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INTRODUCTION
Each physician has their preferred postoperative pain
management regimen for their adult patients, however,
managing pediatric perioperative pain is not as simple as
lowering the adult dosage. Historically, there has been a
misconception among health professionals that children
experience less severe pain than adults, which has led to
their undertreatment of postoperative pain. Therefore, it is
paramount to take a multimodal approach to perioperative

Figure 1. Pain management strategy.

pain management including regional anesthesia, appropriate
pain assessment, opioid and nonopioid analgesics, and
nonpharmacologic methods, (Figure 1). Using these
strategies, the goal is to achieve proactive symptom relief that
will allow them to return to daily activities and rehabilitation
while minimizing adverse effects such as respiratory
depression. We will discuss multiple options for pediatric
perioperative pain management and dosage guidelines for
analgesics commonly used in podiatric surgery.
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PAIN ASSESSMENT
Behavioral and physiological signs, in conjunction with a
child’s self-report of pain are necessary for accurate pain
assessment as well as using an age and context appropriate
pain assessment tool. Due to potential under-evaluation it is
important to give the analgesic on a scheduled time frame
in order to stay ahead of the pain and diminish the child’s
ability to feel severe pain. It has been made increasingly
clear that early life pain and surgery can produce long-term
changes in sensory processing and future pain responses.
At all ages, effective analgesic management needs to extend
beyond the immediate perioperative period and should also
include pain management at home. With reports that despite
the fact that most children receive postoperative analgesic,
they still report moderate to severe levels of pain, therefore
an aggressive and proactive pain management plan is
necessary to overcome the historic undertreatment of pain.
This plan should include a multi-modal approach including
regional anesthesia, nonpharmacologic interventions, and
pharmacologic interventions.

REGIONAL ANESTHESIA
Up to 75% of pediatric patients who underwent outpatient
procedures reported inadequate analgesia. Therefore,
regional anesthesia becomes paramount in immediate
postoperative pain management. If left untreated, pain
can cause physiological, psychological, and financial tolls.
Regional blocks are an attractive option because they maintain
normal ventilatory control during surgery, furthermore
they are safe and effective. One main concern for regional
anesthesia is its safety in the pediatric population, however,
this concern has faded with the results of multiple large-scale
studies showing no instances of total paralysis or other major
complications. Polaner et al found no instances of death or
sequelae over 3-months from complications based on over
90,000 peripheral nerve blocks recorded in the Pediatric
Regional Anesthesia Network (PRAN) database (1). The
PRAN database is the first internet-based continuous audit
of practice trends and complication rates in children. From
the information derived from this database, Taenzer et al
went on to conclude that the placement of blocks under
general anesthesia is as safe as placement while children are
sedated or awake (1).

Caudal Neuraxial Blockade
The caudal neuraxial blockade is the gold standard for
regional anesthesia in children due to its ease of mastery and
reliability for subumbilical surgery. The inherent concerns
for this type of blockade are the incidence of increased
intracranial pressure. Keplinger et al found that caudal
blocks can be performed safely in larger children (30-50 kg)

with the stipulation that the local anesthetic must have a
suboptimal plasma concentration (2).

Continuous Peripheral Nerve Blocks (CPNB)
CPNB are used for patients who are expected to undergo
an inordinate amount of postoperative pain, have painful
physical therapy sessions or have complex regional pain
syndrome. CPNBs are performed by inserting a perineural
catheter, which significantly extends the block duration
compared to peripheral nerve block alone. Until recently,
CPNBs have been avoided in children due to the risk of
neuraxial damage, however, the feasibility has been tested
and found that children experienced lower pain scores and
required less opioids in the recovery setting (3). With the
utilization of ultrasonography the reliability of CPNBs has
become mainstream, however, the complication rates prove
to be their downfall. Therefore, CPNBs should not be the
only line of attack on pediatric pain management.

Proximal Sciatic Nerve Block
The landmarks for locating the sciatic nerve extend from the
apex of the popliteal triangle and are joined at the midpoint
of the line joining the greater trochanter and the ischial
tuberosity. This is divided into 3 equal parts. The junction
of the proximal two-thirds with the distal one-third of this
line represents the middle of the biceps femoris muscle. A
Touhy needle is introduced at the point perpendicular to
the thigh with the bevel pointing proximally. This block can
also be performed with the patient supine after the front of
the thigh is painted and draped. The block is performed 1
cm lateral and below the femoral pulsations felt below the
inguinal ligament. Usually this type of blockade is performed
in children under the age of 5. Lakshmi et al studied
physiological response during surgery by measuring heart
rate, response to tourniquet pressure and incision during
surgery. They found that less than 2% of subjects out of 131
had an elevated heart rate, no patients responded to the
tourniquet and about 11% of children responded to a medial
ankle incision. They concluded that this type of nerve block
is efficacious and safe to administer in children (3).

