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Abstract

Opioids are routinely used in the management of moderate to severe pain. However, in the acute care setting, consistently
undertreated and suboptimally managed pain continues to be a problem. Given the potential for opioids to result in lifethreatening situations, and the increasing complexity of the patients that are cared for in acute care facilities, a thorough
understanding of intravenous opioid therapy is a necessity for hospital-based clinicians. Opioids can be classified by
chemical structure and/or drug effect (i.e. action on Mu, Kappa, and Delta opioid receptors throughout the body).
Endogenous opioids include endorphins, enkephalins, and dynorphins, which moderate the body’s natural response
to pain. Commonly used exogenous intravenous opioids include morphine, hydromorphone, fentanyl, meperidine,
methadone, buprenorphine, butorphanol, and nalbuphine, which vary greatly in potency, duration of action, metabolism,
and in their adverse effect profile. A growing body of evidence suggests that patient controlled analgesia may be superior
to conventional methods (need for analgesia determined by clinicians) of treating pain in the acute care setting. Newer
pump delivery systems may also decrease the risks of human and equipment errors as well as enhance patient safety and
satisfaction. The purpose of this review is to help guide clinicians in the safe and effective management of pain in patients
requiring intravenous opioid therapy in the acute care setting.
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Introduction

overdose has become an increasingly common problem. From
Intravenous opioid therapy for the treatment of pain is incred- 1999 to 2006, the number of poisoning deaths in the United
ibly common in the acute care setting. Opioids are essential to States has nearly doubled, largely because of overdose deaths
the management of moderate to severe pain in both, medical involving prescription opioid painkillers [6]. Furthermore, the
and surgical patients (Figure 1). However, given the increasing use of prescription opioids has quadrupled from 2004 to 2007,
number of options available to clinicians, along with concerns and opioid overdose is now the leading cause of unintentional
about drug interactions and adverse effects of these complex death in at least 5 States [6]. The persistent increases in prescripdrugs [1], the task of treating pain with intravenous opioids in tion opioid overdoses pose a unique and significant challenge
the acute care setting can be challenging. Moreover, issues of for healthcare providers, who often must balance the need
patient dissatisfaction with pain management and iatrogenic to effectively manage pain in challenging patients and avoid
overdose are major problems in hospitals today [2,3].
accidental overdoses [2].
The concept of pain as a 5th vital sign continues to gain
Pain is an incredibly common complaint on inpatient medical
broader acceptance [4], and often serves as an indicator of wards. This is perhaps not surprising, given that pain intensity
healthcare quality. In fact, the Centers for Medicare and Medic- tends to be underestimated by care providers [3]. In fact, a
aid use HCAHPS (Hospital Consumer Assessment of Healthcare 2004 survey amongst patients in the acute care setting demProviders and Systems), a standardized survey tool to evaluate onstrated that up to 43% of patients experienced inadequately
adult patient perceptions of quality of care in acute care facilities treated pain, while 12% complained of unbearable pain during
[5]. The ultimate goals of this program are to provide financial hospitalization [3]. Furthermore, over 20% of elderly care and
incentives to hospitals to provide higher quality of care and general medical patients reported pain scores ≥ 6 on visual
also to provide patients with the opportunity to compare the analog scale (VAS) assessment despite provider-guided pain
quality of care provided at competing acute care hospitals. In management [3]. In the surgical setting, up to 86% of postthis survey, 2 of the 18 core experience questions directly relate operative patients reported significant periods of undertreated
to pain management and 4 of the 18 are indirectly related to it pain of moderate severity [7]. Consequently, routine self-reports
[5]. As such, it is clear that providing appropriate pain control by patients may be a better measure of pain than assessments
is a major focus of current healthcare reform efforts.
by a nurse or physician [8].
In recent years, morbidity and mortality related to opioid
While opioids are frequently prescribed to hospitalized
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Figure 1. Pharmacological management of pain. Adapted from
the World Health Organization Pain Management Ladder
[39].

patients for moderate to severe pain, Murnion et al., studied
the specifics of inpatient opioid utilization at a tertiary care
hospital [9]. Of 463 adult patients admitted to the general
medicine, orthopedic, and oncology wards, 45% were prescribed opioids during their hospitalization. Overall, oxycodone
was the most frequently prescribed opioid (51%). The most
commonly administered intravenous opioid was morphine,
representing 29% of all prescribed opioids. Approximately
65% of patients who received opioids, reported incomplete
pain relief during the hospitalization, yet, the majority of
these patients were not administered all of their “allowable”
opioid doses by healthcare providers. In addition, identified
barriers to optimal pain management strategies by providers
in the acute care setting included: 1) limited knowledge of
pain assessment techniques 2) limited knowledge of opioid
dose titration; and 3) misdirected attitudes towards opioids,
pain relief, and risk of chemical dependence [10]. In addition
to these factors, it is also important to consider the concept
of “opioid pseudoaddiction” from inadequate treatment of
chronic pain, racism, sexism, and opiophobia on the part of
inexperienced clinicians as real barriers to effective acute
pain management in the inpatient setting [45].
Given the high likelihood of undertreating acute pain in
the hospital setting, despite the increasing frequency of intravenous opioid use as treatment, it is essential for clinicians
to have a sound understanding of these drugs to maximize
their appropriate use. With these considerations in mind, our
goal is to provide a concise review of the classification, basic
pharmacology, and dosing strategies related to the most
commonly available intravenous opioids in clinical use.

