circle to achieve excellent analgesia. Each of these
therapeutic options are described below, followed by commentary on the importance of preventing and treating
needle pain in children.

Identify and treat the underlying disease process
When a child or his/her caregivers seek medical care for a distressing symptom, it is important that an interdisci-
plinary healthcare team has the opportunity to conduct a thorough evaluation of the underlying disease process. A
comprehensive medical examination of the child and a detailed history of the child and his/her family are important
in developing a treatment plan that acknowledges the needs of both the child and family within the goals of care.

Basic analgesia
Basic analgesia includes the nonopioid analgesics acetaminophen (paracetamol), and nonsteroidal anti-inflammatory
drugs (NSAIDs) such as ibuprofen, naproxen or ketorolac. Acetaminophen appears to be opioid-sparing and works
synergistically with opioids at normal opioid-starting doses, however with high-dose opioids, it does not seem to
add benefit [8]. Of note, ibuprofen-sodium (available over the counter in many countries) requires only half the
dose compared with standard ibuprofen, has a far prompter onset of action (within 10 min) and its analgesic
effect lasts longer [9]. In some countries, dipyrone (metamizole, not available in the USA), is included under
basic analgesia [10]. Celecoxib (a COX-2 inhibitor) might be considered, if classical NSAIDs are contraindicated
(e.g., owing to bleeding risks or gastrointestinal side effects) [11]. However, its renal toxicity profile is likely to be
similar to classic NSAIDs, or slightly better [12]. For starting doses, see Table 1.
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Figure 1. Pediatric multimodal analgesia.
CBT: Cognitive behavioral therapy; OT: Occupational therapy; TCA: Tricyclic antidepressant.

Opioids
The most frequently used opioid and gold standard in pediatrics for moderate-to-severe persisting pain in children
with medical illnesses remains morphine [13]. Other equally effective ‘strong’ opioids include fentanyl, hydromor-
phone and oxycodone (or diamorphine in the UK). A switch from one opioid to another is often accompanied by
a change in the balance between analgesia and side effects [14]. Opioid-associated side effects (e.g., constipation,
pruritus and nausea) should be anticipated and treated accordingly. For recommended opioid-starting doses, see
Tables 2 and 3.

Two potentially effective multi-mechanistic opioids include the ‘weak’ tramadol (for mild–medium pain) and
the ‘strong’ multi-mechanistic analgesic methadone (for medium–severe pain) [15]. Tramadol appears to play a key
role not only in outpatient surgery (e.g., >6000 pediatric tramadol scripts were filled at Children’s Minnesota in
2018 in part due to its relative respiratory safety profile), but in treating episodes of inconsolability (caused by
acute, neuropathic and/or visceral pain) in children with progressive neurologic, metabolic or chromosomally based
conditions with impairment of the CNS. Despite these benefits, the US FDA issued a warning against pediatric
use of tramadol that does not seem to be based on clinical evidence, as only three children have died worldwide
in 49 years, therefore making it far safer than any other opioid. Unfortunately, this warning may place children at
greater risk for unrelieved pain and other distressing symptoms [15].

Methadone, due to its multimechanistic action profile, is possibly the most effective and most underutilized
opioid analgesic in children with severe unrelieved pain in the context of PPC [15–18]. However, methadone should
not be prescribed without proper training about dosing and potential side effects. Prescribing clinicians should
closely observe the child for potential side effects from the time he or she receives the first dosed and following
medication changes such as tapering, titration or adding other potentially sedating medications.
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Table 1. Basic analgesia for children older than 6 months.
Medication (route of
administration)

Pediatric dose Maximal dose Dosing interval Comment

Acetaminophen/paracetamol

Acetaminophen/paracetamol
(po./pr.)

10–15 mg/kg – 6–24 months = 60 mg/kg per
day
– �2 years: 90 mg/kg per day
(max. 650 mg Q6h)

Q6h

Acetaminophen/paracetamol
(iv.)

