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Analgesic Medications 
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An important reason why pediatric pain is insufficiently treated is a lack of knowledge about 
the pharmacology of analgesic medications in this age group. This is partly due to the 
fluctuating pharmacokinetic and pharmacodynamic properties of analgesics during 
development. 
 
Although many analgesic medications have undergone thorough pharmacologic 
investigation in adults, similar studies have not always been performed in children. Only 
since 2001 has the Food and Drug Administration (FDA) required studies of all new 
pharmaceuticals in the pediatric population, and all the medications discussed in this 
chapter gained FDA approval before this time. 

Pharmacokinetic Considerations 

Developmental changes in the composition of body compartments, plasma protein binding 
capacity, hepatic-enzyme systems, renal function, as well as changes in metabolic rate, 
oxygen consumption, and respiratory function may all significantly impact on analgesic 
drug distribution, metabolism, clearance, and action in pediatric patients. Reduced protein 
binding in neonates compared with older children and adults is the result of decreased 
quantities of albumin and alpha 1-acid glycoprotein, the presence of a qualitatively 
different albumin that binds proteins less effectively, higher free fatty acid and bilirubin 
concentrations, and a lower plasma pH. Opioids and local anesthetics are heavily bound to 
alpha 1-acid glycoprotein in older children and adults, but neonates may have increased 
unbound concentrations of these drugs leading to increased analgesic effects as well as an 
increased potential for respiratory and central nervous system depression, and 
cardiovascular toxicity. Several conditions (e.g., burns, inflammatory bowel disease, 
malignancy, infection, and trauma) are associated with increased alpha 1-acid glycoprotein 
levels, and are associated with an increased bound fraction and decreased free fraction of 
drug in the blood. Thus, the administration of the usual dose of an analgesic may result in 
subtherapeutic effects in this patient population. 

Body composition affects pharmacokinetics. Total body water content is approximately 
85% of bodyweight in the premature neonate, compared to 75% in a full-term infant and 
60% in an adult. This results in an increased volume of distribution for water-soluble 
drugs. It also results in an increased duration of action and therefore the need to increase 
the dosing interval for some drugs. Muscle mass and fat content are likewise reduced in 



preterm neonates (15% and 3% of bodyweight, respectively) compared to full-term infants 
(20% and 12%, respectively) and adults (50% and 18%, respectively). Smaller fat and 
muscle stores in neonates result in higher plasma concentrations of drugs since there is 
less uptake of drugs by these relatively smaller, pharmacodynamically inactive sites. This, 
coupled with the fact that a greater proportion of cardiac output goes to the neonatal brain, 
means that there is a more rapid delivery of drugs to active sites. Furthermore, some have 
suggested that the blood–brain barrier is immature at birth and facilitates entry of drugs 
into brain tissue. Thus the brain concentration of many drugs may be higher in neonates 
than in older children and adults. 

Most analgesics are lipophilic substances whose effects are diminished, and eventually 
ended, by a series of chemical reactions that transform them into water-soluble, inactive, 
substances that can be excreted. This transformation process, which is referred to as drug 
metabolism, often involves two phases and occurs primarily in the liver. Phase I reactions 
include oxidation, reduction, hydroxylation, and hydrolysis. Phase II reactions include 
conjugation processes such as glucuronidation, glycosylation, sulfation, methylation, and 
acetylation. The most important phase I enzyme family is the cytochrome P-450 system. 
This mixed oxidase system is dependent upon nicotinamide adenine dinucleotide 
phosphate (NADPH) and oxygen and is responsible for both oxidation and reduction 
reactions. Acetaminophen, nonsteroidal anti-inflammatory agents (NSAIDs), tramadol, and 
opioids are all metabolized in part by cytochrome P-450. At birth, hepatic enzyme systems 
responsible for oxidative metabolism (especially cytochrome P-450) and conjugation 
(including glucuronyl transferases) are severely deficient. Hepatic enzymes responsible for 
drug metabolism, though present in limited quantities at birth, develop rapidly and 
approach adult levels over the first few months of life. Because of the relatively large liver 
size in children aged two to six years, metabolic capacity actually exceeds that of the adult 
and then declines to adult levels by puberty. Thus, children aged two to six years may 
require increased doses, shorter dosing intervals, and higher infusion rates of analgesics 
than younger or older patients in order to achieve comparable degrees of analgesia. In 
addition to age, several pathophysiologic conditions, including hypoxemia, hypotension, 
and increased intraabdominal pressure, can also affect drug metabolism by decreasing 
hepatic or renal blood flow and function. An example of this is the neonate who has 
undergone repair of omphalocele or gastroschisis and has increased intraabdominal 
pressure. Another important metabolic pathway consists of tissue and blood esterases that 
are responsible for remifentanil metabolism. 