Historical perspective

The first historical reference to opium dates back to the 3rd
century B.C. where Arab physicians were experienced in its
uses [11]. Opium use became more widespread in the Middle
Ages, and in 1806 Freidrich Wilhelm Adam Serturner reported
the isolation of a pure substance in opium that he named
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Figure 2. Chemical structure of common exogenous opioids.

morphine, after Morpheus, the Greek god of dreams [11]. By
the mid-nineteenth century, several other alkaloids derived
from opium including codeine and papaverine were being used
throughout the world in the field of medicine. Over the next
75 years, several additional synthetic opioid analgesics were
developed including opioid agonists, antagonists, and mixed
agonist-antagonist drugs that are commonly used today [12].

Classification

There are a variety of methods to classify the different opioids
used in clinical practice. In terms of broad categories, there are
either naturally occurring, semisynthetic, or synthetic opioids.
Examples of naturally occurring opioids include morphine
and codeine; semisynthetic opioids include hydromorphone,
oxycodone, and hydrocodone; and synthetic opioids include
fentanyl, methadone, and meperidine [11].
Opioids can also be divided by chemical structure
(Figure 2). There are four main chemical classes of opioids:
1. Phenanthrenes are often considered the prototypical
opioids and examples of intravenous formulations include
morphine, hydromorphone, buprenorphine, nalbuphine,
and butorphanol.
2. Phenylpiperidines encompass a variety of commonly
used intravenous opioids including fentanyl, meperidine,
alfentanil, and sufentanil.
3. Diphenylheptanes represent another chemical class of
opioids, which includes methadone.
4. Benzomorphans are a small group that includes the
agonist/antagonist pentazocine [1]. A detailed discus
sion of the specific differences in chemical structure of
each group is beyond the scope of this review.
Another method of opioid classification is based on the
specific actions of the drug on specific opioid receptors, i.e.
agonist, partial agonist, agonist/antagonist, and antagonist
(please see next section). Opioid receptors function as G
protein-coupled receptors, and are structurally characterized
by 7 transmembrane domains (Figure 3). These receptors are
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intravenous opioids that are considered agonist/antagonists
include nalbuphine and butorphanol. Pure intravenous opioid antagonists act as competitive antagonists at all opioid
receptor types with particularly high affinity for the Mu
receptor, but lack any efficacy. The most common opioids
in this group are naloxone and naltrexone [1].

Mechanism of action

Figure 3. G-protein-coupled receptor. The signaling
molecule binds to the membrane receptor protein, which
then activates the G-protein heterotrimer. The alpha subunit
of the heterotrimer, in conjunction with GTP, binds to
and activates the membrane-bound effector protein. Both
the effector protein and the βγ-subunit of the G-protein
heterotrimer are capable of inducing opening of the ion
channel.

located in all areas of the CNS involved in pain perception
(brainstem, medial thalamus, spinal cord, hypothalamus,
limbic system), and are also present throughout peripheral
tissues [13]. There are three major classes of opioid receptors.

Mu (µ): These receptors are located primarily in the brainstem as well as the medial thalamus, where they mediate
supraspinal analgesia, respiratory depression, euphoria,
sedation, decreased gastrointestinal motility, and physical
dependence. There are two subtypes, known as Mu1 and
Mu2. Mu1 receptors have higher affinity for morphine and
mediate supraspinal analgesia and euphoria; Mu2 receptors
have lower affinity for morphine and mediate spinal analgesia,
respiratory depression, and dependence [1].

Kappa (Κ): These receptors are found in the limbic system,

brain stem, and spinal cord. Their major effects include spinal analgesia, sedation, dyspnea and respiratory depression,
dependence, and dysphoria [14].

Delta (δ): These receptors are located throughout the brain

and spinal cord and likely mediate spinal and supraspinal analgesia along with psychomimetic and dysphoric effects [14].

The majority of the traditional intravenous opioids used in the
acute care setting are pure agonists, exerting their effect by
directly stimulating opioid receptors. Partial agonists, such as
buprenorphine, also stimulate opioid receptors directly, but
are less efficacious than full agonists. Agonist/antagonists
often have very poor efficacy at Mu opioid receptors (antagonist component), but have greater efficacy at other opioid
receptors such as Kappa (agonist component). Examples of

