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Abstract

The explosion of the opioid epidemic in the United States and across
the world has been met with advances in pharmacologic therapy for
the treatment of opioid use disorder. Long-acting naltrexone is a
promising strategy, but its use has important implications for critical
care, as it may interfere with or complicate sedation and analgesia.
Currently, there are two available formulations of long-acting
naltrexone, which are distinguished by different administration routes
and distinct pharmacokinetics. The use of long-acting naltrexonemay
be identified through a variety of strategies (such as physical
examination, laboratory testing, and medical record review), and is
key to the safe provision of sedation and analgesia during critical

illness. Perioperative experience caring for patients receiving long-
acting naltrexone informs management in the intensive care unit.
Important lessons include the use of multimodal analgesia strategies
and anticipating patients’ demonstrating variable sensitivity to
opioids. For the critically ill patient, however, there are important
distinctions to emphasize, including changes in drug metabolism and
medication interactions. By compiling and incorporating the
currently available literature, we provide critical care physicians with
recommendations for the sedation and analgesia for critically ill
patients receiving long-acting naltrexone therapy.
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As of 2016, there were approximately
2 million people in the United States
suffering from opioid use disorder (1). To
combat this epidemic, there has been a
renewed focus on medication-assisted
treatment. Despite improvements in
creating and expanding access to
treatment for these patients, critical care
practitioners may not be informed about
how different therapies for opioid use
disorder may alter inpatient management.
Specifically, long-acting naltrexone for
treatment of opioid use disorder poses a
challenge to intensive care unit (ICU)
providers when caring for a critically ill
patient who requires sedation or analgesia.

Given the increasing burden of
substance use disorders in this
country (1) and the availability of
long-acting naltrexone as treatment, it is
inevitable that critical care practitioners
will care for, and provide sedation and
analgesia to, patients with opioid use
disorder receiving long-acting naltrexone.
In this review, we discuss the current
available formulations of long-acting
naltrexone and strategies to identify
patients receiving this therapy, summarize
available literature on sedation and
analgesia for these patients, and provide
recommendations for the ICU provider
caring for these patients.

Long-Acting Naltrexone as a
Strategy to Manage Opioid
Use Disorder

By antagonizing the opioid receptor,
naltrexone attenuates and may abolish the
addictive effects of opioid exposure. There is
also evidence to support the use of long-
acting naltrexone for the treatment of opioid
use disorder. In clinical trials, long-acting
naltrexone was more effective at maintaining
opioid abstinence, preventing relapse,
reducing cravings, and improving treatment
retention than placebo, usual care, or oral
daily naltrexone (2–4). Naltrexone is also
effective as alcohol deterrence therapy (5).
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There are two available forms of long-
acting naltrexone—a long-acting injectable
(LAI) formulation and a long-acting
subcutaneous implant (SI) formulation. The
LAI formulation, marketed with the brand
name Vivitrol, is dosed at 380 mg injected
intramuscularly on a monthly basis
(Alkeremes). This medication is currently
approved by the U.S. Food and Drug
Administration (FDA) to prevent relapse
after opioid detoxification and to treat
alcohol dependence. The SI formulation is
composed of pellets, which are implanted
surgically into the subcutaneous tissue of the
abdomen, allowing for slow release over
time. This formulation is not currently
FDA-approved in the United States.

However, the SI strategy has become
popular in other countries, particularly in
Russia, where it has been studied extensively
by researchers at Pavlov Medical University in
St. Petersburg, Russia (6–8). In Russia, this
formulation is known as Prodetoxone (GP
Healthcare SIA). In 2016, BioCorRx
Pharmaceuticals reportedly acquired theNorth
American rights to Prodetoxone implant
formulations. BioCorRx is currently in the
preclinical stages of developing and testing this
formulation, referred to as BICX102. In
Australia, the SI formulation ismarketed as the
O’Neill Long-Acting Naltrexone Implant and
is manufactured by Go Medical Industries.
American practitioners should be aware of
the SI formulation, as some private clinics
may offer this treatment, and ongoing clinical
trials in the United States (for example,
ClinicalTrials.gov identifier NCT 03810495)
may lead to wider adoption of the SI route of
administration as treatment for opioid use
disorder.

Beyond different delivery mechanisms,
the LAI and SI formulations have different
pharmacokinetics. LAI naltrexone achieves a
therapeutic concentrations rapidly, within 1–
2 hours after injection. The naltrexone
concentration remains above 1 ng/ml (the
concentration considered effective for
blocking street heroin) for at least 35 days (9–
11). The SI, however, has a variable duration
of effect depending on the manufacturer. The
O’Neill Long-Acting Naltrexone Implant
advertises a 6-month duration, whereas
Prodetoxone is marketed as having a duration
of 3 months. However, at least one case report
describes a patient whose naltrexone implant
was advertised to last 6 weeks (12). Therefore,
there may be other products offered to
patients with varying durations of effect based
on what has been published in the medical

literature. For reference, Table 1 lists the
advertised durations for different long-acting
naltrexone formulations.