Water-soluble metabolites and, to a lesser extent, parent compounds are excreted 
primarily by the kidney in the urine but also by the liver in bile. In patients with a reduced 
glomerular filtration rate such as newborns, parent drug or active metabolite accumulation 
can lead to increased toxicity. For example, morphine undergoes phase II hepatic 
metabolism to yield morphine-6-glucuronide, which is an active metabolite approximately 
100 times more potent than morphine. Fortunately, this metabolite is less soluble in lipids 
and it does not penetrate the blood–brain barrier and brain tissue as readily as does 
morphine. Nevertheless, in patients with renal failure, this and other metabolites 
accumulate and may result in increased toxicity, including somnolence, coma, and/or 
respiratory depression. Likewise, normeperidine may accumulate in patients with renal 



insufficiency receiving meperidine and result in seizures. 

The immaturity of various respiratory functions and the high metabolic demands of the 
neonate have important implications for opioid therapy. Neonates and infants are more 
prone to develop atelectasis and respiratory failure when medical conditions or surgical 
procedures increase their work of breathing and/or metabolic demands since they have 
more compliant chest walls, poor control of lingual and pharyngeal muscles, smaller caliber 
airways, more compliant or collapsible laryngeal and tracheal cartilage, a decreased 
percentage of type 1 (fatigue resistant) diaphragm muscles, and a functional residual 
capacity that approaches the alveolar closing volume. Neonates have diminished 
ventilatory responses to carbon dioxide and oxygen, and they have an increase in metabolic 
rate with an oxygen consumption of 8 mL/kg/min. If ventilatory drive is depressed by 
opioid analgesics, a condition that readily occurs if sedatives or general anesthetics have 
also been administered, hypoventilation with hypercarbia and acidosis ensues. In this 
setting, irregular respirations with pauses or apnea can quickly lead to hypoxemia and 
cardiac arrest. 

Analgesic Agents 

Antipyretic, Analgesic, and Nonsteroidal Anti-inflammatory Drugs (NSAIDs) 

NSAIDs are useful in the treatment of a large number of mild to moderately painful 
conditions and can be used effectively in combination with opioids for the treatment of 
severely painful conditions. In the last decade, these drugs have been extensively studied 
and found to be efficacious for the treatment of postoperative pain in children, particularly 
following ambulatory surgery. Unlike opioid analgesics, antipyretic analgesics and NSAIDs 
do not depress respirations, result in sedation, or lead to dependence with long-term use. 
They act by inhibiting cyclooxygenase (COX), which is responsible for metabolizing 
arachidonic acid to form a variety of prostaglandins and thromboxanes. These are 
hyperalgesic substances thought to work by sensitizing peripheral nerve endings. They are 
also vasodilators and produce erythema and swelling along with the pain that accompanies 
inflammation or trauma. When arachidonic acid is released from traumatized cell 
membranes, it can be metabolized by a lipoxygenase pathway to leukotrienes. When COX 
inhibitors are used, excessive leukotriene production is thought to be the mechanism 
responsible for producing aspirin-induced bronchoconstriction in some individuals. 