The basic structure of morphine, the prototypical opioid, consists of five rings forming a T-shaped molecule
(Figure 2). The important binding groups on morphine include the phenol, the aromatic ring, and the ionized amine,
which are found in all opioid analgesics [1]. These groups
appear to be essential to the analgesic activity of opioids,
as substitution of the basic amino and phenol groups have
been shown to result in a dramatic reduction in activity and
analgesic effect [15].
The analgesic effects of intravenous opioids are the result
of two related processes: a) direct inhibition of ascending
transmission of nociceptive information from the dorsal
horn of the spinal cord, and b) activation of descending pain
control circuits from the midbrain to the dorsal horn of the
spinal cord [11]. As mentioned previously, opioid receptors
are G-protein-coupled receptors. After receptor activation,
a portion of the G protein is released, which inhibits cyclic
adenosine monophosphate (cAMP) and leads to alterations
in gene transcription. More specifically, opioid agonists ultimately block the release of pain-related neurotransmitters
such as glutamate and substance P from nociceptive C-fibers
and A-delta fibers, resulting in analgesia. Opioids (both
endogenous and exogenous) will also activate presynaptic
gamma-aminobutyric acid (GABA) receptors, which inhibits
GABA release and allows increased dopaminergic transmission in the brain, ultimately causing a sensation of pleasure or
euphoria [16]. Some opioids also act as N-Methyl-D-aspartic
acid (NMDA) receptor antagonists, leading to analgesia by
stimulation of the descending pain pathways from the brain
stem via enhanced serotonin and noradrenaline transmission.
As discussed above, opioids are often classified based on
the degree of agonist or antagonist activity at specific receptors. A full opioid agonist has both a high degree of affinity
and efficacy at opioid receptors. Agonists represent the vast
majority of intravenous opioids used in clinical practice, and
are typically considered the most effective at producing analgesia, but also have the capability of producing the most
side effects. A partial agonist has a high level of affinity but
has significantly less efficacy at opioid receptors. These agents
produce less pain relief and have a ceiling to their analgesic
effect, so that escalating doses will not enhance analgesia
but will instead, yield greater side effects. Given their high
affinity at opioid receptors, they also have the potential to
induce withdrawal in an opioid-dependent patient. These
characteristics make partial agonists a reasonable choice
for opioid abuse deterrence and maintenance therapy. An
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dopamine emission [17]. Endorphins also likely play a major
role in the pain-mediating effects of acupuncture, massage,
hydrotherapy, and TENS therapy, as research has shown that
these popular treatment modalities consistently stimulate the
body’s production of these compounds [18,19].

Enkephalins

These endogenous peptide neurotransmitters are derived
from pro-enkephalin and act mainly at the Delta receptor.
They are located throughout the brain and spinal cord and are
involved in regulating nociception in the body. Enkephalins
inhibit neurotransmitters in the pathway for pain perception, thereby reducing the emotional and physical impact
of pain [13]. Interestingly, enkephalins are also found in the
GI tract where they affect pancreatic enzyme secretion and
metabolism of carbohydrates [13].

Dynorphins

These peptides are synthesized from the precursor proFigure 4. Chemical structure of endogenous opioids.
dynorphin and exert their effects mainly through the Kappa
receptor. Located throughout the CNS, with the highest
concentrations found in the brainstem, hypothalamus, and
opioid agonist/antagonist has affinity but minimal efficacy spinal cord, they perform a variety of physiological actions.
at certain opioid receptors (antagonist component), but has Their primary functions are to modulate the pain response,
greater efficacy at other receptor types (agonist component). control appetite and weight, maintain circadian rhythm,
These drugs can be used to treat pain, but like partial agonists, and regulate body temperature [13]. Dynorphins have been
have a ceiling effect in terms of analgesia. They may also pre- shown to play a major role in cocaine addiction, as repeated
cipitate withdrawal in an opioid-dependent individual. A pure exposure to the illicit drug results in increased dynorphin
opioid antagonist has high affinity but no efficacy at opioid concentrations in the brain [20]. They have also been linked
receptors. These agents function to reverse the undesirable to stress-induced depression and drug-seeking behavior in
effects of opioids, and are often combined with full or partial rats [21]. Drugs that block the effects of dynorphins are curopioid agonists for opioid abuse deterrence and long-term rently being studied as possible treatments for depression
maintenance therapy [1].
related to drug addiction [21].

Endogenous opioids

There are three distinct families of endogenous opioid peptides located throughout the central and peripheral nervous
systems and surrounding tissues (Figure 4). They function as
neurotransmitters and likely play a role in hormone secretion,
thermoregulation, and cardiovascular function. A basic understanding of this complex antinociceptive system involved
in pain modulation is helpful in understanding the effects of
intravenous opioid analgesics [13].

Exogenous opioids
Morphine

Morphine is undoubtedly the prototypical opioid. It is predominantly a Mu receptor agonist and is a phenanthrene
derivative. Morphine produces analgesia, euphoria, and a
sensation of warmth in a dose-dependent fashion. Despite
persistent pain, even low doses of morphine increase the
threshold to pain and modify the perception of noxious
stimuli. It is most useful in treatment of continuous, dull pain,
and is effective against pain arising from visceral organs as
Endorphins
well as discomfort from skeletal muscles, joints, and bone.
These compounds are derived from pro-opiomelanocortin When administered intravenously, the peak effect requires
and act at the Mu receptor (highest affinity for Mu1). They 15 to 30 minutes and the duration of action is approximately
are synthesized in the hypothalamus as well as pituitary 4 hours [12]. The elimination half-life is 1.7-3.3 hours and the
gland, and are released during pain, strenuous exercise, ex- volume of distribution is 4-5 L/kg. Morphine has poor lipid
citement, and orgasm. These peptides are often referred to solubility and is metabolized by conjugation with glucuronic
as “natural pain killers” given their ability to create analgesia acid in the liver and kidneys. The primary metabolites are
and a general sense of happiness. By stimulating the Mu morphine-3-glucuronide (75-85%), which is pharmacologically
receptor, they inhibit the release of GABA, which normally inactive, and morphine-6-glucuronide (5-10%) which acts on
inhibits dopamine release, therefore resulting in enhanced Mu receptors to produce analgesia and respiratory depres-
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Table 1. Equipotent intravenous dosages of common opioids. To
convert mg to mcg, multiply by 1000 (0.02 mg = 20 mcg).
Drug
Morphine
Hydromorphone
Fentanyl
Meperidine
Methadone
Buprenorphine
Butorphanol
Nalbuphine

