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Abstract Carfentanil is a synthetic fentanyl analogue
approved for veterinary use. It is a mu-opioid receptor
agonist with an estimated analgesic potency approximately
10,000 times that of morphine and 20-30 times that of
fentanyl, Since 2016, an
increasing number of reports describe detection of
carfentanil in the illicit drug supply. Little is known
about the pharmacology of carfentanil in humans. Its high
potency and presumed high lipophilicity, large volume of
distribution, and potential active metabolites have raised
concerns about the management of people exposed to
carfentanil as well as the safety of first responders.
Exposed individuals exhibit features of an opioid
toxidrome and respond to opioid antagonists such as
naloxone, although empiric dose requirements are
unknown and very high doses may be required. Rare
reports of suspected accidental poisoning of first
responders have not been analytically confirmed and are

based on animal studies.
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unlikely to represent true poisoning. General occupational
hygiene measures, including regular decontamination with
soap and water, basic personal protective equipment
(nitrile gloves, N95 mask, and eye goggles), and ready
access to naloxone are generally sufficient in most
circumstances.

Résumé Le carfentanil est un analogue synthetique du
fentanyl approuve” pour usage veterinaire. C’est un
agoniste du recepteur mil des opioides ayant une
puissance analgesique estimee, da partir d’etudes chez
I’animal, a environ 10 000 fois celle de la morphine et 20 a
30 fois celle du fentanyl. Depuis 2016, un nombre croissant
de rapports font etat de la presence de carfentanil dans les
drogues illicites. On ne sait que peu de choses sur la
pharmacologie du carfentanil chez I’homme. Sa puissance
pharmacologique et sa forte lipophilie supposee, un grand
volume de distribution et de possibles metabolites actifs ont
souleve” des préoccupations pour le traitement des
personnes exposees au carfentanyl et pour la securite’ des
premiers intervenants. Les sujets exposes presentent les
caracteristiques d’un syndrome toxique aux opioides et
repondent d leurs antagonistes, comme la naloxone, bien
que les doses empiriques necessaires soient inconnues et
qu’il faille possiblement administrer de tres fortes doses.
Les rares descriptions d’intoxications accidentelles
suspectees chez des premiers intervenants n’ont pas ete
confirmees par des analyses et il est peu probable qu’elles
representent de veritables empoisonnements. Des mesures
generales  d’hygiene professionnelles, incluant une
decontamination reguliere a l'eau et au savon, un
equipement de protection individuelle elementaire (gants
en nitrile, masque N95, et lunettes de protection), ainsi
qu'un acces rapide d la naloxone sont generalement
suffisants dans la majorite des cas.
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Epidemiology

Fentanyl and its many analogues, including carfentanil,
have become a major public health concern in recent years.
They are responsible for an ever-increasing number of
opioid-related overdoses and deaths in North America'*
and Europe. In 2016, fentanyl and its analogues contributed
to at least 1,516 deaths in Canada.’ Preliminary data from
2017 suggest these agents continue to play an increasing
role in opioid-related deaths.”

In the United States, carfentanil was first recognized as
an additive to other abused drugs in mid-2016.*° Similarly,
law enforcement reports of carfentanil poisoning and
seizures first appeared in Canada in 2016.°'° In 2016, 22
of 343 overdose deaths involving fentanyl in Alberta were
reported to have involved carfentanil.'' Nevertheless, the
true number of deaths due to carfentanil is probably higher
because of limitations in identifying non-fentanyl synthetic
opioids such as carfentanil.

Most fentanyl analogues, including carfentanil, are
thought to be imported into North America from abroad,
notably China, typically in powder form or in counterfeit
tablets resembling legitimate pharmaceutical products.
These analogues may also be used to adulterate illicit
opioids or other drugs.” In June 2016, the Royal Canadian
Mounted Police seized 1 kg of carfentanil shipped from
China to Vancouver disguised as printer ink cartridges.'> On
March 1, 2017, political pressure led China’s National
Narcotics Control Commission to add carfentanil, along with
several other fentanyl analogues, to its list of controlled
substances.'” Prior to this, these agents were not regulated.

