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Naloxone dosage for opioid reversal:
current evidence and clinical implications
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Abstract: Opioid-related mortality is a growing problem in the United States, and in 2015
there were over 33,000 opioid-related deaths. To combat this mortality trend, naloxone is
increasingly being utilized in a pre-hospital setting by emergency personnel and prescribed
to laypersons for out-of-hospital administration. With increased utilization of naloxone there
has been a subsequent reduction in mortality following an opioid overdose. Reversal of opioid
toxicity may precipitate an opioid-withdrawal syndrome. At the same time, there is a risk of
inadequate response or re-narcotization after the administration of a single dose of naloxone
in patients who have taken large doses or long-acting opioid formulations, as the duration of
effect of naloxone is shorter than that of many opioid agonists. As out-of-hospital use of this
medication is growing, so too is concern about effective but safe dosing.
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Current context

Opioid overdoses have quadrupled in the past 15
years, and in 2015 there were over 33,000 opioid-
related deaths in the United States.! Opioid over-
dose induces respiratory depression that can lead
to hypoxia, hypercarbia and death. In an attempt
to expedite treatment and improve outcomes fol-
lowing overdose, naloxone is increasingly being
utilized in a pre-hospital setting by both emer-
gency personnel and prescribed to laypersons for
out-of-hospital administration.? Efficacy of rever-
sal following naloxone administration by layper-
sons is high, having been reported at 75-100%,>
and in general take-home naloxone programs are
considered effective for reducing opioid-overdose
mortality.*

Naloxone overall is a safe medication, and is not
known to cause harm when administered in typi-
cal doses to opioid-naive patients.>8 There is
concern about the precipitation of opioid-with-
drawal syndrome following its administration in
the setting of prior opioid exposure. Despite the
long-standing use of naloxone to reverse the
symptoms of opioid overdose or toxicity, appro-
priate dosing remains controversial, with varying
doses recommended over time and by medical
specialty.® In a hospital setting, this medication is
typically administered initially in a low dose,

which is then titrated to optimize reversal of opi-
oid-induced respiratory depression while attempt-
ing to minimize the risk of withdrawal.l® In a
non-medical setting, the ideal of gradually titrat-
ing naloxone to effect is not practical, thus a sin-
gle standardized initial dose for out-of-hospital
naloxone rescue has been sought. This review will
evaluate the literature to address the question of
optimal naloxone dosing to reverse opioid-
induced respiratory depression while minimizing
patient risk.

History

Naloxone was developed in the early 1960s as a
novel opioid antagonist with fewer side effects than
its predecessors.!! Naloxone hydrochloride is a
competitive mu-opioid receptor antagonist histori-
cally used only by trained clinical professionals for
the reversal of opioid overdose in an emergency or
inpatient setting. It is approved for administration
by a variety of routes, including intravenous (IV),
intramuscular (IM), subcutaneous (SQ) and intra-
nasal (IN), but is also administered via inhalation
following nebulization or endotracheal tube in
intubated patients.!>"14 Formulations for many
other routes of administration are currently under
development, including sublingual and buccal.!5
Naloxone is not typically administered orally due
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to extensive first-pass metabolism in the liver that
renders much of the drug inactive, although effi-
cacy has been reported for 1000-3000 mg doses
and the duration of action has been reported to be
6-24 h.16-18

Naloxone is considered a safe medication. In
2015 the American Association of Poison Control
Centers reported no fatalities due to naloxone
other than buprenorphine/naloxone combina-
tions.!? Naloxone has no effect at standard doses
in opioid-naive or non-opioid-dependent patients
in doses up to 1 mg/kg.%19-25 At high doses of 2
mg/kg IV or greater, patients experienced only
behavioral symptoms such as dizziness, paresthe-
sias, sweating, yawning, nausea, inertia and
diminished cognitive performance without seri-
ous side effects.26 Significant changes in systolic
blood pressure and respiratory rate without a sig-
nificant change in pulse were only observed in
healthy volunteers when given naloxone at doses
of 2—-4 mg/kg.2” Adams and colleagues also found
that among patients who did experience possible
naloxone-associated symptoms, there was no
relationship to dose.? When naloxone is admin-
istered to patients who are opioid-dependent or
acutely intoxicated with opioids, it can precipi-
tate an acute withdrawal syndrome, the symp-
toms of which range from mild behavioral
disturbances to reports of cardiovascular instabil-
ity and pulmonary edema.?8-3! For this reason,
the American Heart Association previously
empirically recommended an initial dose of
naloxone from 0.04 to 0.4 mg IV or IM, and
newer guidelines recommend using the ‘lowest
effective dose’ of naloxone to minimize risks of
withdrawal, although, as discussed below, it is
unclear if the occurrence of such life-threatening
events is dose-dependent, while the growing
number of opioid overdoses has resulted in the
inclusion of non-healthcare provider naloxone
administration in the 2015 guidelines at an initial
dose of 0.4 mg IM or 2 mg IN.32

Provision of naloxone directly to people with opi-
oid use disorder (OUD) was first proposed over
25 years ago.33 Beginning in the late 1990s,
numerous cities and countries developed pro-
grams for the distribution of naloxone Kkits to
high-risk individuals, with some countries going
so far as to reschedule naloxone to make it avail-
able over the counter.3436 Products recently
approved by the United States Food and Drug
Administration (FDA) for administration by non-
medical bystanders include an intramuscular

autoinjector, Evzio®, approved in April 2014,
and a spray device for intranasal delivery,
Narcan®, approved in November 2015.37:38