IV Dose (mg)
2
0.3
0.02
15
0.4
0.1
0.4
2

Table 2. Adverse effects associated with the use of opioids.
Respiratory depression
o Dose-dependent
o Decreased minute ventilation via decreased respiratory rate
o Enhanced by CNS depressants, renal insufficiency, respiratory
acidosis
o Tolerance develops with repeated dosing
o Treated with naloxone
Sedation
o Dose-dependent
o May precede analgesia
o Enhanced by CNS depressants
o Treated with naloxone
GI Side Effects
o Nausea/vomiting
 Treated with serotonin and dopamine antagonists
o Decreased motility and constipation
 Tolerance does NOT develop with repeated dosing
 Treated with naloxone and methylnaltrexone
o Biliary spasm
Pruritus
o NOT due to histamine release
o Difficult to treat without reversing analgesic effects with opioid
antagonists
Less Common Adverse Effects
o Urinary retention
 Treated with naloxone and methylnaltrexone
o Confusion/mental status changes
 Common in elderly patients
o Bradycardia
 Exacerbated by concurrent use of beta-blockers and
calcium-channel blockers
o Muscle rigidity
 Seen with high doses and often requires neuromuscular
blockade

sion [22]. Morphine is primarily excreted in urine (90%), and
therefore accumulation of metabolites resulting in prolonged
drug effects are often seen in patients with renal failure. A
detailed discussion of therapeutic, toxic, and fatal levels of
morphine and the other common opioids is beyond the scope
of this review, but are important considerations for clinicians
prescribing these potent drugs [46].
Common side effects with all opioids include nausea,
sedation, inability to concentrate, dry mouth, pruritus, constipation, and respiratory depression (Table 2). One specific
adverse effect, seen most commonly with morphine, is his-
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tamine release. This is relatively common, especially when
the drug is administered as a rapid intravenous bolus, and
can lead to hypotension, bronchospasm, and facial flushing
[12]. Although morphine has commonly been used to treat
chest pain in patients suspected of having acute coronary
syndrome, data suggests that its use in patients with unstable
angina and non-ST segment elevation myocardial infarction
may actually increase mortality and therefore should be
used cautiously if at all in this group [40]. Typical dosing of
parenteral morphine is 0.05-0.1 mg/kg (or 2-10 mg in adults)
as an initial loading dose, followed by repeat dosing every
2-6 hours as needed (Please refer to Table 1 for equipotent
doses of common opioids). When administered via patientcontrolled analgesia (PCA), typical demand doses are 1-2 mg
with a 10-15 minute lockout to facilitate adequate time for
the bolus dose to start taking effect. The 1-hour PCA limit
programmed for an opioid naïve patients with moderate pain
is typically 6-8 mg. These are very basic recommendations,
and adjustments are often required based on multiple factors
including patient age, prior opioid use, and patient-to-patient
(genetic) variability. Moreover, it is essential to observe an
individual patient’s clinical response to a given dose when
using a PCA so that the demand dose can be appropriately
adjusted to prevent over-administration of narcotic. In patients with renal failure, doses should be decreased 10-50%
based on the severity of the disease. Decreased dosing is also
recommended in patients with severe liver disease and in the
elderly. Reduced clearance of morphine has also been shown
in patients suffering from acute trauma, likely secondary to
reduced hepatic blood flow and altered protein binding,
which can potentially lead to accumulation and toxicity in
these patients in the intensive care setting [41].