Identification of Patients
on Long-Acting
Naltrexone Therapy

When caring for a critically ill patient
requiring sedation and/or analgesia,
determining whether the patient is receiving
long-acting naltrexone is necessary to be
able to provide optimized management.
Different methods of identifying whether
patients are receiving long-acting naltrexone
therapy are summarized in Table 2.

Depending on the context, different
clinical strategies may be useful. If the
patient is unable to provide a history, the
medical record can be interrogated for
information about prior long-acting
naltrexone therapy. Specifically, this
information may be recorded under
“medications” or in a “procedure note,”
particularly for patients who have an SI
mode of delivery. Connecting with
continuity providers may be a useful
resource to determine whether a patient has
received or is receiving long-acting
naltrexone treatment. We recommend
querying family and friends who may have
knowledge of treatments the patient has
received for opioid use disorder.

The physical examination may provide
insights on whether the patient has had an SI
placed. As pictured in Figure 1, the implant
is typically inserted in the lower abdomen,
will leave overlying skin changes, and can be
palpated on examination (12).

Finally, there may be a role for
laboratory testing. Importantly, naltrexone is
not captured on common toxicology panels
and will not cause a false-positive result
on opiate assays. There are, however,
commercially available laboratory tests for
naltrexone and its major metabolite, 6-beta-

naltrexol, which is produced in the liver and
excreted in the urine (13). In the United
States, Quest Diagnostics offers urine testing,
and NMS Labs performs serum testing. At
our institution, a Quest Diagnostics test for
naltrexone is estimated to take approximately
4 days to return (R. Haspel, M.D., written
communication, January 2020). Therefore,
the clinical utility of testing for naltrexone
concentrations is limited by the time it takes
to receive the test result.

Important Pharmacologic
Considerations for the Patient
on Long-Acting Naltrexone

An important consequence of opioid use
disorder is a reduced pain threshold and
abnormal pain sensitivity (14). For patients
receiving opioid antagonist therapy for opioid
use disorder, it is unknown whether (and
when) the pain threshold returns to normal.
To achieve analgesia, opioid antagonism can
be overcome by high doses of opioids in an
acute setting. In rats, the dose of opioids
needed to accomplish this may be 10–20 times
the standard clinical doses (15). Importantly,
however, long-term opioid receptor
antagonism also leads to upregulation of
opioid receptors (16). Therefore, if a patient
ceases naltrexone exposure (or if the
formulation is no longer active) and opioids
are provided, the patient may be at risk of
having an exaggerated response to opioid
exposure. These pharmacologic consequences
of long-term opioid antagonist therapy have
important implications for the clinical care of
critically ill patients.

Current Knowledge:
Perioperative Analgesia
for Patients on
Long-Acting Naltrexone

Themajority of the available literature about
managing patients on long-acting

Table 1. Duration of effect of different long-acting naltrexone formulations

Formulation Duration of Effect

Long-acting injection
Depot injection z35 d

Subcutaneous implant
Go Medical Industries 180 d
BioCorRx 90 d
GP Healthcare SIA 60–90 d
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naltrexone is limited and primarily involves
patients in the perioperative environment.
Specifically, there are three case reports
describing the clinical details of four
patients receiving long-acting naltrexone
undergoing surgical procedures and three
clinical reviews on this topic (12, 14, 17–20).

The case reports stress the importance
of determining the timing of the most recent
long-acting naltrexone dose, specifically the
date of last intramuscular injection or the
date that the implant was placed. If there has
been sufficient duration between implant or
injection and subsequent opioid exposure,
standard doses of opioids will likely be
effective. This is highlighted in a case report
from O’Brien and colleagues in which a
28-year-old man suffering from multiple
traumatic injuries required analgesia (12).
Family informed staff of an existing
naltrexone implant, which was palpable on
examination. Despite the presence of the
implant, standard doses of analgesic
medications appeared effective. Later, it
became apparent that the implant had been

placed 3 months before presentation, with
an expected duration of efficacy of 6 weeks.
Providers noted that his pain was easily
controlled, suggesting that opioid receptors
had been upregulated in the presence of
long-term blockade. However, because of
upregulated opioid receptors, there is
increased potential for unintentional
overdose, so close clinical monitoring is
necessary. Some suggest using ultra–short-
acting opioids, such as remifentanil, in this
setting (18), although others have argued
against this approach because of the risk of
acute tolerance and hyperalgesia (14).