�10 kg = 7.5 mg/kg 30 mg/kg per day Q6h Due to high price only if enteral rectal or
oral administration contraindicated;
re-evaluate daily

1–2 years = 15 mg/kg 60 mg/kg per day Q6h

�2 years
(�50 kg) = 15 mg/kg

75 mg/kg per day Q6h

�13 years
(�50 kg) = 1000 mg

4000 mg/day Q6h

NSAIDs

Ibuprofen (po.) 5–10 mg/kg 400–600 mg/dose (2400 mg/day) Q6h

Ibuprofen-sodium (po.) 256 mg
tablet = 200 mg ibuprofen

5–10 mg/kg 200-400 mg/dose Q6h Fast acting, compared with regular
ibuprofen: onset after 10 min, last longer
and only half the dose required

Ketorolac (iv.) 6–24
months = 0.25 mg/kg

30 mg/dose Q6h Recommend dosing no longer than 5 days

�2 years = 0.5 mg/kg 30 mg/dose Q6h Recommend dosing no longer than 5 days

Naproxen (po.) 5–6 mg/kg 250–375 mg/dose Q12h

COX-2 inhibitor

Celecoxib (po.) 1–2 mg/kg 100 mg Q12–24h If classic NSAIDs contraindicated; safety and
efficacy has been established only in
children 2 years of age or older and for a
maximum of 6 months of treatment in JRA

iv.: Intravenous; JRA: Juvenil rheumatoid arthritis; NSAID: Nonsteroidal anti-inflammatory drug; po.: By mouth (or enterally via gastric/jejunal tube); pr.: Rectally; Q6h: Every 6
h; Q8h: Every 8 h; Q12h: Every 12 h; Q12–24h: Every 12–24 h.
C© S Friedrichsdorf.

Calculated breakthrough (or ‘rescue’ or ‘prn.’) dose
Example: A 5-year-old boy with 17 kg will be started on morphine due to severe tissue injury (e.g., cancer pain,
trauma, postoperative pain, etc.). Using Table 2:

• 17 kg × 0.3 mg po. = 5.1 mg by mouth every 4 h = 30.6 mg/day; or alternatively
• 17 kg × 0.1 mg iv. = 1.7 mg intravenously every 4 h = 10.2 mg/day.

In addition to the scheduled dose, this child will require a breakthrough dose to titrate to effect (if the starting
dose is not sufficient) and/or for breakthrough pain, which are exacerbation of severe pain that occurs over a
background of otherwise controlled pain [19,20].

In pediatrics, a breakthrough dose is usually 10% of the total daily dose (lower, but may be administered more
often, e.g., every 1–2 h as needed) compared with adults where one out of six (or 16%) represents a higher dose,
often administered less often, for example, every 4 h as needed.

In above example, 10% of the total daily dose would represent (rounded) 1 mg iv. (or 3 mg po.) every 1–2 h,
with the understanding that once the patient requires about three or more breakthrough doses in less than 24 h,
the prescribing service needs to be informed to consider adjusting the analgesia treatment.

Adjuvant analgesia
Adjuvant analgesics are medications that, when added to primary analgesics, further improve pain control. Occa-
sionally, they may also act as primary analgesics. See Table 4 for starting doses.

Gabapentin (alternative: pregabalin) is likely the most commonly used adjuvant analgesic in PPC, especially for
children with feeding intolerance, visceral hyperalgesia and/or neuroirritability. Side effects include lethargy, ataxia,
nystagmus, dizziness, thought disorder, hallucinations, headache, peripheral edema and myalgia; these side effects
appear to be mitigated by slow dose escalation [21,22].
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Table 2. Opioid-starting doses for children with acute pain older than 6 months.
Medication (route of
administration)

Pediatric dose Maximal dose Dosing interval Comment

Partial μ-receptor agonists (‘weak opioid’)