Two principal COX isoenzymes have been identified. The constitutive form of COX (COX-1) 
is widely present in many tissues. The production of prostaglandins and thromboxanes in 
these tissues is essential for mediating important physiologic functions. These functions 
include protection of the gastric mucosa, renal blood flow regulation, and platelet 
aggregation. The inducible COX (COX-2) is found in traumatized or inflamed cells. COX-1 
inhibition is responsible for the unwanted side effects of NSAIDs (gastric ulceration and 
hemorrhage, disturbances in blood clotting, alterations in renal blood flow and function, 
and bronchoconstriction) and COX-2 inhibition produces the therapeutic effects. Most 
drugs in this class are nonselective COX inhibitors and interfere with the normal 
physiologic functions described above as well as producing anti-inflammatory and 



analgesic effects. New classes of drugs that are relatively selective COX-2 inhibitors have 
appeared recently but studies in children have been few. Since acetaminophen is a weak 
COX inhibitor and has no peripheral anti-inflammatory effects, its analgesic action, like its 
antipyretic effect, is believed to be mediated by central COX inhibition. 

Acetylsalicylic acid (aspirin) is the oldest known drug in this class but is rarely used in 
pediatrics now because it is associated with Reye’s syndrome. It is still useful in juvenile 
rheumatoid arthritis and other rheumatologic conditions. It is administered orally at a dose 
of 10–15 mg/kg every four hours. The maximum daily dose is 90 mg/kg. 

Acetaminophen is the most popular antipyretic and analgesic used in pediatric patients. It 
does not inhibit peripheral COX and therefore has none of the unwanted effects of other 
NSAIDs. A clear dose–response effect of rectally administered acetaminophen up to 60 
mg/kg has been demonstrated in pediatric ambulatory surgery patients. It is estimated that 
50% of pediatric ambulatory surgery patients who receive rectal acetaminophen 35 mg/kg 
intraoperatively will not require morphine in the pediatric acute care setting. However, in 
one study of young infants that required major abdominal or thoracic surgery, rectally 
administered acetaminophen did not influence postoperative morphine requirements. 
Effective analgesic plasma concentrations are not known but antipyretic effects are seen 
with levels of 10–20 μg/mL and can be achieved within 30 minutes after oral doses of 10–
15 mg/kg. Absorption following rectal administration is variable, with peak concentrations 
attained two to three hours after administration. Orally administered acetaminophen 10–
15 mg/kg can be given every four hours. The maximum daily dose of acetaminophen is 100 
mg/kg in children, 75 mg/kg in infants, 60 mg/kg in neonates born at 32 weeks’ gestation 
or greater, and 40 mg/kg in preterm neonates born at 28–32 weeks’ gestation. In 2011, the 
Food and Drug Administration asked acetaminophen manufacturers to voluntarily change 
to a standard dosing concentration by eliminating the 100 mg/mL concentration marketed 
for infants, as this had caused confusion and dosing errors. When acetaminophen 35–45 
mg/kg is administered rectally, subsequent doses should be reduced to 20 mg/kg and the 
dosing interval lengthened to every six to eight hours. IV acetaminophen is now available in 
the United States. The dosing ranges and maximum are similar to orally administered 
acetaminophen, but allow for more options in a multimodal pain management regimen. 
Acetaminophen is metabolized primarily in the liver through glucuronidation and sulfation. 
Under normal circumstances only a small fraction is oxidized by the cytochrome P-450 
system. However, with acetaminophen overdose, the oxidation pathway is enhanced and 
results in the production of the hepatotoxic metabolite N-acetyl- p-benzocinon-imine, and 
fulminant hepatic failure and necrosis can occur unless treatment with N-acetylcysteine is 
started. 

Several other NSAIDs are now commonly used for the management of a variety of painful 
conditions in children. There is little difference in analgesic efficacy between the many 
drugs that are now available. Choice of an agent depends upon other factors such as the 
desired dosing interval and the patient’s fasting status. Ibuprofen is the most widely used 
drug in this class and is available in several formulations for pediatric administration. 
Adverse events are rare when used for a short time. Some studies claim superior analgesia 
with ibuprofen versus acetaminophen but others have failed to demonstrate a difference. 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CD8QFjAB&url=http://bja.oxfordjournals.org/content/98/3/372.full.pdf&ei=VfxzUdWgIsep4APBlIHgBQ&usg=AFQjCNFLoa5hcqqeA3nwvWq1MRLi2iycYQ&sig2=3hldI2_6JDiVe0vEbjMQZg
http://www.fda.gov/Drugs/DrugSafety/ucm284741.htm


For analgesia, ibuprofen can be given as a single dose of 15 mg/kg orally. However, for 
repeated doses in children aged six months to 12 years, ibuprofen should be given as 10 
mg/kg every six hours orally (maximum daily dose 40 mg/kg). 