Popliteal Fossa Nerve Block
The block is placed approximately 1-2 cm superior from
where the sciatic nerve splits into the common peroneal
nerve and the tibial nerve. A needle is placed in the same
plane as the transducer of an ultrasound, the needle should
enter the skin at a 45 to 60 degree angle with the skin
surface (4). The sciatic nerve can be located just medial to
the biceps femoris fascial sheath and local anesthetic can
be infiltrated in this area. The biceps femoris tendon is an
excellent anatomic landmark for the infiltration of regional
anesthesia for the sciatic nerve. It has been published that
the use of popliteal nerve blocks can decrease the amount of

CHAPTER 8

narcotic administration, decrease postoperative nausea, and
decrease the length of hospital stays for pain management
following foot and ankle surgeries.

PHARMACOLOGIC MANAGEMENT
Pharmacologic management has historically been the
mainstay of postoperative pain management and can be in
the form of non-opioid analgesics, opioid analgesics and
anti-inflammatory drugs. Typically used analgesics for the
pediatric postoperative patient are listed in Table 1.

Non-Opioid Analgesics
Acetaminophen is an antipyretic medication with a weak
analgesic effect by blocking central prostaglandin synthesis,
reducing substance P-induced hyperalgesia, and modulating
the production of hyperalgesic nitric oxide in the spinal cord.
This medication can be administered safely with a dose of
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15 mg/kg for children every 4-6 hours without exceeding
a maximum dose of 100 mg/kg for children; 75 mg/kg for
infants; and 60 mg/kg for term and preterm neonates.
Acetaminophen has been used successfully in children in
the perioperative timeframe and may be just as effective than
opioids. Swanson et al retrospectively evaluated 217 children
with a mean age of 5.37 years who underwent supracondylar
fracture surgery who were either given acetaminophen or
narcotics. They found no significant difference between pain
scores of the 2 cohorts, and noted narcotics were associated
with more side effects than acetaminophen. They concluded
that acetaminophen should exclusively be used for pain
control after supracondylar fracture surgery in children (6).
It has yet to be tested whether this study’s findings can be
extrapolated to podiatric surgery; however the results show
that narcotics are no better than acetaminophen alone in
managing surgical pain in the pediatric population.
Nonsteroidal anti-inflammatory drugs (NSAIDs) have

Table 1. Medication Dosing Regimen
Drug

Dosing

Acetaminophen

Major Formulations

10-15 mg/kg/dose every 4-6 hours as
needed (max = 75 mg/kg/day up
to 4 g in 24 hrs)
		
		
		
		

Chewable Tablet (80 mg)
Oral Disintegrating Tablet
(80 mg, 160 mg)
Solution (160 mg/mL)
Suppository
(80 mg, 120 mg, 325 mg, 650 mg)
Tablet (325 mg, 500 mg)

Ibuprofen

Capsule (200 mg)
Chewable Tablet (100 mg)
Suspension (100 mg/5mL)

4-10 mg/kg/dose every 6-8 hrs as
needed (max is 400 mg/dose and
40 mg/kg/day up to 1600 mg/day

		
Codeine
0.5 – 1.0 mg/kg/dose every 4-6
hours as needed (Max = 60 mg/dose)
		
		
		

Tablet (100 mg, 200 mg, 400mg)
Codeine Sulfate Tab
(15 mg, 30 mg, 60 mg)
Codeine/Acetaminophen Tab
(15 mg/300 mg, 30 mg/300 mg,
60 mg/300mg)

Hydrocodone/Acetaminophen

<50 kg: 0.1-0.2 mg/kg/dose every
4-6 hours as needed
>50 kg: 5-10 mg every 4-6 hours
as needed

Elixir (10-300 mg/15 mL)
Solution (7.5-325 mg/15 mL)
Tablet (5-325 mg, 7.5-325 mg,
10-325 mg)

Oxycodone

<50 kg: 0.1-0.2 mg/kg/dose every
4-6 hours as needed (Max = 5-10
mg/dose)
>50 kg: 5-10 mg every 4-6 hours
as needed

Capsule (5 mg)
Solution (5 mg/5 mL)
Tablet (5 mg, 10 mg)

Tramadol

1-2 mg/kg/dose every 4-6 hours as
needed (Max = 100 mg/dose)
		
		