Tramadol (po., sl., pr.) 0.5–1 mg (max.
2 mg/dose)

25–50 mg (max.
100 mg)/dose

Q4–6h Analgesic ceiling effect: max. 8 mg/kg per day (�50 kg:
max. of 400 mg/day)

Full μ-receptor agonists (‘strong opioid’)

Morphine (po., sl., pr.) 0.15–0.3 mg/kg 7.5–15 mg/dose Q4h

Morphine (iv., sc.) 0.05–0.1 mg/kg 2.5–5 mg /dose Q4h

Oxycodone (po., sl., pr.) 0.15–0.3 mg/kg 7.5–15 mg/dose Q6h Oxycodone can be administered every 6 h due to longer
half-life; alternatively may be given every 4 h: 0.1–0.2 mg
Q4h (max. 5–10 mg Q4h)

Fentanyl (iv., sc., sl., transdermal,
buccal)

0.5–1 μg/kg 25–50 μg N/A Due to short half-life, consider starting continuous infusion
0.5–1 μg/kg/h (max. 50 μg/h), if scheduled analgesia
required

Hydromorphone (po., sl., pr.) 40–60 μg/kg 2000–3000 μg
(= 2–3 mg)

Q4h

Hydromorphone (iv., sc.) 10–20 μg/kg 0.5–1 mg Q4h

Multi-mechanistic full μ-receptor agonists (‘strong opioid’)

Methadone (po., pr., sl.) 0.05–0.1 mg/kg 2.5–5 mg Q8–12h Methadone should not be prescribed by those unfamiliar
with its use. Its effects should be closely monitored for
several days, particularly when it is first started and after
any dose changes

Methadone (iv., sc.) 0.04–0.08 mg/kg 2–4 mg Q8–12h Whereas in pediatrics due to high bioavailability about 80%
of the enteral dose appears to be the equianalgesic iv. dose
(e.g., 1 mg po. = 0.8 mg iv.), adult recommendations suggest
50% conversion (e.g., 1 mg po. = 0.5 mg iv.)

Dosing range: younger children with smaller pain start on the lower end of the range, older children with severe pain start on the higher end of the dosing range; doses will
then be titrated to effect. Maximum per kg dose capped at 50 kg bodyweight. For strong opioids: Rescue (‘breakthrough’ or ‘prn.’) dose = 10% of total daily dose.
iv.: Intravenous; po.: By mouth (or enterally via gastric/jejunal tube); pr.: Rectally; prn.: As-needed; Q4h: Every 4 h; Q6h: Every 6 h; Q8–12h: Every 8–12 h; sc.: Subcutaneous;
sl.: Sublingual.
C© S Friedrichsdorf.

Table 3. Starting doses for patient (or nurse)-controlled analgesia pumps for children in acute pain older than 6 months.
PCA dose Max. PCA dose (for

patients >50 kg)
Continuous infusion
(basal rate)

Max. continuous infusion
(for patients >50 kg)

Lock-out time Number of max. boluses

Morphine

10–20 μg/kg 500–1000 μg (= 0.5–1 mg) 10–20 μg/kg/h 500–1000 μg
( = 0.5–1 mg)/h

5–10 min 4–6 boluses/h

Fentanyl

0.5–1 μg/kg 25–50 μg 0.5–1 μg/kg/h 25–50 μg/kg/h 5–10 min 4–6 boluses/h

Hydromorphone

2–4 μg/kg 100–200 μg 2–4 μg/kg/h 100–200 μg/kg/h 5–10 min 4–6 boluses/h

Dosing range: younger children with smaller pain start on the lower end of the range, older children with severe pain start on the higher end of the dosing range. Doses will then be
titrated to effect with escalation usually in 33–50% increments both for continuous and PCA bolus dose. PCA dose usually = continuous infusion (might differ in individual patients).
Maximum per kg dose capped at 50 kg bodyweight. Consider adding low-dose naloxone infusion 0.5–2 μg/kg/h (max. 25–100 μg/h) to treat potential opioid-induced side effects, such
as pruritus, nausea, constipation, urinary retention, hallucinations, etc.
PCA: Patient (or nurse)-controlled analgesia.
C© S Friedrichsdorf.