Background

Carfentanil (International Union of Pure and Applied
Chemistry name: 4-[{1-oxopropyl}-phenyl- amino]-1-[2-
phenylethyl]-4-piperidinecarboxylic acid methyl ester) is
an analogue of the synthetic opioid fentanyl (Figure). It
was first synthesized by Janssen Pharmaceuticals (Beerse,
Belgium) in 1974 under the brand name Wildnil® and
approved in 1986 for veterinary use as an intramuscular
tranquilizer for large animals.'* To receive authorization
for its use in the United States, veterinarians must be on an
“Approved Carfentanil Users List” and have special Drug
Enforcement Agency (DEA) registration class approval.'’
Commercial production of Wildnil ceased in 2003, and
carfentanil is now only available in compounded 10 mL
vials of 3 mg-mL*I. In Canada, it is a Schedule I
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Figure Carfentanil belongs to the 4-anilidopiperidine class of
synthetic opioids along with fentanyl, remifentanil, sufentanil, and
alfentantil. Like remifentanil, it has a carboxymethyl group in the
fourth position of the piperidine ring

substance”™ under the Controlled Drugs and Substances
Act.'® Tt is not approved for human use except in the
research setting as radiolabelled [11C]-carfentanil, where it
is used to map mu-opioid receptors in humans by positron
emission tomography at doses lower than 7 pg."”

Carfentanil pharmacology
Physicochemical properties
As a free base, carfentanil exists as a white granular or

crystalline powder.'® As a citrate or oxalate salt, it is a
clear, odourless, highly water-soluble liquid."

A Under the Controlled Drugs and Substances Act of Canada, a
Schedule I substance is defined as a substance with no currently
accepted medical use and a high potential for abuse.
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Pharmacokinetics

Pharmacokinetic information is limited to animal and
in vitro studies as well as a few scattered case reports of
intentional or unintentional human exposures.

Approved routes of administration in animals include
intramuscular, intravenous, transmucosal, and oral.'* Most
human exposure to carfentanil occurs through intake of
adulterated heroin or fentanyl, therefore human routes of
carfentanil administration are similar to those of heroin or
fentanyl. These include oral ingestion via counterfeit
tablets (most common) as well as intravenous and nasal
insufflation routes.*

It is inferred that carfentanil is highly protein bound,
owing to its structural similarity to fentanyl and sufentanil,
which exhibit protein binding of 84.4% and 92.5%,
respectively.”’ In one study, low-dose radiolabelled [C-
11] carfentanil was administered intravenously to healthy
controls at an average dose of 1.34 pg (0.019 mg-kg™').*
The mean (standard deviation) elimination half-life was
41.8 (17.5) min. A recent case report of intentional
carfentanil ~ exposure = measured  carfentanil  and
norcarfentanil levels over 52 hr.>* The respective half-
lives were calculated as 5.7 hr and 11.8 hr using a one-
compartment open pharmacokinetic model.?* There was no
evidence of saturation pharmacokinetics. The former study
limited blood sampling to 90 min and may not have
accurately characterized the true elimination half-life,
whereas the latter is likely more representative of the
distributional half-life of carfentanil.*®

Carfentanil has a calculated logP value of 3.7, indicating
high lipophilicity.?* From this, and by analogy with other
structurally similar drugs, it can be inferred that carfentanil
distributes  preferentially = throughout extravascular
compartments, including the brain and adipose tissue.
The phenomena of “re-narcotization”—i.e., the recurrence
of opioid toxicity up to 72 hr after apparent recovery—has
been observed in large animals tranquilized with
carfentanil.”> Possible mechanisms for this include
release of agonist from body depots after its antagonist
has been eliminated, generation of active metabolite(s),
under-dosing of the mu-opioid receptor antagonist, and
preferentially rapid metabolism of the antagonist relative to
the agonist.'"® Lipophilicity and protein binding are
presumed to contribute to carfentanil’s large distribution
volume and re-entry of carfentanil from sequestered
compartments is highly plausible.”®*” A similar delayed
respiratory depression has also been observed in humans
after high-dose fentanyl anesthesia.”®

The hepatic cytochrome P450 enzyme system rapidly
metabolizes carfentanil.”' While the specific P450 isoforms
responsible are not known, CYP3A4 is the most likely
isoform based upon analogy of carfentanil with fentanyl.*’
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An in vitro study of human liver microsomes incubated
with carfentanil observed two predominant phase I
metabolism pathways: piperidine ring monohydroxylation
(Co4H30N,0,4) and N-dealkylation forming norcarfentanil
(C16H22N503). The metabolite formed from piperidine ring
monohydroxylation appears different to carfentanil.”' In
contrast, both carfentanil and remifentanil metabolism can
generate norcarfentanil; in humans, metabolism of
remifentanil to norcarfentanil is not considered a
significant metabolic  pathway.’® This observation
suggests that identification of the piperidine ring
monohydroxylation metabolite may identify carfentanil
exposures; nevertheless, it is unclear whether these results
can be generalized to in vivo human metabolism. The
major phase II metabolite is a glucuronide conjugate of
hydroxylated carfentanil.?’ A similar study, which
incubated human hepatocytes with carfentanil, revealed
that the clearance of carfentanil was slower and had a
longer half-life compared with human liver microsomes.*'
This was attributed to carfentanil’s lipophilicity and/or
extensive protein binding.”' Feasel ef al. postulated that if
carfentanil is highly lipophilic and can easily distribute into
cellular membranes with slow liberation, or both, then less
carfentanil would be available for hepatic metabolism and
extraction.”’ Clinically, these properties of carfentanil may
contribute to prolonged exposure and drug effect and may
explain re-narcotization in animals.