Recently the FDA has approved a newer version
of Evzio® that delivers 2 mg of naloxone IM/SC,
five times the initial dose administered by the
original device.3%40 The increase in dose followed
growing numbers of opioid overdoses due to
highly potent synthetic opioids, such as fentanyl,
as well as reports of emergency medical services
(EMS) use of naloxone in a pre-hospital environ-
ment revealing an increasing percentage of
patients who require multiple doses of nalox-
one.*1:42 During this same time frame, the num-
ber of fatalities associated with more potent
synthetic opioids such as fentanyl grew, calling
into question the most effective dose of nalox-
one, particularly when delivered in a pre-hospital
setting by individuals without training in or
access to advanced life-support techniques.41:43
As the number of naloxone products intended for
use in such non-medical settings grows, so too
does concern about appropriate dosing of this
medication to ensure adequate reversal of life-
threatening opioid overdoses while minimizing
the risk of adverse events. Another concern is the
lack of dosing information in special populations.
Currently the product labels for naloxone auto-
injectors and other pre-prepared products do not
have altered dosing for children or pregnant
women, although these doses are within the rec-
ommended range for pediatric resuscitation.**
The common thought is that it is best to have
effective-dose products available in the commu-
nity that will work on the majority of the
population.

Opioid withdrawal

People who inject drugs (PWID) may have a
negative overall impression of naloxone due to its
association with an acute withdrawal syndrome,
which can present with symptoms such as agita-
tion, drug craving, piloerection, vomiting, hyper-
tension and tachycardia, but these are rarely
life-threatening.4> In addition, naloxone adminis-
tration can result in violent patient behavior upon
reversal of opioid-induced sedation.*® Though
rarely fatal, reports of life-threatening or lethal
responses to naloxone administration exist;
severe but rare reported side effects of opioid
withdrawal include pulmonary edema, cardiac
arrhythmias, profound hyper- or hypotension
and cardiac arrest.4”
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Pulmonary edema

There are multiple reports of pulmonary edema
associated with naloxone administration; how-
ever, opioid overdose itself can result in non-car-
diogenic pulmonary edema (NCPE), which is
observed in most fatal opioid overdoses, even
those occurring before the widespread use of
naloxone,*:4° with a reported prevalence of 48%
in hospitalized opioid overdose patients, although
this number is likely an overestimation of the inci-
dence of this condition overall due to an underes-
timated denominator that did not include patients
who were not admitted to the hospital.’® The
incidence of such pulmonary edema has decreased
in the past few decades, likely related to improve-
ments in EMS treatment of opioid toxicity,
including increased pre-hospital administration
of naloxone.*® Opioid-induced pulmonary edema
is likely a form of neurogenic pulmonary edema,
which results following neurologic injury involv-
ing both a hemodynamic and an inflammatory
response to brain or cervical spinal insult, result-
ing in both vasoconstriction with subsequent
increased pulmonary hydrostatic pressure as well
as increased capillary permeability.5! The tracheal
edema fluid from patients who developed pulmo-
nary edema following heroin use demonstrates
evidence for such increased pulmonary capillary
permeability.>2 The effects of this change in pul-
monary function may merely be revealed by the
reversal of opioid-induced respiratory depression
following naloxone administration.3!

Reports of naloxone-associated pulmonary edema
following reversal of opioid-induced respiratory
depression are diverse. This phenomenon has
been observed among young and old patients and
after a wide range of naloxone doses. In some
cases, the patient had an underlying pulmonary
condition prior to the opioid overdose.>3 However,
the rapid development of pulmonary edema fol-
lowing naloxone administration to reverse the
effects of opioid anesthesia in post-operative
patients has been repeatedly described. In some
cases the surgical procedure involved the admin-
istration of large volumes of IV fluids,>*3> but
others involve healthy young adults emerging
from anesthesia after relatively minor surgical
procedures.>%-58 The total doses of naloxone given
prior to the development of pulmonary edema
range from 0.08 mg to 0.4 mg, and include cases
where naloxone was carefully titrated in small
increments or given as a single bolus.5438 In most
cases, the edema quickly resolved, particularly in
response to furosemide and/or additional opioid.

Pulmonary edema is presumed to involve the
release of catecholamines following naloxone
reversal of opioid analgesia. In dogs, naloxone
produced an increase in HR and MAP in all ani-
mals after fentanyl but produced an increase in
catecholamines only in hypercapnic dogs.>® In
humans, most patients who receive naloxone do
so because of respiratory depression and are likely
to be hypercapnic, but overall the incidence of
naloxone-induced pulmonary edema appears to
be rare and primarily encountered within the
peri-operative arena.