Alpha-2-adrenergic agonists, such as clonidine or dexmedetomidine, can be a particularly effective adjuvant
analgesics for both nociceptive and neuropathic pain [23–25]. Clonidine can be given orally or transdermally or
delivered intraspinally (some centers administer it intravenously). Side effects include lethargy, dry mouth and
hypotension. Dexmedetomidine can also be an effective adjuvant, leading to opioid-sparing. However, its use is
occasionally limited by side effects of hypotension and bradycardia, leading most institutions to restrict its use to
intensive care units.

Tricyclic antidepressants (TCAs): such as amitriptyline or nortriptyline do not appear superior to gabapentinoids
in their analgesic potential, though they are often prescribed as first-line adjuvants, because they require a single

future science group www.futuremedicine.com 587



Review Friedrichsdorf & Postier

Table 4. Adjuvant analgesia for infants, children and adolescents.
Medication (route of
administration)

Pediatric dose Max. dose (for patients
>50 kg)

Dosing interval Comments/side effects

Gabapentinoids

Gabapentin (po.) 6 mg/kg (titrated up to
24 mg/kg)

300 mg (titrated up to
1200 mg) TID

TID – In school children may start at lower doses to
reduce risk of initial sedation
– Can not be administered rectally (missing active
transporter = no absorption)
– Infants �1 year: 4.5 mg/kg per dose Q6h (titrated
to effect to max. of 18 mg/kg per dose)

Pregabalin (po.) 1 mg/kg (titrated up to
6 mg/kg)

50 mg (titrated up to
300 mg) BID

BID – Rotation from gabapentin, if distressing side effects
or inadequate analgesia
– Can not be administered rectally (missing active
transporter = no absorption)
– In school children may start at lower doses to
reduce risk of initial sedation
– No data for infants

Alpha-agonists

Dexmedetomidine (iv.) 0.2 (titrate to max. 2)
μg/kg/h

10 (titrated to max.
100) μg/h

Continuous
infusion

Clonidine (po., transdermal) 1–3 μg/kg 50–150 μg Q4–6h – Transdermal application usually 1:1 conversion to
total daily enteral dose

NMDA channel blocker

Low-dose ketamine (iv.) 1 μg/kg/min
(= 60 μg/h; titrated to
5 μg/kg/min
[= 300 μg/h])

3 mg/h (titrated to
15 mg/h)

Continuous
infusion

– Conversion to po. ketamine 1:1 (i.e., divide total
daily dose by six and administer Q4h prn. or
scheduled)

TCAs

Amitriptyline (po.) 0.1 mg/kg (titrated to
max. 0.5 mg/kg)

5 mg (titrated to max.
25 mg)

QHS – Despite the name, medication not potent as an
antidepressant
– Consider EKG to rule out QTc-prolongation
– Tertiary amine TCA; stronger anticholinergic side
effects (including inducing sleep) than nortriptyline
– For infants �3 months

Nortriptyline (po.) 0.1 mg/kg (titrated to
max. 0.5 mg/kg)

5 mg (titrated to max.
25 mg)

QHS – Despite the name, medication not potent as an
antidepressant
– Consider EKG to rule out QTc-prolongation
– For infants �3 months

BID: Twice per day; EKG: Electrocardiogram; iv.: Intravenous; NMDA: N-methyl-D-aspertate; po.: By mouth (or enterally via gastric/jejunal tube); pr.: Rectally; prn.: As-needed;
Q6h: Every 6 h; Q8h: Every 8 h; Q12h: Every 12 h; Q12–24h: Every 12–24 h; QHS: Once at night; TCA: Tricyclic antidepressant; TID: Three-times per day.
C© S Friedrichsdorf.

evening dose compared with three doses per day for gabapentin. Because of their sedative properties, TCAs can
also help improve insomnia.