Naproxen has a longer half-life than ibuprofen, allowing it to be given every eight to 12 
hours. Its safety in newborns and infants has not been established. The usual dose is 5–10 
mg/kg orally (maximum daily dose 20 mg/kg). In the United States, ketorolac is the only 
NSAID available as an intravenous as well as oral preparation. It has been used effectively 
in selected pediatric postoperative patients who are not at risk for bleeding since it, like all 
the nonselective COX inhibitors, interferes with platelet aggregation. Ketorolac should not 
be used for more than five days because of the risk for gastric ulceration and hemorrhage. 
The recommended dose of ketorolac is 0.5 mg/kg intravenously every six hours (the 
maximum daily dose being the lesser of 2 mg/kg and 120 mg). 

Tramadol 

Tramadol is an effective and safe analgesic for postoperative pain in children. It is an 
atypical opioid structurally related to codeine, whose unique mechanism of action involves 
both central inhibition of norepinephrine and reuptake of serotonin. Animal studies 
indicate that naloxone only partially reverses tramadol analgesia, which indicates that 
nonopioid mechanisms may predominate. Tramadol has one-tenth the affinity for the μ 
receptor as codeine, and appears to be 10–15 times less potent than morphine in adult 
clinical trials. Tramadol is also similar in chemical structure to the antidepressant 
venlafaxine, a unique selective serotonin receptor inhibitor. 

Tramadol has a favorable side effect profile compared to opioid analgesics, making it an 
attractive alternative for analgesic therapy in children. When used according to dosing 
guidelines, it does not cause respiratory depression, sedation, or constipation. Analgesic 
tolerance has not been a problem with long-term tramadol administration, and although 
psychological dependence occurs, it is rare. However, the incidences of nausea, vomiting, 
and dizziness are not different from those associated with opioid analgesics. Seizures are a 
rare complication of tramadol therapy. Exceeding dosing guidelines, prescribing tramadol 
in patients taking psychoactive medications (tricyclic antidepressants, selective serotonin 
reuptake inhibitors, monoamine oxidase inhibitors, and neuroleptics, and other drugs 
known to reduce seizure thresholds), and administering tramadol to patients with a known 
seizure disorder or head injury, all appear to increase the risk for seizures. Tramadol is 
available as a 50-mg scored tablet. It is also available in combination with acetaminophen 
(37.5 mg tramadol/325 mg acetaminophen). The recommended dose of tramadol is 1–2 
mg/kg (maximum dose 100 mg) every six hours (maximum daily dose the lesser of 8 
mg/kg/day or 400 mg/day). It is not yet FDA-approved for use in pediatric patients. 

Ketamine 

The phencyclidine derivative and dissociative anesthetic, ketamine, is a potent analgesic in 
subanesthetic doses and has been administered orally, rectally, intramuscularly, and 
intravenously to provide analgesia for short painful procedures in children. Analgesic 



effects may be mediated via N-methyl-d-aspartate (NMDA) receptor antagonism as well as 
σ opioid receptor agonism. However, naloxone administration does not result in 
antagonism of ketamine analgesia. Ketamine also has an affinity for central muscarinic 
receptors and anticholinesterase agents may partially reverse its effects. 

Administration of ketamine is associated with a unique set of side effects and potential 
complications. Ketamine is known to be a negative inotrope. However, owing to its ability 
to release endogenous catecholamines, cardiovascular function is well preserved unless the 
patient is severely hypovolemic. Ketamine is a mild respiratory depressant and attenuates 
the ventilatory response to carbon dioxide. Although laryngeal reflexes remain intact, 
aspiration of gastric contents can occur and has been reported following its use in children 
for short painful procedures. Ketamine is a bronchial smooth muscle dilator. Salivary and 
bronchial secretions are increased by ketamine but can be prevented by prior 
administration of atropine or glycopyrrolate. Central nervous system effects include an 
increase in cerebral blood flow and oxygen consumption, and thus intracranial pressure 
may rise dangerously in children with decreased intracranial compliance. Also, ketamine is 
associated with psychomimetic effects including recurrent hallucinations and nightmares. 
Prior administration of a benzodiazepine may attenuate or prevent these effects. 