Severe cardiovascular events

Naloxone administration is generally associated
with an increase in heart rate, cardiac output and
arterial blood pressure in humans and in dogs,®®
and studies in the latter have shown increased
coronary blood flow and myocardial oxygen con-
sumption.61:62 Initially, studies of the administra-
tion of high doses of naloxone to patients with
OUD under general anesthesia for purposes of
detoxification produced no significant changes in
heart rate, mean arterial pressure, cardiac index,
peripheral resistance or oxygen saturation.%3
However, later studies found that such treatment
with naloxone is accompanied by a 30-fold and
3-fold increase in epinephrine and norepineph-
rine plasma concentrations respectively, and that
this catecholamine surge is associated with sig-
nificant increases in cardiac index, stroke volume
index, heart rate, whole-body oxygen consump-
tion and a systemic vascular resistance index
decrease, all consistent with the effect of epineph-
rine.%4-%6 In the post-operative period, Tigerstedt
and Tammisto observed that when patients were
given 0.08 mg naloxone after anesthesia with fen-
tanyl, there were no significant differences
between the naloxone and control groups in CO,
output, O, uptake or cardiac index.” However
when 0.16 mg of naloxone was similarly adminis-
tered to patients 10 min after fentanyl-supple-
mented balanced anesthesia, there were significant
increases in respiratory rate, minute volume, CO,
output and O, uptake, as well as an increase in
the cardiac index, thought to reflect a metabolic
increase that may not be tolerated in all patients,
thus careful titration was recommended.

Cardiovascular events following administration of
naloxone after surgical anesthesia have included
severe hypertension, atrial tachycardia and ven-
tricular tachycardia or fibrillation in patients who
underwent open heart surgery and were seen after
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a wide range of doses (0.1-0.4 mg).%%:%° Such
events have also been reported in response to
naloxone in patients with underlying cardiac dys-
rhythmias?® as well as during reversal of opioid
overdose in PWID, particularly those who also
use stimulant drugs such as cocaine or ampheta-
mines.”1-7¢ Post-operative naloxone administra-
tion precipitated severe hypertension that led to
re-bleeding of a cerebral aneurysm.”> However,
sudden death has also occurred following 0.2 mg
of naloxone administration to healthy adults with
no medical problems after uncomplicated ortho-
pedic surgeries.’6

In light of these risks, many authors have recom-
mended the cautious use of naloxone in divided
doses.”” However, as some of these events
occurred following doses >2 pg/kg, it is unclear
what, if any, dose should be considered safe.
Thus, the risk of under-dosing the antagonist to
reverse opioid toxicity may not be balanced by the
presumed avoidance of severe adverse effects if
these may present at such small doses in suscepti-
ble individuals; however, even non-life-threaten-
ing withdrawal symptoms may adversely impact
an opioid user’s decision to administer naloxone
to a peer.

Pharmacokinetics and pharmacodynamics
After IV administration, approximately 60—-65%
of naloxone is excreted through the kidney as
conjugated metabolites.!® Naloxone undergoes a
rapid and extensive hepatic metabolism to conju-
gated (naloxone-3-glucuronide), n-dealkylated
and reduced metabolites.!878-80 The serum half-
life of naloxone is approximately 60 min, though
individual variations range from 30-90 min, and
the serum half-life of morphine is similar at 62
min (ranges from 20 to 120 min).!8:81:82 The vol-
ume of distribution and metabolic clearance fol-
lowing an IV bolus of naloxone are about 200 L
and 2500 L/d, respectively.!8

Naloxone transfers and equilibrates rapidly
between the plasma and the brain, and has a
blood effect-site equilibration half-life of
6.5 min,®3 comparable to that of fentanyl and its
similarly lipid-soluble analogs and in contrast to
the more hydrophilic morphine molecule.’%85 In
addition to simple diffusion, the transfer of both
naloxone and fentanyl across the blood-brain
barrier (BBB) also involves a saturable trans-
porter in animal and i vitro models, and for low,
therapeutic concentrations of fentanyl, this

mechanism may produce a 2.5-fold increase in
brain endothelium fentanyl levels over simple dif-
fusion alone.86-87 In animal studies, naloxone lev-
els in the brain 5 min after an IV bolus are indeed
higher than those in serum, but the levels decline
in parallel following this initial peak, while in con-
trast brain levels of morphine decline very slowly,
remaining near the initial concentration for 1 h
despite a rapid decline in serum morphine con-
centration over this period.8! This could account
for the very short duration of morphine antago-
nism by naloxone despite overall similar serum
pharmacokinetics, as the effects of morphine are
delayed in onset but outlast those of naloxone
likely due to the lower lipid solubility of morphine
and its retention in the brain.18:80,81

One of the initial studies of parenteral naloxone
dosing in a clinical setting found that all patients
who had received high doses of IV morphine (up
to 6 mg/kg) as the sole anesthetic for cardiac sur-
gery experienced reversal of post-operative res-
piratory depression following 10 pg/kg of naloxone
IV administered in divided doses of 5 pg/kg.88
Additional studies in anesthetized patients have
also reported 5 pg/kg IV to be an adequate dose to
protect against or reverse opioid-induced respira-
tory depression measured as both respiratory rate
and minute volume; however, this dose often
needs to be repeated or followed by an infusion of
naloxone to maintain this effect.”-88:89