Ketamine can be effective in the treatment of pediatric neuropathic and acute pain in subanesthetic doses
both alone or in combination with opioids [26,27]. Ketamine is unique among anesthetic agents in that there is
little to no risk of respiratory or cardiovascular depression or other side effects that may be seen with higher
doses (e.g., nystagmus, lacrimation, tachycardia, altered sensorium). Low-dose ketamine has been associated with
a reduced need for opioids in the PPC/end-of-life context, and it has a rapid onset of action compared with
commonly prescribed adjuvants (e.g., antidepressants). A normal starting dose of the racemic (S/R) ketamine
would be 1 μg/kg/min (or 60 μg/kg/h) maximum (for patients >50 kg) of 3 mg/h. In our practice we titrate up
to 5 μg/kg/min (or 300 μg/kg/h) maximum (for patients >50 kg) of 15 mg/h. Adverse effects such as intracranial
hypertension, tachycardia, psychotomimetic phenomena (euphoria, dsyphoria, vivid hallucinations) are rare at
these low doses. An as-needed dose of a benzodiazepine (some centers schedule this medication) might be given in
case of side effects. In countries where S-ketamine is available (not in the USA), the above doses can be reduced by
about 40–50%. It has the advantage of not affecting respirations.

Glucocorticosteroids, such as dexamethasone or prednisolone, are potent anti-inflammatory agents useful in
treating both nociceptive and neuropathic pain. In pediatric cancer, they can be useful in reducing inflammation
and tumor-related edema, which can in turn relieve pressure on nerves or the spinal cord. Glucocorticosteroids
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Table 5. Analgesia for neonates and infants 0–6 months of age.
Drug Route Pediatric dose (age) Maximal dose Dosing interval

Basic analgesia

Ibuprofen† po. 5–10 mg/kg (infants 3–6 months) 40 mg/kg per day 6–8 h

Acetaminophen po., pr. 5–10 mg/kg (neonates 0–30 days)
10 mg/kg (infants 1–3 months)
10–15 mg/kg (infants 3–6 months)

20–40 mg/kg per day
40 mg/kg per day
40–60 mg/kg per day

4–6 h (maximum 4
doses/day)

Acetaminophen‡ iv. �10 kg = 7.5 mg/kg 30 mg/kg per day 6 h

Opioids

Morphine po./pr./sl. 0.075–0.15 mg (neonates 0–30 days)
0.08–0.2 mg (infants 1–6 months)

6 h
4–6 h

Morphine§ iv./sc.¶ 0.025–0.05 mg/kg (neonates 0–30 days)
0.1 mg/kg (infants 1–6 months)

Infusion (with PCA bolus of same dose):
0.005–0.01 mg/kg/h (neonates 0–30 days)
0.01–0.03 mg/kg/h (infants 1–6 months)

6 h
6 h

Fentanyl§ iv./sc.¶ 1–2 μg/kg (neonates and infants 0–12 months)

Infusion (with PCA bolus of same dose):
0.5–1 μg/kg/h (neonates and infants 0–6 months)

2–4 h

Oxycodone po./pr./sl. 0.05–0.125 mg/kg (infants 1–6 months) 4 h

†For infants �3 months, consult pain service.
‡Only if rectal or oral administration contraindicated; re-evaluate daily.
§The intravenous doses for neonates are based on acute pain management and sedation dosing information. Lower doses are required for nonventilated neonates.
¶Administer iv. slowly over at least 5 min.
iv.: Intravenous; PCA: Patient (or nurse)-controlled analgesia; po.: By mouth (or enterally via gastric/jejunal tube); pr.: Rectally; sc.: Subcutaneous; sl.: Sublingual.
Data taken from [13].

may also reduce pain and pressure associated with malignancies, such intracranial pressure from a brain tumor or
decreasing obstruction of a hollow viscus.