Intravenous doses of ketamine as low as 0.25–0.5 mg/kg may produce intense analgesia for 
10–15 minutes. However, higher doses (e.g., 1–2 mg/kg) may be needed to produce 
profound analgesia for short painful procedures such as fracture reduction. The 
bioavailability of oral ketamine is 20–25%. Oral ketamine 1.25–2.5 mg/kg will often result 
in adequate analgesia without loss of consciousness. Nevertheless, close observation and 
monitoring by an individual with expertise in recognizing and managing respiratory 
depression is required. Furthermore, equipment and medications necessary for emergency 
airway management should be present whenever ketamine is administered. Ketamine at 
low doses (0.1 – 0.5 mg/kg/h) in a monitored setting can be effective pain control for 
opioid-dependent patients and for those with opioid induced hyperalgesia. In addition to 
providing direct analgesia, ketamine has been described as changing the pharmacokinetics 
of morphine metabolism when given concomitantly. Ketamine decreased the metabolism of 
morphine into morphine-3-glucuronide, which has no analgesic properties and can cause 
agitation. 

Opioids 

Opioids are useful in the treatment of moderate to severe nociceptive pain and may 
occasionally be useful in the treatment of neuropathic pain. Other indications for opioids 
include cough suppression and the treatment of dysentery. Unlike NSAIDs, which act by 
enzyme inhibition, opioids exert their pharmacologic effects primarily by binding to pre- 
and post-synaptic cell membranes in the central nervous system via specific opioid 
receptors, resulting in neuronal inhibition. Neuronal inhibition may occur by at least two 
mechanisms: the inhibition of excitatory neurotransmitter release from presynaptic 
terminals and/or hyperpolarization of the neuron. Opioid receptors are linked to 
regulatory G proteins when bound to an opioid analgesic. By regulating ion channels, G 
proteins cause hyperpolarization of the neuron, rendering it less excitable. 



Several types and subtypes of opioid receptors have been identified. The μ receptor (so 
named because of its affinity for morphine) is found in the cortex, thalamus, and 
periaqueductal gray regions of the brain as well as in the substantia gelatinosa of the spinal 
cord. The μ receptor has been further sub-typed to include μ1 (mediating supraspinal 
analgesia and dependence) and μ2 (mediating respiratory depression, intestinal 
dysmotility, sedation, and bradycardia). Most opioids in clinical use today exert their 
analgesic effects when administered systemically at supraspinal μ receptors. However, 
with spinally administered opioids, effects are predominantly mediated by μ receptors in 
the substantia gelatinosa of the spinal cord. 

The κ receptor is found primarily in the substantia gelatinosa of the spinal cord but is also 
found in the brain. It is associated with spinal analgesia, sedation, miosis, inhibition of 
antidiuretic hormone, and mild respiratory depression. The δ receptor mediates analgesia 
and euphoria and has been located in the pontine nucleus, amygdala, and deep cortex. 
Sigma (σ) receptor activation by some opioids, especially the mixed agonist–antagonist 
drugs like butorphanol and nalbuphine, is thought to mediate unpleasant psychomimetic 
effects including dysphoria and hallucinations. 

Opioids are classified as strong or weak, or as naturally occurring, semisynthetic, or 
synthetic. However, it is more useful to consider opioids as agonists, partial agonists, mixed 
agonist–antagonists, or antagonists. An agonist, upon binding and occupying a receptor, 
initiates a change in cellular function that produces a pharmacologic effect. Examples 
include morphine, meperidine, hydromorphone, methadone, oxycodone, codeine, fentanyl, 
and remifentanil. An antagonist is a drug that by binding to a receptor prevents access of 
the agonist to the receptor site and therefore antagonizes the pharmacologic effect of the 
agonist. Examples include naloxone, naltrexone, and nalmefene. A partial agonist such as 
buprenorphine binds the receptor but in doing so results in less than a maximal response 
of a pure agonist. The mixed agonist–antagonists nalbuphine and pentazocine may bind to 
multiple receptor types and exert agonist effects at some while antagonist effects at others. 