Receptor antagonism

Just as different opioids vary in the degree and
duration of respiratory depression they induce, so
too do they differ in their ease of antagonism by
naloxone.?%°! In addition to its rapid elimination
and blood-brain transfer, the receptor associa-
tion/dissociation kinetics of naloxone are fast.83-92
With regard to the potency of naloxone, 1.55 pg/
kg is required to reduce the effect of a 12 mg mor-
phine dose by half®3; however, predicting an ade-
quate dose in a clinical setting is challenging as
effective antagonism of opioid toxicity depends
upon the amount of opioid present and its
potency, as well as its interactions with the opioid
receptor.?%9 The former are dependent not only
upon the specific opioid and the dose adminis-
tered, but also the route of administration and the
patient’s ability to clear the drug, further compli-
cating accurate prediction of an effective dose of
naloxone to adequately reverse opioid toxic-
ity.?%97 Moreover, an opioid’s affinity for and
kinetics of association and dissociation with the
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opioid receptor also greatly impact its ease of
reversal by naloxone.®®8 A dose of 13 pg/kg
(approximately 1 mg in an 80 kg individual) of
naloxone will occupy 50% of available receptor
sites in the human brain,®® but as naloxone is a
competitive antagonist at the mu-opioid receptor,
this dose may be insufficient to reverse toxicity
due to very large overdoses or compounds with a
higher affinity for the mu-opioid receptor, in
which case very few opioid binding sites remain
unoccupied.

The respiratory depression induced by buprenor-
phine, a partial agonist with a notably high affinity
for the mu-opioid receptor, is resistant to antago-
nism by typical doses of naloxone.?%100 Gal tested
the efficacy of several doses of naloxone to reverse
the respiratory depression caused by a large (0.3
mg/kg) IV dose of buprenorphine.!®! They found
that 1 mg IV had little effect, but 5 mg and 10 mg
of naloxone both reversed the respiratory depres-
sion, though the larger dose did so to a greater
degree. This effect was delayed and did not reach
its maximum until 3 h after naloxone administra-
tion, which is in stark contrast to the very rapid
(2-3 min) reversal of the respiratory effects of
most other opioids.!9? Similarly, van Dorp and
colleagues found that a 0.8 mg dose of naloxone
had minimal effect on the respiratory depression
induced by 0.2-0.4 mg of buprenorphine.103 A 2
mg IV bolus of naloxone followed by a 2 h infu-
sion of naloxone at 4 mg/h did adequately reverse
the respiratory depression of a smaller dose of
buprenorphine, while a 3 mg IV initial bolus was
required prior to the infusion to reduce the res-
piratory effects of the larger buprenorphine dose.
This response was delayed despite increasing the
dose of naloxone to counteract the effects of the
higher opioid dose and the improvement in respi-
ration was not complete until 40-60 min after
naloxone administration, regardless of the antago-
nist dose. Most interestingly, full reversal =20%
was achieved for all buprenorphine doses after a
naloxone dose between 2 mg and 4 mg, while
higher doses of naloxone than this demonstrated a
reduced ability to antagonize the buprenorphine-
induced respiratory depression, resulting in an
inverse-U-shaped dose-response curve.

Naloxone more slowly antagonizes the respiratory
depression induced by the morphine metabolite,
morphine-6-glucuronide (M6G), than it does the
respiratory effects of morphine, owing to the
slower receptor association—dissociation kinetics
of M6G.1%¢ However, the duration of naloxone

reversal is longer for M6G than for morphine,
likely impacted by naloxone’s four-fold greater
potency as an antagonist of the metabolite than
the parent compound. In healthy volunteers,
increasing the naloxone dose did not improve the
speed of reversal of M6G-induced respiratory
depression, but did increase the degree and dura-
tion of reversal. In contrast, alfentanil-induced
reduction in respiratory response to a hypoxic
challenge is rapidly reversed by a single IV dose of
naloxone 6 ug/kg.%*

The rapidity of reversal of opioid-induced respir-
atory depression is dependent upon these opioid
agonist-receptor interactions for most opioids
other than those with very fast receptor associa-
tion—dissociation kinetics, such as fentanyl, and
thus is not hastened by increasing the dose of the
opioid antagonist.104-106 Hence, the interactions
between the opioid agonist and the mu-opioid
receptor may be the greatest determinant of the
speed of recovery from the respiratory effects of
many opioids, which may not markedly accelerate
with increasing doses of naloxone, but rather
respond to a minimum effective dose, while for
compounds like buprenorphine, higher doses of
naloxone may even lose efficacy.

There has been a recent international increase in
the number of opioid overdoses attributable to
fentanyl.43:107:108 Dye to its high lipophilicity,
fentanyl rapidly equilibrates between the plasma
and the cerebrospinal fluid, leading to a fast onset
of both analgesia and respiratory depression,
while this same property results in extensive
redistribution to less highly perfused tissues such
that fentanyl is typically considered a very short-
acting opioid when given IV; however, its dura-
tion of action is prolonged by large doses that
progressively saturate these tissues, and delayed
respiratory depression may even be seen.1%® A
growing number of reports of opioid toxicity due
to fentanyl or its derivatives such as carfentanil
(100 times more potent than fentanyl) describe
resistance to reversal with standard doses of
naloxone,110-112