Lidocaine: sodium-channel blockers, such as intravenous or subcutaneous continuous lidocaine infusion, appear
to be effective in a subgroup of children with complex neuropathic pain [28,29]. One small study of children with
neuroblastoma found lidocaine to be effective after anti-GD2 antibody therapy [30]. Dosing recommendations for
lidocaine for neuropathic pain include 1 mg/kg over 5 min or 2 mg/kg over 30 min, followed by 1 mg/h with
a goal of reaching 2–5 μg/ml [31]. Side effects of intravenous lidocaine are rare and dose-related, and include
numbness around the mouth, dizziness, slurring of speech, hallucinations, muscle twitches and seizures [32]. For
localized pain, lidocaine patches may be cut to fit. Lidocaine patches are not recommended for children with severe
hepatic dysfunction, and side effects include potential for skin irritation and redness.

Cannabinoids: cannabis and medical marijuana (including cannabidiol and tetrahydrocannabinol) lack any
evidence to support its use for acute or chronic pain [33,34]. The updated American Academy of Pediatrics policy
opposes marijuana use [35], citing lack of research and potential harms including correlation with mental illness [36],
testicular cancer [37–39], decline in IQ [40,41] and increase risk of addiction [42]. In our clinical practice, we do not
support the use of marijuana (or medical cannabis) for a child with a primary pain disorder and a normal life
expectancy. However, in children with life-limiting conditions, the administration of medical cannabis is often
requested by patients and their parents, and certainly may be considered on a case-by-case basis. It is important to
watch carefully for side effects (including pancreatitis, psychosis, etc.).

Analgesia for neonates & infants
For starting doses of analgesics in children younger than 6 months, see Table 5.

Integrative (nonpharmacological) treatment modalities
Integrative medicine (sometimes called complementary or alternative medicine) modalities that have shown to
be effective in treating and preventing pediatric pain include deep breathing, biofeedback, self-hypnosis, yoga,
acupuncture and massage [43–53]. Active mind–body techniques, such as guided imagery, hypnosis, biofeedback,
yoga and distraction, may result in pain reduction through involvement of several mechanisms simultaneously
within the analgesic neuraxis.
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Relaxation therapy might include progressive muscle relaxation that is used to help patients recognize and lower
body tension associated with pain and anxiety. Children can be taught how to tense and relax different muscle
groups in a relaxed and quiet setting, or to visualize a happy or peaceful scene and reduce body tensions that way.

Hypnosis as applied in pediatric pain management involves an altered state of awareness and increased im-
pressionability that fosters subconscious changes in a child’s perception and experience of pain. In hypnosis, the
clinician ‘enters the child’s world’ in a sense, with the child’s imagination serving as the driving force in promote
therapeutic change. When a child is in a trance-like state, he or she has an opportunity to address his/her distressing
symptoms based on suggestions by the clinician, which in turn may result in altered pain sensations, perceptions
and increased comfort [54]. Teaching hypnosis to children and adolescents is an extremely versatile skill, which can
be acquired by pediatric clinicians through formalized training workshops and practice [55]. Hypnosis would not
be indicated for a child where dissociation could worsen the clinical status, such in a state of psychosis, delirium.

Cognitive and behavioral methods include comfort measures such as pacifiers, massage, touch, music; distraction
methods such as bubbles, counting, toys, video games; suggestion methods such as magic glove or magic blanket
techniques; breathing techniques such as patterned, shallow or deep breathing; guided imagery; muscle relaxation
and hypnosis. A counseling relationship that supports coaching and problem solving is an important component
of these approaches.

Biofeedback is a method of treatment for pain reduction that most commonly involves the use of computer
monitors to transmit physiological information to children in ways that they normally unaware. During biofeedback
sessions led by trained instructors, children can learn to adjust their thinking and other mental processes in order
to control ‘involuntary’ bodily processes such as blood pressure, temperature, gastrointestinal functioning and
brain wave activity. Biofeedback has been used successfully in the context of pain treatment and prevention in
children [53,56].