A second report by the same authors
details the case of a patient with an active
naltrexone implant who required a surgical
procedure (12). In this case, analgesia and
sedation were challenging. The authors
report using a combination of multiple
analgesic agents, including nonopioid
medications such as acetaminophen and
ketamine.

All case reports and reviews in the
perioperative setting emphasize the need for

a multimodal approach to analgesia that
incorporates adjunctive therapies whenever
possible. This includes prescribing
nonopioid analgesics, anxiolysis, and local
anesthesia (e.g., local infiltration, nerve
block, and epidural anesthesia) if
appropriate. Nonopioid analgesics to
consider include nonsteroidal
antiinflammatory drugs and
acetaminophen, which can be intravenous
and/or scheduled if necessary (14).
Ketamine can be considered via low-dose
infusion or bolus. Providing gabapentin or
pregabalin preoperatively has been
recommended (20, 21). Glucocorticoids for
antiemetic and antiinflammatory properties
may be useful (14). Anxiolysis may be
achieved with low-dose benzodiazepines or
clonidine (12, 22). Of note, tramadol, a weak
opioid agonist, may still retain some
analgesic properties in the face of
naltrexone, though other effects such as
nausea and vomiting may be enhanced (23).

Considerations for the
Critically Ill Patient

Although some components of
perioperative care can be translated into the
ICU setting, the literature about caring for
critically ill patients receiving long-acting
naltrexone therapy is sparse. There are no
national guidelines regarding the optimal
management of these patients, including no
specific guidance from the Society of Critical
Care Medicine, whose sedation guidelines
were last updated in 2018 (24). There is a
single review article that considers pain
management in critically ill patients in light
of the opioid epidemic, but this does not
incorporate the impact of therapies for
opioid use disorder (25). Furthermore,
because there are limited data for the use of
sedative and/or analgesic medications in
critically ill patients with opioid use
disorder, much of this is derived from
accepted practice patterns. Despite the lack
of evidence or clinical practice guidelines for
the optimal management of patients
receiving long-acting naltrexone therapy,
there are important considerations for
managing these critically ill patients, which
we highlight in the remaining sections.

First, in contrast to the perioperative
period for an elective surgery, the onset of
critical illness cannot be scheduled or
predicted, making it impossible for patients
to discontinue long-acting therapy in

Figure 1. Long-acting naltrexone implant and post-procedure appearance in the right lower quadrant
(as indicated by the orange circle). Image courtesy of Dr. George Woody and Dr. Evgeny Krupitsky.

Table 2. Methods to identify patients who may be receiving long-acting naltrexone
therapy

Method Details

Communication Contact continuity providers, family, and friends who
may have knowledge of treatments for opioid
abuse disorder

Medical records May be listed under “procedures” or “medication”
records

Examination If an implant has been placed, inspect and palpate the
abdomen for a firm, subcutaneous object

Laboratory tests Available commercially from Quest Diagnostics
(urine) and NMS Labs (serum)
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advance. Second, there is a theoretical
consideration that pharmacokinetic and
pharmacodynamic properties of
medications may be altered in the setting of
critical illness (26). This is particularly
pertinent in patients with renal and/or
hepatic dysfunction, as naltrexone is
contraindicated in acute hepatitis or liver
failure and has not been studied in patients
with moderate to severe renal impairment
(27, 28). As such, circulating naltrexone
concentrations may be increased in the
setting of organ dysfunction commonly seen
in critical illness. Importantly, because
naltrexone is not metabolized through the
cytochrome P450 pathway, there is less
potential for medication interactions (13).
Important drug interactions to consider are
those with other opioid-containing
medications, including antitussive and
antidiarrheal agents.

Recommendations and details
regarding specific medications in the
critically ill patient are highlighted in
Table 3.

Recommendations for theCare
of Critically Ill Patients
Receiving Long-Acting
Naltrexone Therapy

Based on the available literature,
consultation with pharmacists and clinical
chemists, and our experience as critical care
physicians, we propose the following

recommendations, recognizing that as
knowledge and experience increases, these
may be subject to change.