Hydromorphone

Another very common intravenous opioid used in the inpatient
setting is the semi-synthetic opioid agonist hydromorphone,
a morphine derivative. It acts primarily on Mu receptors and
is roughly 5-7 times as potent as morphine. It has similar effects as morphine, but may produce less sedation and more
euphoria. After intravenous administration, the peak effect
of hydromorphone occurs somewhat more quickly than
Morphine, in approximately 5-10 minutes. The duration of
action is slightly less, with effects typically lasting 3-4 hours.
The elimination half-life is approximately 2.3 hours and the
volume of distribution is 2.5-3.5 L/kg. Hydromorphone is
metabolized in the liver, with the primary metabolite being hydromorphone-3-glucuronide which has no analgesic
effect [23]. There is some recent evidence to suggest that
hydromorphone may be a more effective analgesic than
morphine in treating acute pain [24]. A 2011 meta-analysis
by Felden et al., compared the clinical effects of morphine
and hydromorphone in 8 studies published through 2009
(n = 1004 patients). Hydromorphone provided significantly
better analgesia than morphine for acute pain, with the
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advantage of hydromorphone over morphine being more with opioids. Meperidine may produce more euphoria than
pronounced in the higher quality studies. There were no other opioids, which can result in abuse and drug-seeking
significant differences in terms of adverse effects between behavior in susceptible patients. When administered intravethe two drugs [24].
nously, the time to onset is 5-10 minutes and the duration of
Dosing of intravenous hydromorphone in the inpatient action is 2-4 hours [12]. The elimination half-life is 3-5 hours
setting is also highly variable depending on the patient. A and the volume of distribution is roughly 4 L/kg. Meperidine
typical loading dose is 0.2-0.6 mg, with repeat boluses every is extensively metabolized in the liver by glucuronidation to
2-3 hours as needed. Like morphine, it is important to wait an normeperidine, which is in turn, renally excreted. In patients
adequate length of time prior to re-dosing, given the time with impaired renal function, normeperidine can accumulate,
required for peak effect. When administered via PCA, a com- and given its long half-life, can result in CNS toxicity with
mon starting demand dose is 0.2-0.4 mg with a lockout of 6-10 symptoms including tremors, myoclonus, and seizures [26].
minutes and a 1-hour limit of 1.2-1.5 mg. Although there are Typical side effects of meperidine resemble those of morphine,
no specific recommendations, it is common to decrease the although hypotension may be more profound after a bolus
loading dose and titrate slowly in the elderly and in patients dose of meperidine. Increased heart rate after intravenous
with severe liver or kidney disease.
administration is not uncommon, which is not surprising given
the similarities in its structure to atropine. Administration of
Fentanyl
meperidine in patients on monoamine oxidase inhibitors
Fentanyl is a synthetic Mu receptor agonist that is 80-100 (MAOIs) can precipitate serotonin syndrome, which can lead
times more potent than morphine. It is structurally similar to profound autonomic instability (e.g. hypertension, tachyto meperidine, and is highly lipophilic. This results in rapid cardia, diaphoresis, hyperthermia, agitation, coma, seizures,
passage across the blood-brain barrier, therefore leading to and even death).
quick onset after intravenous administration (2-3 minutes)
Typical doses of intravenous meperidine are 25-50 mg
and short duration of action (45-60 minutes) from rapid (0.5-1 mg/kg) as a loading dose, with repeat dosing every 2-3
redistribution to inactive tissues. However, after continuous hours as needed. In patients with kidney disease, this dose
infusions, or even multiple consecutive intravenous boluses, should be decreased 25-50% depending on the severity of
a saturation of these inactive tissue sites may lead to a “sink” renal dysfunction; decreased dosing and slow titration is
phenomena, where the depot of fentanyl leaches back into also recommended in the elderly. Given the concern over
the systemic circulation after the initial intravenous doses are normeperidine accumulation and toxicity, meperidine is
stopped. As such, the effects of fentanyl are often prolonged rarely administered via PCA delivery systems [27]. In addition
in the elderly. The elimination half-life is approximately 3.5 to being used for managing pain in the in patient setting,
hours and the volume of distribution is 4-6 L/kg. Fentanyl is meperidine is also useful for treating post-operative shivering.
metabolized primarily in the liver to the inactive metabolites
norfentanyl, hydroxyproprionyl-fentanyl, and hydroxypro- Methadone
prionyl-norfentanyl, which are all excreted in the urine [12]. Methadone is a unique synthetic Mu receptor agonist that is
Standard doses of intravenous fentanyl for analgesia are very commonly used in the management of chronic pain and
1-2 mcg/kg (50-100 mcg in the average adult) as a loading opioid addiction, but can also be effective in treating acute pain
dose. Again, doses should be decreased and titrated appro- when used appropriately. In addition to its effects on opioid
priately in the elderly; no specific adjustments are needed in receptors, methadone is also an NMDA receptor antagonist,
patients with renal or liver disease. Given its fast onset and adding to its analgesic properties. The elimination half-life is
short duration of action, fentanyl is typically more useful in highly variable, ranging from 8-60 hours, and the volume of
situations where brief but intense periods of pain relief are distribution is 5-6 L/kg. It is metabolized in the liver to inactive
required such as procedural analgesia. Fentanyl is also very substances and is excreted by the kidneys [1]. It is considered
effective for rapid relief of severe pain until a longer acting a longer-acting opioid, as single doses of intravenous methaagent has time to take effect; moreover, given that fentanyl done can produce analgesia for 4-8 hours. This necessitates
has been shown to produce fewer side effects (e.g. sedation, very cautious administration as repeated dosing within short
nausea/vomiting, urinary retention, pruritus) than morphine intervals can result in drug accumulation and toxicity. When
and hydromorphone, it may actually be a preferable drug for methadone is administered repeatedly (i.e. patients with
patient controlled analgesia in the acute care setting [25].
chronic pain or prior heroin abuse), it accumulates in tissue
and equilibrates with drug circulating in plasma sustaining
Meperidine
an effective plasma level for up to 24 hours. This reservoir of
Meperidine is a weak synthetic Mu and Kappa receptor drug explains why patients on maintenance therapy require
agonist, which is about one-tenth as potent as morphine. It only once daily dosing, while in the acute setting the effects