Transcutaneous electrical nerve stimulation (TENS) can be used independently or with other pain treatment
modalities. TENS uses stimulation pulses delivered to skin electrodes around the area of pain. Electrical stimulation
delivered by TENS units results in pain reduction through nociceptive inhibition at the presynaptic level, resulting
in limited central pain transmission. When the TENS unit activates low-threshold, myelinated nerve fibers, the
afferent input from these fibers prevents nociception from being carried by the small, unmyelinated C fibers, The
happens through a mechanism that involves blocking transmission along these fibers to the target or T cells located
in the dorsal horn [57,58]. The TENS unit is compact, portable and easily managed by many children.

Acupressure or acupuncture is an approach based on traditional Chinese medicine and has been used for pediatric
pain management for thousands of years. Its analgesic utility is well documented [59].

Psychological & psychiatric interventions
Anxiety, depression and behavioral disorders are early risk factors for chronic pain in children and adolescents [60].
At low levels of anxiety, higher pain is predictive of greater disability; however, highly anxious adolescents tend to
function poorly regardless of level of pain [61]. Psychological interventions such as CBT have been shown to reduce
child- and adolescent-reported pain intensity in headaches, abdominal pain and musculoskeletal or joint pain [62,63].
CBT has been associated with improvements in pediatric chronic pain coping, reduction in pain catastrophizing and
treatment efficacy that is sustainable over time [64]. CBT may also increase the amount of prefrontal cortical grey
matter in patients with chronic pain, which has been associated a reduction in pain catastrophizing [65].

The integration of effective collaboration between child psychiatry and PPC provides opportunities for enhanced
care of children and families with co-morbid mental health issues and serious illness [66]. Screening tools might
include assessment tools for anxiety and depression, including the Ask Suicide Screening Questions [67]. A detailed
review of mental health screening and assessment tools from the American Academy of Pediatrics is available [68].

Physical therapy/rehabilitation
Physical therapy and exercise are key modalities in the treatment of patients with chronic pain and primary pain
disorder, including in children with serious illness [69–76]. Patients with chronic pain usually have a lower physical
activity level [77] and physical activity has been shown to reduce the risk for depression [78]. Graded motor imagery,
including mirror therapy, is the process of thinking about moving without actually moving, and has been shown
especially effective in children with serious illness [79].
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Spirituality
Religion, spirituality or life philosophy play an important role in the life of most parents whose children receiving
PPC [80] and screenings tools, such as FICA (faith and belief, importance, community, address in care), have been
successfully implemented into clinical PPC. A link between spiritual coping and quality of live in adolescents with
serious illness has been described [81,82].

Regional anesthesia
Unfortunately, the majority of PPC patients with pain due to tissue injury do not receive one of the most effective
analgesic modalities that has the fewest side effects: regional or neuroaxial anesthesia [83–88]. When tissue injury of
an extremity or the trunk requires hospitalization, such as tumor pain, the expected standard of care is to ensure
assessment of the infant, child, adolescent, by an anesthesiologist for potential use of regional anesthesia. Blocking
pain nociception using a local anesthetic such as bubivacaine, in some cases in conjunction with an opioid and/or
alpha-agonist, can provide complete analgesia without any of the opioid-induced side effects. Pain pathways can be
blocked when anesthesiologists trained in regional anesthesia utilize central neuraxial infusions, peripheral nerve
and plexus blocks or infusions, or neurolytic blocks [89]. For some patients, implantable intrathecal baclofen ports
and pumps, opioids, local anesthetics and other adjuvants might be considered.