National EMS data from 2015 reveals that almost
one-fifth of patients receiving naloxone from EMS
required more than one administration, up from
one-sixth of patients in 2012; in Massachusetts,
almost one-third of all incidents treated with
naloxone required multiple administrations,
although the doses and routes through which they
were administered are not clear.#1:113 Numerous
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reports describe fentanyl overdoses initially unre-
sponsive to IN naloxone and only transiently
reversed with IV naloxone (if at all), requiring
additional IV doses or continuous infusions to
prevent recurrence of toxicity and respiratory
depression.110:112,114 There are similar case reports
of controlled-release oxycodone overdose requir-
ing massive doses of naloxone (over 100 mg in
under 12 h) for reversal.!l> These reports may
reflect the magnitude of over-dosing in these cases
due to the compounds’ high potency or dose as
opposed to their intrinsic resistance to naloxone
antagonism as is seen with buprenorphine.
Remarkably, serum fentanyl levels in several
patients hospitalized for such an overdose were up
to three times greater than the highest therapeutic
concentration for analgesia, and were almost four
times greater than the maximum therapeutic level
among those patients who died.!!® In those fatal
cases, postmortem testing detected no norfenta-
nyl, the primary metabolite of fentanyl, presuma-
bly because the patients died before metabolism
could occur, thus it is unlikely that any dose of
naloxone could have reversed the effects of such
an immense overdose. As the number of deaths
due to synthetic opioids such as fentanyl increased
by over 72% from 2014 to 2015, such reports
have prompted the FDA to re-evaluate recom-
mended naloxone dosing out of concern for inad-
equate reversal of these potent opioids.43:117

Duration of effect

The duration of reversal of opioid-induced respira-
tory depression is brief and dependent upon the
dose and potency of the opioid given, as well as the
amount of naloxone administered. In healthy vol-
unteers, a 0.4 mg IV dose of naloxone reversed the
sedation induced by morphine 0.3-0.6 mg/kg
within 2 min of administration, but the subjects
began to feel the effects of the morphine again after
15-30 min and returned to the pre-naloxone level
of sedation within 45 min.!!® Surgical patients
receiving high-dose morphine required additional
doses of IV naloxone anywhere from 30 min to 90
min after initial reversal.®®:89 There are reports that
combining IV and IM administration of naloxone
extends the duration of effect,8%!1° but the larger
doses administered may precipitate opioid-with-
drawal symptoms and may not confer a survival
benefit following opioid overdose.120

Continuous IV infusions of naloxone best prevent
recurrence of opioid-induced respiratory depres-
sion while minimizing the risk of opioid-withdrawal

symptoms expected to follow a large bolus
dose.121-12¢ Under experimental conditions in
healthy volunteers, it was found that 3.66 pug/kg of
naloxone given as a bolus then infused at this rate
for 10 h would reverse the respiratory and seda-
tive effects of 2 mg/kg morphine in volunteers,
though not to baseline levels; however, there was
a high incidence of vomiting within the first 4 h of
the infusion.!92 Based upon available pharma-
cokinetic data, Bradberry and Raebel recom-
mended that opioid overdoses be treated with a 5
ug/kg loading dose of naloxone immediately fol-
lowed by 2.5 pg/kg infused over 60 min, then con-
tinued as needed for 24-48 h or greater based
upon the presenting level of unconsciousness or
the involvement of methadone, a long-acting
opioid.!2!

After the long-acting opioid buprenorphine was
administered to healthy volunteers, an infusion of
naloxone was required to sustain a reduction in
buprenorphine-induced respiratory depression;
once the infusion ended, ventilation rapidly
declined, reaching pre-infusion values within an
hour, though still remaining twice what was
observed among patients treated with placebo
instead of naloxone.193 Kinetic modeling suggests
that to reverse the respiratory effects of buprenor-
phine, an infusion of naloxone 4 mg/70 kg/h is
necessary to avoid recurrence of respiratory
depression, as this dose produces almost com-
plete reversal of the drug’s respiratory effects;
doses greater than this may actually be less effec-
tive for buprenorphine reversal, though there is as
yet no clear explanation for this bell-shaped
response curve to naloxone.83