shares structural similarities with both local anesthetics and are only sustained for approximately 6 hours [43]. Methadone
atropine, but its principal pharmacologic effects are consistent produces very similar analgesic effects as other commonly
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used opioids, but it lacks the euphoric effects of these drugs, Butorphanol
which may be beneficial in certain patient populations. In Butorphanol is a synthetic opioid agonist-antagonist, which
terms of adverse effects, methadone is unique, as it has the has low affinity for Mu receptors (where it has an antagonist
potential to cause QT interval prolongation and Torsades de effect) and moderate affinity for Kappa receptors (where it
Pointes in susceptible patients [28].
has an agonist effect). Stimulation of the Kappa receptors
Methadone is essentially equipotent to morphine. Com- produces analgesia, but can also cause dysphoria in higher
mon intravenous dosing is 2.5-10 mg as a loading dose, with doses, making butorphanol advantageous in comparison
cautious repeat dosing every 8-12 hours as needed. Time to to other opioids from the point of abuse potential [1]. Alfull analgesic (and respiratory) effect is variable and may take though butorphanol is most commonly used as an intranasal
up to 2-3 days, so vigilance is paramount to the successful formulation for the treatment of migraines, the intravenous
use of methadone. Though not a common first-line choice formulation can also be effective in the treatment of modfor treatment of pain in the inpatient setting, intravenous erate to severe pain. The onset of action after intravenous
methadone can be very effective in managing patients with administration is 10-15 minutes and the duration of action
true morphine allergies. In patients predicted to have long- is 3-4 hours. The elimination half-life is 4.5-5 hours and the
term opioid requirements, intravenous methadone can easily volume of distribution is variable, ranging from 4-12 L/kg. In
be transitioned to the oral formulation. It is also often helpful the liver, butorphanol is converted to hydroxybutorphanol,
in managing patients with a history of prolonged opioid use an inactive metabolite that is predominantly eliminated in
and/or high opioid tolerance, as the NMDA effects may be bile and to a lesser extent, in urine. Side effects are similar
beneficial in such challenging patients [12].
to those seen with most other opioids, although it is not
uncommon to see elevations in systemic and pulmonary
Buprenorphine
pressures and cardiac output after administration, and thus
Buprenorphine is an opioid agonist-antagonist that is it should be used cautiously in patients with underlying
commonly used as an oral formulation in the management cardiac disease [11].
of chronic pain and opioid addiction. It acts as a partial
Typical dosing of intravenous butorphanol is 0.5-2 mg as a
agonist at the Mu and Delta receptors, and as a competitive loading dose and re-administration may be every 3-4 hours as
antagonist at the Kappa receptor. Buprenorphine has high needed. In patients with severe liver or kidney disease, dosing
analgesic potency, as it is roughly 20-40 times more portent frequency should only be every 6 hours, given the potential
than morphine. After intravenous administration, peak ef- for accumulation and drug toxicity. Intravenous butorphanol
fect may take up to 60 minutes, and the duration of action is is most commonly used in the post-operative setting for pain
often greater than 8 hours. It is metabolized by the liver and relief, but is also commonly used for pain control in women
is subsequently excreted mainly in bile. Given its high affinity during labor. It may be effective in treating pain in patients
for Mu receptors, buprenorphine is relatively resistant to an- who have abused opioids in the past as its agonist activity
tagonism with naloxone, requiring higher doses for successful is primarily directed towards the Kappa receptor.
reversal [29]. Although not commonly used in the acute care
setting for pain management, buprenorphine can be very Nalbuphine
effective in relieving moderate to severe pain. Side effects Nalbuphine is an opioid agonist-antagonist that is structurally
are similar to other opioids, but it is important to remember similar to naloxone. It is equipotent to morphine in terms of
that as a result of its antagonist properties, buprenorphine analgesia. Nalbuphine functions as an antagonist at Mu recepcan precipitate withdrawal symptoms in patients who are tors and as an agonist at Kappa receptors. When administered
physically dependent on other commonly used opioids [12]. intravenously, the onset of effect is within 5-10 minutes and
Standard dosing for intravenous buprenorphine is 150- its duration of action is 3-6 hours [11]. The elimination half300 mcg every 6-8 hours as needed, titrated to effect. This life is approximately 5 hours, and the volume of distribution
dose should be decreased by roughly 50% in the elderly, or is 4-5 L/kg. It is inactivated in the liver and renally excreted.
in patients with significant respiratory disease, given the Sedation is the most common side effect, and nalbuphine
challenges of reversing undesired side effects such as respira- appears to produce less dysphoria compared to other opioid
tory depression. The elimination half-life ranges from 20-60 agonist-antagonists. It does not increase blood pressure or
hours and the volume of distribution is 3-5 L/kg. As the drug cardiac output. Because of its strong antagonist effects on Mu
is hepatically metabolized and cleared, dosing should also receptors, the subsequent use of opioid Mu receptor agonists
be decreased in patients with severe liver disease. Although after administration of nalbuphine may prove ineffective at
intravenous buprenorphine is not a traditional opioid used providing adequate analgesia [12]. On the other hand, because
for pain control, it may be beneficial in certain groups of pa- of its unique properties, nalbuphine is effective at reversing
tients in the inpatient setting, such as current opioid abusers both respiratory depression and pruritus produced by opioid
or patients who are on long-term maintenance programs for Mu receptor agonists, while still maintaining analgesia [30].
past opioid addiction.
A standard loading dose of intravenous nalbuphine is 5-10
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mg titrated to effect, which can be repeated every 3-6 hours
as needed. Decreased dosing in the elderly and in patients
with severe liver disease is recommended. Caution should be
exercised when administering it to patients with severe pain,
as the antagonist effects may limit the ability to subsequently
use opioid Mu receptor agonists, if needed. Nalbuphine may
be a good choice for the treatment of pain in patients who
are susceptible to severe respiratory depression with standard opioids, or in those prone to the common side effects of
opioids such as pruritus, nausea, and vomiting.