In animals, carfentanil is eliminated through bile and
urine.'* These elimination routes are likely the same in
humans.?'*' The properties that contribute to carfentanil’s
toxicity include its high mu-opioid receptor affinity,
lipophilicity, presumed large volume of distribution, and
possible active metabolites, specifically those that retain
their phenethyl structure.

Pharmacodynamics
Analgesic potency

Based on rat tail withdrawal studies, the relative analgesic
potency of carfentanil is approximately 10,000 times that
of morphine, 4,000 times that of heroin, and 20-30 times
that of fentanyl.>* Ligand receptor binding studies report
that the calculated equilibrium dissociation constant (K;) in
inhibitory studies for human opioid receptors are 0.024 nM
(u1), 3.3 nM (3), and 43 nM (k). In comparison, Ki values
for fentanyl were 1.9 nM (ul), 153 nM (3), and 197 nM
(1).*® This suggests that carfentanil has a higher affinity for
the aforementioned receptors relative to fentanyl.
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Therapeutic index

Calculated as the median lethal dose (LD50)/lowest
median effective dose (ED50), a high therapeutic index
generally implies a wide safety margin between the
effective dose and the lethal dose. The reported
therapeutic index of carfentanil is 10,600 compared with
fentanyl’s 300, using morphine as the reference at 70.%*
Nevertheless, this parameter is potentially misleading as it
suggests that carfentanil is safer than fentanyl, even though
the reported LD50 values in rats are similar (3.39 mg-kg ™"
for carfentanil and 3.05 mg-kg~' for fentanyl).'®>> The
discrepancy between analgesic potency and lethality may
be related to the fact that these values are derived from
animal studies, and may not be generalizable to other
species such as humans.

Exposure diagnosis

As with intoxication with any mu-opioid receptor agonist,
individuals with systemic carfentanil exposure show
features typical of an opioid toxidrome, including miosis,
respiratory depression, and altered mental status. Not all
features may be present if there are co-ingestions.
Untreated, anoxic brain injury can lead to death.
Although not yet reported with carfentanil, chest wall
rigidity seen with intravenous fentanyl use may also be a
significant and unreported factor contributing to rapid
mortality.”® Chest wall rigidity has also been reported
following high doses and rapid administration of other
lipophilic synthetic opioids, such as alfentanil, sufentanil,
and remifentanil.”’

The first confirmed human carfentanil exposure
involved a 42-yr-old veterinarian who accidently splashed
a dart containing carfentanil citrate 1.5 mg and xylazine 50
mg into his eyes and mouth while attempting to dislodge
the dart from a tree. Despite copious irrigation, he
developed drowsiness within two minutes and was
administered naltrexone 100 mg parenterally (supplied
with the carfentanil in the same package) in the pre-
hospital setting. He was discharged 24 hr later and
recovered completely.*®

Carfentanil was implicated as one of the immobilizing
agents used by the Russian Special Forces during the
October 2002 Nord-Ost terrorist attack in a Moscow
theatre. Fifteen minutes prior to Special Forces infiltration
of the theatre, an aerosol was introduced through the
ventilation system causing hundreds of people, including
hostages, to exhibit opioid toxicity. Due to the delay in
identifying the immobilizing agent and inadequate
healthcare resources available to manage the crisis, 127
of the 800 hostages died and more than 650 were

hospitalized. Although the Russian Health Minister
identified the aerosol as an unspecified fentanyl
derivative, liquid chromatography-tandem mass
spectrometry (LC/MS/MS) analysis of clothing extracts
from two survivors, and urine from a third survivor,
confirmed the presence of norcarfentanil (a metabolite of
both carfentanil and remifentanil) and urinary methyl-4-
((propionyl)phenylamino)piperidine-4-carboxylate (a N-
dealkylation product of carfentanil and remifentanil).*