To begin, early identification of patients
receiving long-acting naltrexone, whether
by history, physical examination, or medical
records, is critical. Understanding the
timing of the last naltrexone exposure is
key to devising a strategy for analgesia and
to predict potential risks of opioid
administration. Laboratory testing may be
helpful to confirm naltrexone exposure,
although it does not provide information
about the duration of exposure. Given a
turnaround time of several days for
naltrexone assays, however, decisions about
optimal clinical management will have to be
made without this information. When
providing analgesia, providers should
maximize nonopioid analgesia if possible
(Table 3). If severe pain is present or
sedation is required, opioids may be used,
but they should be provided with substantial
caution and diligent monitoring. We favor
short-acting opioids initially to assess the
patient’s response, given that patients who
have received long-acting naltrexone may
have heightened sensitivity and
upregulation of opioid receptors. Because
naltrexone competitively binds with the mu
receptor, opioids with higher binding
affinity, such as fentanyl and
hydromorphone, may be preferable (29). If
the patient is within 4 weeks of his or her last
naltrexone injection, we recommend close
monitoring with low-ratio nursing,

waveform capnography, and consideration
of placing a nasal trumpet to maintain
airway patency for patients who are not
already intubated. For patients with a secure
airway in place who are receiving
mechanical ventilation, we recommend
using a controlled mode of ventilation to
ensure adequate minute ventilation. For all
patients receiving long-acting naltrexone
therapy, we recommend frequent
assessment of pain because of concerns
about hyperalgesia. Providers should
consider the use of objective methods for
assessing pain, such as the Critical Care Pain
Observation Tool (30).

If opioids are used for analgesia,
withdrawing these medications can present
challenges. Patients may require a taper of
opioids to attenuate pain and withdrawal
symptoms. We recommend partnering with
pharmacists, addiction medicine specialists,
and/or pain specialists when possible.
Providers should maintain vigilance for
withdrawal symptoms when reducing opiate
medications. Tools such as the Clinical
Opioid Withdrawal Scale, Clinical Institute
Narcotic Assessment, and others can be
used to monitor patients (31, 32).

Finally, providers must also consider
the ramifications of opioid exposure in
patients with opioid use disorder. Available
data suggest that patients on medication-
assisted therapy for opioid use disorder who
are exposed to opioids for treatment of acute
pain are not at an increased risk of relapse
(33). However, critical illness and its

Table 3. Adjunctive medications for critically ill patients receiving long-acting naltrexone requiring analgesia or anxiolysis

Medication Indication Considerations

Dexmedetomidine Anxiolysis and analgesia Dose may be limited by bradycardia and there is risk
for withdrawal with prolonged infusion

Nonsteroidal antiinflammatory medications Analgesia Concern for adverse drug reactions and for acute
renal injury

Acetaminophen Analgesia May need dose reduction with certain comorbidities,
such as liver disease

Ketamine Anxiolysis and analgesia Limited evidence base in critically ill patients, and
concern for increased risk of acute delirium in the
ICU setting

Gabapentin, pregabalin, carbamazepine Neuropathic pain and anxiolysis Dose reduction required in renal failure and concern
for medication interactions with carbamazepine

Dexamethasone Antiinflammatory Multiple adverse effects
Phenobarbital Anxiolysis Prolonged duration of action and potential for

medication interactions via cytochrome P450
system

Benzodiazepines Anxiolysis Risk of delirium, prolonged ventilation, and
paradoxical reactions

Propofol Sedation and hypnosis Commonly associated with hypotension

Definition of abbreviation: ICU= intensive care unit.

FOCUSED REVIEWS

Focused Reviews 1355



sequelae, such as post-ICU syndrome, may
place a patient at greater risk for opioid
relapse, given the associated stress, anxiety,
and possible prolonged recovery with
resultant disability. Furthermore, the
development of chronic pain after an ICU
stay and opioid prescriptions upon discharge
from the ICU are not uncommon (34–36),
and uncontrolled pain has been cited as a
major factor inciting relapse (37–39). With
these potential triggers in mind, providers
should ensure appropriate follow-up care and
potential reinitiation of long-acting
naltrexone therapy. Importantly,
communication, coordination, and planning
with continuity providers are key for the
long-term health and safety of these patients.

Conclusions

As the opioid epidemic evolves and
available therapies expand, ICU
providers will undoubtedly care for
patients receiving long-acting naltrexone
therapy who require analgesia and
sedation. In this review, we have
highlighted the multiple long-acting
naltrexone options available for patients
at this time, with the goal of increasing the
awareness of naltrexone implants, which
may become more popular. Because
long-acting naltrexone therapy impacts
medications for sedation and analgesia
frequently used in the ICU, updated clinical
practice guidelines incorporating available

data and expert consensus are needed. In
the meantime, we encourage case reporting
of the management of patients on long-
acting naltrexone given the limited
evidence regarding the optimal
management of these patients in the critical
care setting. Future studies of different
analgesia strategies, data regarding actual
risk of hypoventilation when opioids are
reintroduced, and more complete
understanding of the risk of relapse for
patients treated with opioids while
receiving long-acting naltrexone therapy
should be considered. n

Author disclosures are available with the text
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