Tablet (50 mg)
Suspension (10 mg/mL)
Tramadol w/ Acetaminophen
Tab: 37.5 mg/325 mg)
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been widely used to reduce pediatric postoperative pain.
NSAIDs work by inhibiting cyclooxygenase, thus reducing
the production of prostaglandins at the site of tissue injury and
diminishing the inflammatory cascade. Specifically speaking
the COX-1 enzyme is present in the brain, gastrointestinal
tract, kidneys, and platelets; it preserves the gastric mucosal
integrity, results in platelet aggregation, and helps with
renal perfusion. If this enzyme is blocked it may cause
injury to the gastric mucosa, a decrease in renal perfusion,
and result in platelet dysfunction. It has been postulated
that selective COX-2 inhibitors have less of an effect on
the gastric mucosal function and fewer effects on platelet
aggregation and would be a better option in the pediatric
population. Diclofenac is therefore an excellent option in
the pediatric patient population with a pediatric dose of
1 mg/kg every 8 hours orally, rectally, or intravenously.
Ketorolac is the only intravenous formulation of an NSAID
in the US and can be used in the pediatric population at a
dosage of 0.5 mg/kg. The practitioner should be aware that
the onset of action takes 20-30 minutes. Caution should be
used when prescribing Ketorolac with any boney procedure
as decreased bone repair is a side effect.

Opioids
Opioids are the typical analgesic choice for moderate to
severe postoperative pain. Opioid tolerance and physiologic
dependence are unusual in short-term postoperative use in
opioid naive patients, therefore, can be safely administered to
pediatric patients under the correct dosing and management.
Dose can vary greatly among individuals due to the inherent
nature of individuals having a different pain perceptions;
however, can be simplified in the pediatric population by
utilizing the current standards for weight-based dosing if the
child weighs less than 50 kg. If a child weighs more than
50 kg then the individual is given pain medications that are
dosed appropriately to that of the adult formulation. The
most common opioids used in pediatric podiatric surgery are
hydrocodone, oxycodone, and acetaminophen with codeine.
Codeine, oxycodone, and hydrocodone are used when
parenteral opioids need to be converted to enteral ones.
These have a 60% bioavailability after oral ingestion and the
analgesic effects occur 20 minutes after ingestion and reach
a maximum effect by 60–120 minutes. Only 10% of the
codeine is metabolized into morphine, which is responsible
for the analgesic effect of codeine. The usual dosage is 0.5-1
mg/kg of codeine. However, codeine has fallen out of favor
in the pediatric population due to some patients being ultraconvertors of codeine to its active metabolite, producing
side effects and increased risk of respiratory depression.
Oxycodone is used for moderate to severe pain and is
used in pediatric patients with dosages starting at 0.2 mg/

kg every 3-4 hours if the patient weighs less than 50 kg
and up to 10 mg every 4-6 hours in pediatric patients that
weigh more than 50 kg. Oxycodone becomes an excellent
option in the pediatric patient when osteotomies have
been performed and it has been shown to have comparable
analgesia to morphine (2).
Hydrocodone is another opioid used for moderate to
severe pain in pediatric patients with dosages starting at 0.2
mg/kg every 3-4 hours for pediatric patients weighing less
than 50 kg, and 10 mg every 4-6 hours in pediatric patients
weighing more than 50 kg. There have been multiple
studies reporting that hydrocodone and oxycodone provide
similar analgesic effects, however, hydrocodone can result
in an increase incidence in constipation. This should be
taken into consideration when the pediatric patient has any
gastrointestinal conditions.
Tramadol is a synthetic analog of codeine with analgesic
effects of medium potency. It has 2 complementary
mechanisms of action, one of which is a weak affinity
for the opioid receptors and those inhibiting pain. The
other is inhibition of the reuptake of neurotransmitters
norepinephrine and serotonin. Tramadol in pediatric dose
has a dose ranging effect, essentially if you increase the dose
of tramadol you will have less need for rescue analgesia.

NONPHARMACOLOGIC
There have been reports of particular awareness to pediatric
pain management due to the developmental differences in
their experiences and expression of pain. The emotional
component of pain is particularly strong in infants and
children because in their short life they may not have
experienced such a strong pain reaction before. Absence
of their parents, security objects, and familiar surroundings
may cause as much distress as the surgical incision. It is
important to allow the child their comfort objects in the
perioperative setting. Additionally, nonpharmacologic
techniques for diminishing pain response such as elevation
of the legs following foot and ankle surgery should be an
important piece of patient education following surgery.
Observational research shows significant increases in
opioid prescriptions for pediatric populations from 2001
to 2010. Adolescents who misuse opioid pain medication
often misuse medications from their own previous
prescriptions, with an estimated 20% of adolescents with
currently prescribed opioid medications reporting using
them intentionally to get high or increase the effects of
alcohol or other drugs. Misuse of opioid pain medications
in adolescence strongly predicts later onset of heroin use.
Therefore, with the multimodal approach to pediatric pain
management, opioids should be used with caution.
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