Exposure detection

Many unintentional exposures to carfentanil through
adulterated heroin have been documented in North
America® and Europe.*” These reports are almost
certainly an underestimation of the true prevalence of
carfentanil exposure. Standard screening with gas
chromatography mass spectrophotometry (GC/MS) is
often unable to detect very small quantities of carfentanil
because of the instrument’s detection limits.>**! Given that
carfentanil is more potent than other opioids, the sensitivity
of instrumentation to detect minute quantities is critical. In
one series of synthetic opioid deaths, 134 carfentanil-
related deaths were detected using liquid chromatography
(LC)-ion trap MS, whereas GC/MS missed 100 of these
cases. The reported detection limits were ten-fold different
(0.1 ngmL™" and 1 ng-mL™', respectively).” Other
analytical methods have also been documented,I8
including high pressure LC-atmospheric  pressure
ionization tandem mass spectrometry (LC/MS/MS), with
even more sensitive limits of detection of 3 pg-mL ™' and
27 pg-mL ™" respectively.*?

Additional factors contributing to underestimation of
carfentanil exposure are the lack of widespread availability
of sufficiently sensitive instrumentation such as LC/MS/
MS to perform these targeted analyses and/or failure to
perform analyses when toxicologically significant levels of
other drugs are found.*' Even when instrumentation is
available, toxicology laboratories must obtain analytical
standards of parent compounds (and metabolites, if known)
to identify unknowns.** These are often not commercially
available because of their legal status, and bureaucratic
challenges with import requests or Health Canada approval
may cause additional delays.*?

Recreational use

Even more disturbing are the emerging reports of
deliberate recreational use of carfentanil. One case report
documented a 16-yr-old male who presented unconscious,
tachycardic, hypotensive, and hypoxic but with normal
pupils.*’ He also used atomoxetine (a norepinephrine
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reuptake inhibitor) approved for Asperger’s syndrome.
Using GC/MS and LC/MS/MS, he was found to have a
serum concentration of 0.6 ng-mL™' carfentanil and 0.2
ng-mL~" of norcarfentanil reportedly one hour after use by
an unknown route. The corresponding urine concentrations
were 1.3 ng-mL™" and 0.5 ng-mL ™" respectively. He was
treated with an unspecified amount of naloxone and
recovered.>' Another case used high pressure LC/MS/MS
to measure a threshold of wakefulness following
carfentanil exposure to be 0.52 ng-mL™"; the lowest limit
of carfentanil in the blood that could be detected by LC/
MS/MS was 0.2 ng-mL~".*

Management of carfentanil exposure

Management of synthetic opioid toxicity involves standard
resuscitative measures of oxygenation, ventilation, and
administration of an opioid antagonist as the main
priorities. Naloxone is the preferred competitive mu-
opioid receptor antagonist for reversing the effects of
carfentanil. It is readily available and can be given
intravenously, intranasally (IN), or intramuscularly to
reverse opioid-related respiratory depression.** The onset
of action depends on the route of administration but it is
often less than five minutes.** Carfentanil’s high binding
affinity and potential for re-narcotization may necessitate
repeat dosing of an opioid antagonist. Based on the
predicted potency of carfentanil, it has been suggested
that the initial naloxone dose administered should be
greater than the maximum empiric naloxone dose
recommended by the American Heart Association (0.4
mg iv/im or 2 mg IN).*> Nevertheless, this empiric dose is
predicted based on binding kinetics and has not been
studied, with the exception of a few anecdotal reports, and
is unknowable a priori in most individual cases given the
uncertainty regarding the dose of carfentanil received. The
effective dose of naloxone is empiric and should be dosed
to a clinical endpoint of restored ventilation, as was the
case in a report of carfentanil exposure of unknown dose.
Here, two 2 mg parenteral naloxone doses of unclear
timing were administered with no effect, and supportive
mechanical ventilation was subsequently provided for 31
hr with no residual sequelae.”

In an observational study of fentanyl reversal in the
Cook County Emergency Department, naloxone doses
sufficient to reverse respiratory depression ranged from
0.4-12 mg (average = 3.36 mg)."® Of the 15 patient
encounters, 15% reversed with a dose of 0.4 mg, and doses
> 6mg were required in six instances. This suggests that in
a majority of cases, excessive naloxone administration may
be unnecessary. This may also be true for carfentanil as
animal studies suggest that the relative lethality of
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carfentanil compared with fentanyl is equivalent.*’ In
fact, a recent position statement by the American College
of Medical Toxicology (ACMT) and American Academy
of Clinical Toxicology (AACT) suggests that doses of
naloxone beyond 10 mg are unlikely to be helpful.*’
Furthermore, 13 pg-kg™" of naloxone (equivalent to 1 mg
of naloxone administered to an 80 kg male) is sufficient to
occupy 50% of brain mu-opioid receptors and is often
enough to restore respiratory drive.*® If the probability of
carfentanil exposure is high, a reasonable starting dose is 2
mg iv.*® Naloxone may be repeated every three to five
minutes until respiratory depression reverses or level of
consciousness improves. A naloxone infusion may also be
required. After reversal requiring higher than 0.4 mg
naloxone, extended observation is recommended.*’