Clinically, naloxone has been administered as an
infusion of 4-5 pg/kg/h following initial 1.5 pg/kg
boluses to maintain respiration in post-surgical
patients whose intra-operative anesthetic con-
sisted of high-dose fentanyl (100 pg/kg) or sufen-
tanil (20 pg/kg) without precipitating withdrawal
symptoms beyond nausea, vomiting and head-
ache.1?22 To prevent more serious withdrawal
symptoms, the authors recommended that a sin-
gle IV bolus dose of naloxone should not exceed
1.5 pg/kg at ‘an appropriate interval’, yet all of the
20 patients required at least two such boluses and
on average 4—7 boluses depending upon which
opioid they had been administered, while the
overall frequency of headache, nausea and vomit-
ing did not differ from that reported in a study of
patients after a similar anesthetic who did not
receive post-operative naloxone. In a larger study
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of naloxone infusion following high-dose fentanyl
(mean dose 127 pg/kg) anesthesia by Takahasi
and colleagues, naloxone was initially given as 50
ug boluses IV repeated at 2 min intervals until the
patients fulfilled extubation criteria, which totaled
on average 3.4 *+ 2.6 ug/kg and did not precipitate
any adverse symptoms.!23 At this point an infu-
sion of naloxone was begun at an hourly rate
equal to the sum of the bolus doses. This rate was
adjusted up or down depending upon the patient’s
ability to maintain spontaneous respiration, the
development of acute sympathomimetic or psy-
chomimetic symptoms, or increased pain, the lat-
ter of which was the most common reason for
dose adjustments. The total administered dose of
naloxone, which needed to be infused for 10.8 *+
6.7 h after surgery, was 26.9 = 23.2 ug/kg/h. The
amount of naloxone required before the patients
met extubation criteria was greater in this study
than in the previously described report, likely due
to the larger dose of fentanyl used by Takahashi,
yet among their patients Takahashi and col-
leagues found no correlation between fentanyl
and naloxone in terms of doses given nor plasma
concentrations, reflecting the large variation in
the balance of opioid and naloxone between indi-
viduals. Also important to note was the one
patient who was excluded from the study after
failing to adequately increase respiration after 600
ug of naloxone. Among the included patients, the
mean plasma naloxone level at extubation and 3 h
later was approximately 6 * 4 ng/ml; previous
pharmacokinetic studies have shown that 5 min
after injection with 0.4 mg of naloxone the plasma
concentration is 4.3 * 0.3 ng/ml.8! Rawal and
colleagues administered epidural morphine to
patients after abdominal surgery followed by
naloxone bolus then infusion of either 0.4 mg and
10 pg/kg/h or 0.2 mg and 5 pg/kg/h or saline pla-
cebo.1?* None of their patients complained of
pain after the bolus injection and visual analog
scale scores were similar among both groups
receiving naloxone, though were significantly
higher than the placebo group at multiple time
points, and the duration of analgesia from the epi-
dural morphine was significantly shorter in the
high-dose naloxone group compared to the pla-
cebo group. There were no major adverse effects
noted, with an overall very low rate of nausea,
vomiting and pruritis among all groups without
significant differences. There was a marked
improvement in respiratory rate in the groups
receiving naloxone compared to placebo. At these
doses, the average concentration of naloxone at

5 h was 3.68 ng/ml and 5.07 ng/ml for the 5 ng/
kg/h and 10 pg/kg/h groups, respectively.124

Goldfrank and colleagues devised a dosing nomo-
gram for the administration of a continuous
naloxone infusion for the treatment of opioid
overdose to overcome the short duration of effect
of naloxone.?® The authors discovered a large
amount of variability after an IV bolus of nalox-
one (0.8 mg or 2 mg) in the beta rate constant of
elimination among the seven patients sampled to
develop the nomogram. They concluded that ini-
tial bolus dosing should be determined clinically
to avoid over-dosing the patient with naloxone
and precipitating withdrawal, but that once this
value is determined, an infusion equal to two-
thirds this initial dose per hour should suffice to
prevent recurrence of respiratory and neurologic
depression.

Route

Naloxone IM is frequently used by emergency
response teams and emergency department pro-
viders to rapidly administer naloxone when IV
access is not readily available and in an attempt to
prolong the activity of naloxone.!25-127 Naloxone
has similarly been made available for layperson
IM administration in cases of opioid overdose via
standard syringes and needles or a prefilled auto-
injector.128 The latter device reduces the risk of
needlestick via an automatically retracting needle
and results in a 15% greater maximum concen-
tration than delivery via a standard needle and
syringe.129

The intranasal (IN) administration of naloxone to
reverse opioid overdose has been increasingly uti-
lized due to ease of administration by laypersons
as well as improved safety for EMS personnel
through avoidance of potential needlestick inju-
ries when treating a patient population at high
risk for blood-borne illnesses.1?8 The absorption
of medications may be reduced by abundant nasal
secretions or blood as well as prior use of vaso-
constrictors such as  decongestants or
cocaine.!30-133 T jke IM injection, IN administra-
tion allows drug delivery without the establish-
ment of IV access, which can be particularly
challenging in PWID. Naloxone given via both
routes may provoke less severe withdrawal symp-
toms than when an equal dose is administered
IV.13¢ However, the pharmacokinetics of the two
routes differ substantially.
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In a study of the population pharmacokinetics of
IN naloxone in healthy volunteers, Dowling and
colleagues found that 0.8-2 mg of a standard 0.4
mg/ml concentration of naloxone has poor bioa-
vailabilty of 4% (versus 35% for IM).135> Compared
to IM injection of 0.8 mg, IN delivery of 2 mg of
naloxone resulted in more rapid time to peak
concentration by about 5 min, but naloxone was
only measurable in the blood for an hour versus
up to 4 h following IM administration. This
study was limited by the small number of partici-
pants and the large volume of liquid (5 ml)
administered IN to achieve the highest dose,
likely resulting in a large portion of the dose pool-
ing in the nasopharynx before being swallowed;
naloxone levels were only measurable in two out
of six subjects after IN administration. In con-
trast, following administration of 0.2 ml per nos-
tril of a 20 mg/ml or 40 mg/ml dose, the
bioavailability of IN naloxone was found to be
approximately 25%, although the time to maxi-
mal concentration for these larger doses was 2—3
times greater than that reported by Dowling and
colleagues.!3¢ When 2-8 mg of naloxone was
administered IN in a low volume via an FDA-
approved device, plasma naloxone concentration
rose faster, reached a higher maximum (C__,)
and remained elevated longer than after a typical
0.4 mg IM dose.!3” However, a 2 mg dose of IM
naloxone via autoinjector results in a C_,, nearly
twice that of the same dose given IN.,138:139