Naloxone

Naloxone is a nonselective opioid antagonist, affecting all
three types of opioid receptors. It is clinically used to treat
the adverse effects associated with opioids, most commonly
respiratory depression, but also pruritus and gastrointestinal
effects (constipation and/or opioid-induced ileus). Unfortunately, naloxone also reverses the most desired effect of
opioids, i.e. analgesia. As such, it must be used with caution
and titrated to the appropriate effect. The onset of action is
extremely rapid (within 1-2 minutes) and the duration of action
is 30-45 minutes. The elimination half-life is 1-1.5 hours and
the volume of distribution is 2-5 L/kg. It is metabolized in the
liver to naloxone-3-glucuronide, which is renally eliminated
[12]. Cardiovascular stimulation from the acute perception
of severe pain and associated sympathetic nervous system
activation after administration of high doses of naloxone can
result in tachycardia, hypertension, pulmonary edema, and
cardiac dysrhythmias [31].
The recommended starting dose for intravenous naloxone
to reverse the effects of opioids is 1-4 mcg/kg, slowly titrated
to desired effect, with repeat dosing every 30-45 minutes as
needed. Given the short duration of action of Naloxone and
the often long half-lives of common opioids used for pain
control, it is not uncommon to see recurrence of respiratory
depression (“renarcotization”) or other side effects, requiring
either repeated doses or a naloxone infusion (e.g. 5 mcg/kg/
hr) [11].

Methods of adiministration

The options for intravenous administration of opioids include
intermittent bolus dosing, patient controlled analgesia (PCA)
dosing, and continuous infusions. Continuous infusions of
opioids are rarely a viable option for patients in the acute
care setting given the inherent risks of overdose and severe
side effects; however, this method of opioid administration
may be useful in the occasional patient who is highly opioid
tolerant and is under the direct supervision of a pain medicine physician. With this in mind, the two viable options for
intravenous administration of opioids include intermittent
bolus (PRN) and/or patient controlled analgesia (PCA) dosing.
With PRN dosing, patients receive medication either when
their bedside nurse deems the pain to be severe enough or
if the patient requests it (assuming that the maximum al-
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lowable amount has not been exceeded). With PCA dosing,
a sophisticated microprocessor-controlled infusion pump
delivers a preprogrammed dose of opioid when the patient
presses a demand button. A set lock-out period takes effect
after receiving a demand dose and a total one-hour limit is
programmed, both to allow for titration to the desired effect
and to prevent accidental overdose. The general idea behind
PCA is that small, frequent boluses of intravenous opioids
provide better pain relief than larger boluses administered
less often [32].
A 2011 Cochrane Review article assessed patient controlled
opioid analgesia vs. conventional opioid analgesia in the
management of postoperative pain [33]. Fifty-five randomized,
controlled trials were included in the meta-analysis, which
assessed pain management in over 3800 patients. PCAs were
associated with better pain control and greater patient satisfaction vs. conventional “as needed” analgesia. And while
patients using PCA consumed a higher amount of intravenous
opioids, they reported similar levels of side effects and had
equivalent lengths of stay as patients receiving PRN dosing
of intravenous opioids. The conclusion of the review, which
was in concordance with several prior meta-analyses, was
that PCA provides superior pain relief when compared with
conventional analgesia and that patients report greater satisfaction and prefer PCA when receiving intravenous opioids
for postoperative pain [33].
Despite the effectiveness of PCA for intravenous opioid
therapy in the acute care setting, there are documented
risks associated with its use [34]. Both human and equipment errors are possible, including administration of the
wrong analgesic, pump misprogramming, equipment
malfunction, false triggering, and/or accumulation of a drug
in the dead-space on intravenous line tubing. Because of
these potentially life-threatening errors, Tran et al., assessed
the impact of implanting “smart” PCAs (computerized pumps
with medication safety enhancements - particularly related
to operator errors during administration) in both, medical
and surgical patients, over a 6-month period [34]. The use
of smart pumps was credited with preventing 159 potential
errors during this time, with the nursing staff expressing
strong positive attitudes towards the utility of these pumps
to decrease the occurrence of PCA-related errors and improve
patient safety [34]. Though isolated to a single university-based
healthcare system, this data suggests that smart PCA pumps
are a safe and effective way to manage pain in a mixed acute
care patient cohort.
A simple algorithm for managing an intravenous PCA system should start with an initial loading dose of the selected
opioid (See Table 3), which may be administered every 5-10
minutes until the pain score is less than 4 or respiratory rate
is less than 12 breaths/minute. If the patient subsequently
complains of inadequate pain relief, the administration of
a bolus dose and increase in the demand dose should be
considered, after making sure that the patient has been
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Table 3. Common Initial PCA Regimens for Opioid-Naïve
Patients. Adapted with permission from “Patient-Controlled
Analgesia” [32]. Continuous basal infusions are NOT
recommended for opioid-naïve patients.
Opioid
Morphine
Hydromorphone
Fentanyl
Meperidine