Benefits of regional anesthesia include [90]: significantly reduced or eliminated need for opioids; no systemic side
effects; no sedation; no nausea; minimal side effects with epidural (itching, urinary retention); improved gastroin-
testinal motility; fewer postoperative cardiac arrhythmias; significantly reduced pulmonary complications; signifi-
cantly reduced incidence of delirium; improved mobility that reduces rates of deep vein thrombosis; high patient
satisfaction and the opportunity for the patient to be awake and able to remember conversations with clinicians
and family. There is evidence that regional anesthesia reduces development of chronic pain and phantom pain [90].

Because the nociceptive nerves cannot be numbed independent of the nerves that receive local anesthesia, there
are side effects such as motor weakness, hypotension, pruritus or urinary retention [90]. If the patient experiences
breakthrough pain through a low continuous infusion of the local anesthetic, a patient-controlled analgesia bolus
will allow the patient to give him- or herself additional local anesthetic medication as needed (patient-controlled
regional analgesia). Similar to opioid patient-controlled analgesia, the patient can use their patient controlled
regional analgesia button for breakthrough pain, but without the side effects opioids may cause. Patients can also
be sent home with a nerve block catheter, connected to a disposable pump or one that is returned to the hospital.
There are no opioids in the infusion, eliminating misuse potential. That may lead to fewer adverse events, including
sedation, delirium, sleep disturbances and opioid-induced hyperalgesia.

Prevention & treatment of needle pain
Children with complex illness and PPC needs are frequently exposed to medical procedures that require the use of
needles for diagnostic or treatment purposes. In addition to the importance of recognizing the potential benefits
of using a multimodal approach to pain management, it is critical that all healthcare providers make every effort
to prevent unnecessary needle pain in this vulnerable population. Untreated needle pain, caused by procedures
such as blood draws, injections, venous cannulation – among others, can have long-term consequences including
needle phobia, preprocedural anxiety, hyperalgesia and avoidance of healthcare, resulting in increased morbidity
and mortality. Current evidence strongly suggests that four-bundled modalities should be offered for elective needle
procedures in order to reduce or eliminate pain experienced by children [91,92]. The practice of offering four simple
steps (and not just some of them) for all needle procedures for all children is now being implemented systemwide
in children’s hospitals and pediatricians’ offices on several continents [91,93].

• Topical anesthesia (‘numb the skin’) for children 36 weeks corrected gestational age and older. Topical anesthetics
include 4% lidocaine cream, EMLA (lidocaine 2.5% and prilocaine 2.5%) cream or needle-free lidocaine
application via a J-tip R© (sterile, single-use, disposable injector uses pressurized gas to propel medication through
the skin) [94,95];

• Sucrose or breastfeeding for infants 0–12 months [96–99];
• Comfort positioning (i.e.,‘do not hold children down’). Restraining children for procedures is never supportive,

creates a negative experience and increases anxiety and pain [100]. For infants, facilitate skin-to-skin contact with
parents or consider swaddling, warmth or facilitated tucking. For children 6 months and older, offer sitting
upright with parents holding them on their laps or sitting nearby;
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• Age-appropriate distraction [101], such as toys, books, blowing bubbles or pinwheels, stress balls and using apps,
videos or games on electronic devices.

Conclusion
The effective prevention and treatment of pain in children and teenagers with life-limiting diseases often re-
quires intensive multimodal pain control. Safe multimodal analgesia [6] may include any combination of the
following approaches: pharmacology; anesthetics; rehabilitation interventions; psychology and age-appropriate
integrative therapies. In 2019, it is simply inappropriate and unethical to perform elective painful procedures
(e.g., wound-dressing changes, blood draws, intravenous cannulations, injections, lumbar punctures) in children
without implementation of evidence-based treatments to avoid or minimize pain.

Future perspective
The prevention and treatment of pain and distressing symptoms of children with serious illness to date is not part of
the training of young clinicians. The hope is that more medical schools, nursing schools and postgraduate training
programs, such as residency programs, will start to emphasize this training to change clinical practice at the bedside
for suffering children and their families.
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