Side effects of all opioid analgesics are similar and include nausea, vomiting, sedation, 
pruritus, urinary retention, respiratory depression, ileus, and constipation. Less common 
effects include myoclonic movement, dysphoria, hallucinations, and seizures. However, 
there is great individual variability in the side-effect profiles of specific opioids. Thus if a 
child on a patient-controlled analgesia pump receiving morphine experiences an 
intolerable side effect such as vomiting, it is worthwhile to try a different opioid such as 
hydromorphone. Often, this is an effective way to alleviate an undesirable side effect. 

There is wide individual variability in analgesic response to opioids, so the doses 
recommended are intended to guide initial dosing. Careful and repeated assessment of 
patients receiving analgesics is required in order to determine analgesic efficacy and to 
look for analgesic complications. Commonly the initial dose selected will need to be 
modified upward or downward based on clinical circumstances. 

Morphine 



Morphine is the prototypical opioid analgesic against which all others are compared. It is 
administered to children by many routes for the management of many types of pain. 
Morphine is primarily metabolized in the liver by glucuronidation to form morphine-3-
glucuronide (M3G), an inactive metabolite, and morphine-6-glucuronide (M6G), an active 
metabolite. Both M3G and M6G are excreted by the kidneys. The morphine glucuronidation 
pathway is present in even premature newborns but the capacity for glucuronidation 
matures quickly with age. Morphine’s volume of distribution and clearance increase with 
age in the first several months of life. There is variability among individuals and even in the 
same individual over time. Some term newborns achieve adult values for these parameters 
by two weeks of age but many take up to two months of age to attain these values. 

Studies to determine the effective plasma morphine concentration for analgesia in children 
have yielded inconsistent results. This is in part due to the fact that pain is a subjective 
experience and the amount of pain reported by children after similar surgeries is quite 
variable. Therefore it is important to monitor the degree of analgesia and the types and 
severity of side effects produced by any dose of morphine and to adjust the dose 
accordingly. 

Fentanyl 

Fentanyl is highly lipophilic enabling it to readily penetrate cell membranes, and is a 
hundred times more potent than morphine. It has a relatively rapid onset and short offset 
making it a preferred analgesic for short, painful procedures. Its short duration of effect is 
due to redistribution of the drug from active sites, not its metabolism. In fact, fentanyl has a 
relatively long total body elimination half-life: 233 ± 137 minutes in three to 12-month-old 
infants, 244 ± 79 minutes in infants aged over one year, and 129 ± 42 minutes in adults. 
This means that with high doses, repeated doses, or continuous infusions, fentanyl can 
accumulate in the plasma and its duration of effects such as analgesia and respiratory 
depression becomes dependent upon its metabolism and excretion. Fentanyl and related 
compounds are highly bound to alpha 1-acid glycoprotein in the plasma. Thus, newborns 
that have reduced alpha 1-acid glycoprotein have a higher percentage of free unbound 
fentanyl. Fentanyl undergoes glucuronidation in the liver to form inactive metabolites that 
are excreted by the kidneys. 

In addition to intravenous and epidural administration, fentanyl can be administered by 
the intranasal, transmucosal, and transdermal routes. Intranasal fentanyl has been 
administered intraoperatively to children undergoing myringotomy and tube insertion to 
provide postoperative analgesia. Fentanyl can be administered transcutaneously by a patch 
that consists of a semipermeable membrane and a drug reservoir. The fentanyl patch is 
applied to the skin with a contact adhesive. The patches come in a variety of strengths to 
deliver fentanyl at a rate of 25, 50, 75, or 100 μg/h for three days. There is a relatively long 
time to onset, but after the patch is removed a small depot of fentanyl remains in the skin. 
The fentanyl patch is not appropriate for opioid-naive patients with acute pain since the 
analgesic effects cannot be achieved rapidly and the dose of fentanyl cannot be safely 
titrated. 

http://bja.oxfordjournals.org/content/92/2/208.long
http://bja.oxfordjournals.org/content/92/2/208.long


Hydromorphone (Dilaudid) 

Hydromorphone is a synthetic derivative of morphine. Many clinicians who are familiar 
with this drug believe that it produces less nausea, vomiting, pruritus, and sedation than 
morphine. It is approximately 10 times more lipophilic and five times more potent than 
morphine. It has a longer duration of action (four to six hours) and elimination half-life 
(three to four hours). Hydromorphone has been used by a variety of routes and is often 
used for patient-controlled analgesia. 