Naloxone use and efficacy

Use by non-medical personnel [Table 1]

The implementation of programs to distribute
naloxone Kkits to opioid users for peer administra-
tion, typically in conjunction with education
about appropriate bystander response following
an opioid overdose, has been associated with a
decrease in the number of opioid-related deaths,
particularly among high-risk groups.!40-143 In a
rural county in North Carolina, for example,
where overdose deaths are most commonly due
to prescription opioid analgesics rather than her-
oin, the overdose death rate fell from 46.6 per
100,000 to 29.0 per 100,000 in the year following
the introduction of an overdose-prevention pro-
gram that included the distribution of naloxone to
community members among other interventions
such as patient and physician education about
opioid use.!** Numerous communities are also
training non-medical first-responders such as
police and firefighters to administer naloxone in

cases of suspected overdose.!4%145> However, due
to inconsistencies in study design, aims and
reporting, as well as limitations in follow-up, it is
difficult to evaluate the effects of such programs
in aggregate.

American Heart Association guidelines recom-
mend that victims of opioid-induced respiratory
depression treated with naloxone by non-medi-
cal observers should access advanced healthcare
systems.!2 Bystanders of PWID frequently report
not calling EMS when witnessing an opioid
overdose.146-148,152,154157 Tt {g thus imperative
that naloxone be available and administered in
adequate dosage to reverse most opioid-induced
respiratory depression. The manufacturer rec-
ommended initial dose is 2 mg or 4 mg IN or 0.4
mg or 2 mg IM/SC to be repeated after 2-3 min
if needed; however, there is no consensus nor
recommendation to guide which of the available
doses should be selected in a given case of opioid
overdose.47-166 However, as the half-life of nalox-
one after IV administration is approximately 1 h
and the duration of effect is 45-180 min, there is
a risk of recurrence of respiratory depression or
inadequate response following reversal with
naloxone when treating the effects of long-
acting, high-dose or potent synthetic
opioids.18:81,119,167-169 Although there has been a
surge in the number of heroin-overdose deaths
in recent years with heroin-related deaths out-
numbering deaths due to opioid analgesics as of
2015, there are still a large number of the latter
and it may be difficult to differentiate respira-
tory depression due to a short-acting agent such
as heroin from that caused by a longer-acting
prescription medication or by a highly potent
synthetic opioid like fentanyl and its deriva-
tives.!7? In addition, 79% of patients experience
acute morbidity from non-fatal opioid over-
dose.!”! There is no literature evaluating long-
term morbidity associated with non-fatal opioid
overdose.

Pre-hospital use by EMS (Table 2]

Route. Despite the poor bioavailability of stan-
dard concentration (0.4—-1 mg/ml) IN naloxone,
there are numerous reports of its clinical efficacy
being equal to or surpassing that of IV adminis-
tration.!3%172-174¢ Barton and colleagues evaluated
the pre-hospital administration of IN followed by
IV naloxone to patients suspected of opioid over-
dose.!”> Among 52 patients that responded to
either IV or IN naloxone, 83% responded to an
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initial 2 mg IN dose. Sixteen percent of these
patients required additional IV naloxone, while a
single IN dose resulted in sufficient and sustained
improvement in 84% of responders, and no
patients in either group reported severe with-
drawal reactions. The patients who responded to
IV naloxone but failed to respond to IN naloxone
were noted by the paramedics to have epistaxis,
nasal mucus, trauma or septal abnormalities.
Contrary to what would be expected based upon
the pharmacokinetics described above, in a pro-
spective, randomized trial of 2 mg (0.4 mg/ml)
naloxone delivered either IN or IM to 155 patients
suspected of opioid overdose in a pre-hospital set-
ting, the patients who received IM naloxone
responded faster and were more likely to achieve
the primary outcome of more than 10 respirations
per minute within 8 min (82% versus 63%).17°
There were no major adverse events in either
group, but the patients who received IM naloxone
experienced more minor adverse events, most
notably a 13% rate of agitation/irritation versus
2% in the IN group. IN naloxone alone was suf-
ficient to reverse opioid toxicity in 74% of patients
that received it. A follow-up study employed a
similar design but utilized a more concentrated 2
mg/ml formulation of naloxone.l”” Of the 172
patients enrolled in the randomized, controlled
trial, 75% responded within 10 min of 2 mg nal-
oxone administration and the response rate was
similar between both the IM and IN groups; how-
ever, more patients in the IN group required fur-
ther rescue naloxone treatment. The rates of
minor adverse events were similar among both
groups (19% overall; 6% IN versus 8% IM agita-
tion, 8% nausea/vomiting in both and 4.8% versus
3.3% HA). The approximately 75-85% response
rate following a 2 mg IM or IN dose of naloxone
raises concern about the remaining 15-25% of
patients who do not respond within 8-10 min,
particularly when treated by laypersons without
extensive training in additional resuscitation
maneuvers.