In circumstances where naloxone is not available,
naltrexone is an option.*® Naltrexone can be administered
orally, intramuscularly, or intravenously. It has a large
distribution volume and has a biphasic peak of effect at two
hours and two to three days. For animal reversal, the
recommended dosing ratio is 100 mg naltrexone for every
1 mg carfentanil. Re-narcotization after naltrexone
administration has been reported in animals given
naltrexone doses using this approach.’®*” Tt is unclear
whether this occurs in humans.

Other standard measures include supportive care
(airway protection and basic and advanced life support
with cardiopulmonary resuscitation if cardiac arrest
occurs),"!> transportation of patients to a hospital
setting, and ensuring pre-hospital and hospital opioid
antagonist resources are adequate.

Provider safety

The issue of first responder safety in the setting of potent
fentanyl analogues such as carfentanil is a concern to
many. This is largely based on accounts of law
enforcement officials experiencing non-specific symptoms
after casual or topical exposure to “white powder”
suspected of being a clandestinely produced opioid.”!
These reports are not consistent with opioid toxicity, and
the risk of clinically significant exposure from passive
contact with opioids is extremely low.*’ Realistically,
dermal exposure in the absence of moisture is unlikely to
cause an overdose. Contact with mucous membranes via
inhalation, eye exposure, or oral exposure has a higher risk;
nevertheless, the exposure would have to be prolonged and
the dose significant to cause an overdose."’

Basic level personal protective equipment (PPE) most
commonly consists of nitrile gloves, safety glasses, N95
mask, disposable paper suit or coveralls, and shoe covers.””
Depending on the potential degree of exposure, level A, B,
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or C PPE consisting of full chemical resistant suits and a
respirator or breathing apparatus can be worn. General
occupational hygiene measures are recommended,
including routine decontamination immediately after
exposure. Hands should be washed with soap and water
before and after duties. Hand sanitizer should be avoided as
the alcohol may promote transdermal absorption.”® Those
with suspected inhalational exposure should be moved to a
well-ventilated area and observed for symptoms of opioid
toxicity. If toxicity is suspected, empiric administration of
naloxone is reasonable and medical assessment can always
be considered. Eating, drinking, or smoking in the presence
of any suspected fentanyl or fentanyl analogues should be
avoided.’*

The ACMT and AACT state that nitrile gloves and an
NO5 respirator provide sufficient protection for potential
dermal and respiratory exposures.*” Further emphasis is
placed on training workers to recognize opioid intoxication
and a ready access to naloxone, including the ability to
administer it if there are clear objective signs of
hypoventilation or a depressed level of consciousness.
These are consistent with DEA’? and National Institute for
Occupational Safety and Health™ recommendations for
first responders, which include maintenance of an
individual basic PPE kit that also includes a naloxone
injector(s). These safety measures should be in place prior
to taking any samples or disturbing any unknown powders.
Field testing should be done only with appropriate PPE,
which should be disposed of safely. The risk of unmasked
violent behavior or sympathetic hyperactivity in patients
with stimulant co-ingestions is also important to recognize.

Conclusion

Carfentanil is a highly potent mu-opioid receptor agonist,
but in animals its LD50 is not appreciably different from
that of fentanyl. The number of true carfentanil human
exposures is likely underestimated due to limitations in its
routine detection. Although human studies are lacking,
carfentanil’s chemical properties are similar to those of

other fentanyl analogues. Signs and symptoms
characteristic of opioid intoxication are expected
following systemic exposure. In addition to basic

supportive care and airway management, administration
of opioid antagonists, such as naloxone, is critical. Empiric
dosing is situation dependent; nevertheless, a starting dose
of 2 mg iv is reasonable with continued monitoring for the
need of repeat dosing or infusion. Incidental contact with
carfentanil is not expected to cause opioid toxicity.
Nevertheless, routine precautions, including appropriate
occupational hygiene, PPE (nitrile gloves, N95 mask, and
eye goggles) and ready access to naloxone, in conjunction

with standard supportive care, should be sufficient for the
majority of exposures.
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