Meperidine (Demerol) 

Meperidine is a synthetic opioid derived from phenylpiperidine. It is one-tenth as potent as 
morphine, and has a similar pharmacokinetic profile. It is metabolized in the liver by 
hydrolysis and N-demethylation, and has an elimination half-life of approximately three 
hours. Meperidine has an active metabolite, normeperidine, which is one-half as potent as 
an analgesic but twice as potent at causing seizures. Once thought to be less of a respiratory 
depressant than morphine, in equianalgesic doses, meperidine appears to produce the 
same amount of respiratory depression. Controversy exists as to whether it has less of an 
effect on the Sphincter of Oddi and biliary tract pressure than morphine. Some clinicians 
believe it is the opioid of choice for treating severe pain associated with biliary colic or 
pancreatitis. Meperidine administration is associated with a 20% reduction in cardiac 
output and tachycardia. In high doses it may slow the electroencephalogram. It is rarely 
used repeatedly in pediatrics because a metabolite, normeperidine, may accumulate in this 
setting and produce tremors or seizures. A catastrophic syndrome of excitation, delirium, 
hyperpyrexia, and convulsions has been seen in patients who received meperidine 
concomitantly with monoamine oxidase inhibitors and in patients with hyperthyroidism. It 
is still used to treat postoperative shivering as well as shivering associated with 
amphotericin or blood product administration. 

Methadone 

Methadone is a synthetic opioid that is equipotent or slightly more potent when compared 
to morphine. It has the longest and most unreliable elimination half-life of any of the opioid 
drugs in common use, ranging from 13 to 100+ hours. Its analgesic effects as well as 
respiratory and central nervous system depressant effects can last 12–36 hours and 
sometimes longer after a single dose. Methadone also has excellent bioavailability, roughly 
80%, after oral dosing. Although traditionally used orally to wean opioid-dependent 
patients, there is interest in administering methadone to patients with acute pain to 
provide stable, continuous levels of analgesia. With intravenous administration, peak 
effects can be seen within 10–15 minutes after a single dose. Thus titrating methadone with 
incremental doses of 0.05 mg/kg IV every 15 minutes is possible. Once satisfactory 
analgesia is achieved, additional methadone at 0.05–0.1 mg/kg can be administered every 
four to 12 hours as needed. The drug should be held if somnolence or adequate analgesia is 
present. In addition to being a μ receptor agonist, methadone is also an NMDA receptor 
antagonist. This added mode of action may help explain why methadone is recommended 
for use in patients with opioid induced hyperalgesia. Palliative care studies have shown 



that at higher daily doses of morphine, the conversion ratio to methadone changes. When 
the daily dose of morphine is <100 mg, the conversion ratio is methadone 1:5 morphine, 
however this changes to 1:12 when the daily dose is >300 mg. This transition should take 
place under monitored conditions due to the fact that steady state methadone blood levels 
will occur many days after initiation of a new regimen. Failure to recognize these unique 
phenomena may result in overdose resulting in severe respiratory depression and death. 