Demand Dose
1-2 mg
0.2-0.4 mg
20-50 mcg
10-20 mg

Lockout (min)
6-10
6-10
5-10
6-10

doi: 10.7243/2049-9752-2-1
Table 4. Drugs interactions with methadone.
CYP3A4 Inducers CYP3A4 Inhibitors
(decreased effect) (increased effect)
Carbamazepine
Rifampin
Phenytoin
Phenobarbital
Dexamethasone
Nafcillin

Ciprofloxacin
Anti-retroviral agents
Calcium channel blockers
Anti-fungal agents
Macrolide antibiotics
Isoniazid

common problem in the US today, and these patients present
unique obstacles in pain management. They often require
alterations in doses of opioids given variations in lean body
mass, volume of distribution, and clearance of drugs. The
effects of respiratory depression and hypoventilation on
these patients can be more profound, and this requires close
attention when caring for such patients [44]. The management
of opioid-tolerant patients frequently requires higher initial
bolus and demand dosages along with continuous infusions,
and is beyond the scope of this review.

Drug interaction

Drug interactions are an important concept as patients tend
to be prescribed multiple agents at any one time [35]. Polypharmacy, or the use of multiple medications by a patient,
is an increasingly common problem in the US, especially in
the elderly population, and puts patients at higher risk for
adverse drug reactions as well as drug-drug interactions
[35]. A drug-drug interaction is said to occur when either the
quantity or the effect of a drug is altered by the concurrent
Figure 5. Algorithm for management of PCA in
administration of another drug(s) [36]. One of the most danopioid-naïve patients using morphine. Adapted with
gerous interactions is that of MAOIs and meperidine, which
permission from “Patient-Controlled Analgesia”
[32]. IV = intravenous.
can induce serotonin syndrome [37]. Tricyclic antidepressants
(e.g. nortriptyline, amitriptyline) may inhibit morphine glucuronidation and result in elevated opioid plasma levels [1].
appropriately pushing the PCA button and that the pump is Erythromycin can also prolong opioid effects by inhibition
functioning properly (See Figure 5). Demand dose escalation of the oxidizing activity of cytochrome P450 [11].
should always be thoroughly discussed with the patient, as
Methadone has multiple drug interactions that must be
he/she must consider the potential for worsening side effects considered (See Table 4). Carbamazepine, rifampin, phenytoin,
with higher doses of opioids. The addition of a non-opioid phenobarbital, oral hypoglycemic agents, and other CYP3A4
adjunct, such as a nonsteroidal anti-inflammatory drug or inducers all enhance methadone metabolism, leading to
acetaminophen, may help decrease opioid requirements decreased blood levels. This results in decreased efficacy of
[32]. As mentioned previously, continuous basal infusions methadone and possible withdrawal symptoms [38]. On the
should be used cautiously, if at all, especially in opioid-naïve other hand, co-administration of CYP3A4 inhibitors such as
patients; if deemed necessary, a pain management physician ciprofloxacin, antiretroviral agents, calcium channel blockshould be consulted given the increased potential for life- ers, antifungals, and macrolide antibiotics can reduce the
threatening consequences. Despite these techniques, there metabolism of methadone, leading to elevated plasma levels
are the occasional patients with difficult to manage acute and possible toxicity [12].
pain who may require more aggressive therapy. Advances
in assessing opioid drug levels in plasma combined with Conclusion
individual pharmacogenomics through drug genotyping may Administration of intravenous opioids is an essential comlead to more optimal pain control and less adverse effects ponent of acute pain management in the inpatient setting.
in these challenging patients [42]. Obesity is an increasingly Opioids can be classified in a variety of ways including
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chemical structure and specific mechanism of action. An
understanding of opioid pharmacology - including receptor type, endogenous opioids, and mechanism of action - is
critical to the safe and responsible use of these potent drugs.
Moreover, an appreciation of the clinical pharmacokinetics of
these complex drugs - including elimination half-life, volume
of distribution, and metabolism - is also essential to providing
effective pain management in the acute care setting. A variety
of agents can be administered intravenously, and each differs in its clinical effects, potential for toxicity, and side effect
profile. A thorough understanding of these factors is essential
when administering these drugs, especially in specific patient
populations, including the elderly and those with significant
comorbidities. Drug-drug interactions can be an issue when
prescribing opioids, most notably in complex patients with
co-existing kidney or liver disease.
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