Recurrence of respiratory depression. It has been
well described that the agonist effects of many
commonly used opioids far outlast the duration of
effect of a single IV bolus dose of naloxone.!18 As
naloxone is increasingly being used in community
and pre-hospital settings, questions have arisen
regarding the duration of effect following nalox-
one reversal of opioid overdose.120,193

A recent review of studies examining the need for
hospital evaluation and the duration of observation

following naloxone administration for heroin over-
dose found that of 5443 patients treated for opioid
overdose with naloxone in a pre-hospital setting,
there were four deaths, which suggests that the
doses currently administered are of adequate mag-
nitude and duration to counter most opioid over-
doses following initial treatment, though this may
consist of repeated doses.!?° Unfortunately, the
route of administration was not recorded in all
cases, although three of the four patients who died
received a combination of IV and IM naloxone in
an attempt to extend the duration of its effect.
Among the 1069 overdoses attributed solely to
heroin, which has a shorter duration of effect than
most prescription opioids, there were no deaths.
The majority of the data included in the analysis
was obtained prior to the recent increase in deaths
attributable to fentanyl, and the authors note that
for respiratory depression due to long-acting opi-
oids, it may not be reasonable to discharge patients
once they are fully alert following naloxone admin-
istration.43 Boyd and colleagues evaluated deaths
among 71 patients with a diagnosis of heroin over-
dose who were administered naloxone by varying
routes (IV, IM/SC and IV plus IM/SC in similar
proportions) and subsequently not transported to
the hospital.18% After pre-hospital care, all had a
Glasgow Coma Scale of 14 or 15 and demon-
strated no hypoventilation. No deaths or life-
threatening events were recorded among this
group in the 12 h after treatment. However, among
the 52 heroin-overdose patients who were given
naloxone and then transported to the hospital, 12
patients were administered additional naloxone in
the ED due to respiratory depression with signs of
recurrent opioid toxicity, and 9 of these patients
received more than one dose of naloxone due to
recurring respiratory depression. Among all 123
patients given naloxone, over 70% were adminis-
tered <0.4 mg, 29.3% received 0.4—0.8 mg, and
the median dose among those not transported to
the hospital was 0.4 mg.

Conclusion

The administration of naloxone presents a chal-
lenge of balancing opposing outcomes, namely
the reversal of opioid toxicity while avoiding opi-
oid-withdrawal syndrome, as routine occurrence
of the latter may reduce the willingness of PWID
to administer the reversal agent when witnessing
an overdose.1%4 Current evidence suggests that in
the hands of trained medical personnel in an envi-
ronment replete with additional life-support
equipment, favoring the avoidance of withdrawal
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by utilizing a small initial dose of naloxone is safe.
In this setting, the most expeditious route of
administration (i.e. IM) may at times be neces-
sary, but in general IV dosing is most reliably effi-
cacious, titratable and predictable. However, in
the hands of laypeople without adequate training
or equipment to provide prolonged respiratory
support, the risk of under-dosing naloxone far
outweighs the potential risks of precipitating opi-
oid withdrawal. In such cases, the risk of inade-
quate reversal of opioid toxicity is far greater than
the risk posed by over-antagonizing respiratory
depression to the point of precipitating opioid
withdrawal, as the latter is unpleasant but rarely
life-threatening, while untreated opioid overdose
is frequently fatal, particularly as the incidence of
overdose due to potent synthetic opioids rises. It
is conceivable that naloxone and fentanyl share a
transporter for cellular influx that becomes satu-
rated by a high plasma concentration of fentanyl,
preventing rapid influx of naloxone across the
BBB regardless of dose,!9 or simply that recent
reports of fentanyl and carfentanil toxicity resist-
ant to naloxone reversal reflect a magnitude of
over-dosing that results in an effect-site opioid
concentration far exceeding that with which cur-
rent standard doses of naloxone can compete for
binding at the mu-opioid receptor. Unfortunately,
there are no studies of naloxone kinetics in the
setting of supra-therapeutic fentanyl doses, nor
are there controlled trials to direct appropriate
initial dosing of naloxone based upon the opioid
and dose to which the patient was exposed, and
such knowledge may be difficult to apply in cases
of layperson naloxone administration. Real-world
data from take-home naloxone programs remains
limited by an incomplete denominator that fails
to account for the fate of every naloxone dose dis-
pensed. Fortunately, in addition to providing
naloxone to individuals at risk of opioid overdose,
all of the take-home naloxone programs noted
herein include training in appropriate overdose
response measures, including basic resuscitation
and use of EMS in addition to the administration
of naloxone, which may also help to mitigate the
mortality associated with the rising trend of opi-
oid misuse.

With these concerns in mind, the FDA Anesthetic
and Analgesic Product Advisory Committee met
in October 2016. During this meeting, the
Committee recommended by a small majority to
the FDA to increase the minimum standard
naloxone exposure to be achieved by products
intended for use in the community setting.

Currently, the FDA is still considering these rec-
ommendations and no formal recommendation
has been made regarding a minimal naloxone
dose for layperson administration. In addition,
this committee voted against creating separate
dosing standards for adults and children, arguing
that simplicity of administration outweighs the
possibility of adverse effects from over-dosing of
naloxone given its long history of safety. For a full
review please see the FDA website at www.fda.
gov/AdvisoryCommittees/CommitteesMeeting
Materials/Drugs/AnestheticAndAnalgesicDrug
ProductsAdvisoryCommittee/ucm486848.htm.
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