Codeine 

Codeine is a derivative of morphine and must undergo O-demethylation in the liver by a P-
450 oxidase pathway to produce morphine in order to produce effective analgesia. 
Approximately 5–15% of administered codeine is converted to morphine in the majority of 
subjects. However, depending on the ethnic group studied, anywhere from 10% to 29% of 
the population is devoid of the enzyme required for this conversion, so these individuals do 
not derive analgesic benefit from the drug. Ten percent of Caucasians and up to 29% of 
individuals of Ethiopian descent lack CYP2D6 enzyme to convert codeine to morphine. 
Many studies have described pharmacogenetic differences in individuals where a routine 
dose of codeine is “ultra-rapidly” metabolized. Less than 1% of individuals have this genetic 
variability in the CYP2D6 pathway, but it results in 90% of codeine metabolizing into 
morphine. In 2012, the FDA issued safety information on the use of codeine in children 
after tonsillectomy and/or adenoidectomy concerning the risk of life-threatening events 
including death. Due to safety concerns about lack of efficacy in some individuals and 
excessive effect in other individuals, codeine is not used as an analgesic at the authors’ 
institution. 

Oxycodone 

Oxycodone is a semisynthetic thebaine derivative produced by modifying morphine. It has 
an equivalent potency to morphine when given intravenously and is 10 times more potent 
than codeine when administered orally. After oral administration, it has a bioavailability of 
60%. Analgesia begins within 20–30 minutes and peaks at between one and two hours. 
Oxycodone has an elimination half-time of 2.5–4 hours and duration of effect of 4–5 hours. 
Oxycodone and its active metabolite oxymorphone may accumulate in patients with renal 
insufficiency, leading to respiratory depression if the dose and interval are not adjusted. 
Some investigators believe that oxycodone produces less nausea but otherwise the side-
effect profile is similar to that of all potent opioid analgesics. Specifically, oxycodone at 
equianalgesic doses produces similar degrees of respiratory depression and sedation. A 
sustained-release form is now available but many families resist this drug because of the 
negative press it has received related to its abuse. 

Nalbuphine 

Nalbuphine possesses agonist properties at the κ receptor and antagonist effects at the μ 
receptor. It is mainly metabolized in the liver and has a plasma half-life of about five hours. 
At intravenous doses up to 200 μg/kg it is roughly equivalent to morphine with respect to 
analgesia. However, nalbuphine appears to have a ceiling effect, as increasing the dose 

http://www.fda.gov/Drugs/DrugSafety/ucm313631.htm


beyond this point does not result in greater analgesia. Kappa-mediated effects (e.g., 
sedation, dysphoria, and euphoria) may occur with increasing doses or with repetitive 
lower doses. Nalbuphine has been used to antagonize μ-mediated effects such as nausea, 
vomiting, pruritus, urinary retention, and respiratory depression in patients receiving 
morphine, fentanyl, or hydromorphone. Other primarily μ-mediated effects such as 
physical dependence are reported much less frequently with chronic nalbuphine 
administration. Patients receiving μ agonists for long periods may experience withdrawal 
symptoms if they are transitioned to nalbuphine abruptly. As with pentazocine and 
butorphanol, nalbuphine may cause less elevation of biliary tract pressure than pure μ 
agonists and has therefore been used for the treatment of pain associated with biliary tract 
pathology. Nalbuphine is primarily administered intravenously but has been administered 
orally. Oral bioavailability is only 20–25%. 

Naloxone 

Naloxone is a potent μ, δ, and κ antagonist. It is used to antagonize respiratory depression 
(up to 10 μg/kg IV) and sedation, and in low doses (1–2 μg/kg/h) it is useful in treating 
intractable pruritus associated with opioid administration. It will also antagonize all other 
μ effects including analgesia, urinary retention, nausea, and vomiting. A syndrome of 
hypertension, tachycardia, dyspnea, tachypnea, pulmonary edema, nausea, vomiting, and 
ventricular fibrillation has been reported in opioid-dependent patients or in patients who 
are receiving high doses of opioids for severe pain and who receive excessive doses of 
naloxone rapidly for the treatment of respiratory depression and coma. It is preferable in 
these circumstances to provide ventilatory assistance while titrating smaller amounts of 
naloxone (0.5–1 μg/kg IV) to the desired effect. 

Naloxone is rapidly metabolized in the liver and has a plasma elimination half-life of 60 
minutes. Therefore, its duration of action is less than that of the μ agonists it is intended to 
antagonize. Continued close observation is required in all patients who have received 
naloxone to reverse respiratory depression in order to prevent a catastrophic return of 
respiratory depression when the effects of naloxone are gone. 


