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Abstract: The adulteration of xylazine, a veterinary sedative and az-adrenergic agonist, with illicit fentanyl
has emerged as a profound public health problem in North America. This combination, dubbed ‘tranq dope’,
foments greater overdose risk while causing crippling complications such as skin ulcers and sedation that
defies naloxone reversal. This review has collated all available data on the fentanyl with xylazine overdose
epidemic, including its epidemiology, toxicology, clinical effects, and a review of harm reduction strategies in
the context of the United States and Canada. Data from the United States Drug Enforcement Administration,
The Centers for Disease Control and Prevention and Health Canada suggest a significant concentration in
Philadelphia, Maryland, Connecticut, Vermont, as well as in Canadian provinces Ontario (Toronto), British
Columbia, and Alberta. The combination of xylazine with fentanyl has been shown to cause more severe
respiratory depression, hypotension, and bradycardia than fentanyl used alone. Major gaps still persist in the
absence of reversal agents, unusual clinical symptoms, and infrequent detection in standard tests. Thus,
combating this urgent issue requires systems thinking integrating different but parallel disciplines including
advanced monitoring, novel clinical structuring for preemptive measures, and focused scientific medicine
analysis.

Introduction

In the U.S. and Canada, it is seen that every year over 100,000 deaths occur from what has become a largely
0.5x fueled by illicitly made fentanyl and its analogues, which is the primary driver of the North American
opioid crisis [1]. In this picture, it is also seen that since around 2019, the appearance of xylazine in the illegal
fentanyl supply has added a very serious and complex layer to the issue [2, 3]. Xylazine is a veterinary
tranquilizer which we do not approve for human use and which, when put into the illegal fentanyl supply,
augments the depressant actions of fentanyl. Also, it brings forward very different and severe clinical issues
that do not respond to our standard treatments for overdose [4, 5]. Also, it is seen that it first showed up in
Puerto Rico and then became a larger issue in the Northeastern U.S. and has very quickly spread throughout
the U.S. and into Canada, which in turn has made for a very difficult overdose response and treatment [6, 7].
This review analyses what is known regarding xylazine-adulterated fentanyl epidemiology, pharmacology,
clinical repercussions, and the sociopublic health approaches of detection and evolving harm reduction
responses. Understanding this syndemic is essential for developing tailored responses to mitigate its specific
harms.
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Pharmacology of xylazine and fentanyl: Fentanyl, a potent synthetic p-opioid receptor agonist, efficaciously
and rapidly crosses the blood-brain barrier, triggering profound analgesia, euphoria, respiratory depression,
miosis, and sedation. Its potency and availability (50-100 x morphine) and variable illicit formulations
increase the risk of overdosing dramatically, especially with its variable illicit formulations [8]. It is an o-
adrenergic receptor agonist chiefly employed in veterinary medicine for large animals. Its effects in humans
include CNS depression (sedation and analgesia), profound hypotension, bradycardia, hypothermia,
hyperglycemia, and miosis [9]. Effects result from the restraint of norepinephrine release in the central and
peripheral nervous systems. The interplay creates synergistic depressant effects. Respiratory drive is
suppressed independently and in combination, substantially increasing the risk of respiratory arrest far beyond
what is observed with only fentanyl [4, 10]. With prolonged sedation/unconsciousness, a deep sedation
remains unresponsive to naloxone, with xylazine prolonging the sedation [11]. Opioids exacerbate xylazine-
induced severe hypotension and bradycardia [12]. The toxicity of xylazine, fentanyl, and xylazine (XAF) is
marked by the triad of severe respiratory depression and prolonged CNS depression/sedation that is
unresponsive to naloxone, along with cardiovascular depression (hypotension, bradycardia) [13, 14]. It is
further compounded by the toxicity of xylazine, including hyperglycemia, and the formation of severe,
necrotic skin ulcers, sometimes remote from the injection sites [15].

Epidemiology: In the U.S., XAF which appeared later, is now spreading. Reports from the Drug Enforcement
Administration (DEA) note the presence in 48 states, that out of the 23.0% of fentanyl powder and 7.0% of
fentanyl pill seizures analysed in 2023, xylazine was reported [16]. Also of note is that in some studies over
90.0% of street opioid samples in Philadelphia tested positive for it [15], also Maryland, Connecticut, and
Vermont report very high rates of xylazine in association with overdose deaths [17]. Nationwide in 2022, XAF
was a factor in 11.0% of all U.S. overdose deaths, which is a sharp increase from past years [18]. In Canada,
also a rapid spread. The Canadian Community Epidemiology Network on Drug Use (CCENDU) and the
Canadian Drug Analysis Service (CDAS) report note its presence especially in Ontario (Toronto), British
Columbia (Vancouver), and Alberta (Calgary, Edmonton) [8, 19]. A Toronto study conducted in 2023 noted
the presence of xylazine in 25.0% of fentanyl samples that were expected to be found at the supervised
consumption site and tested [20]. Health Canada is reporting more and more instances of detections within
the drug seizures and toxicology reports across the country [21].

Clinical examination and adverse effects: Naloxone resistance: One of the key features of the XAF overdose
is enduring deeply heightened levels of sedation and difficulty breathing, that remain unchanged even with
adequate dosages of naloxone. This is xylazine's non-opioid mechanism of action at work [11]. It is possible
that multiple doses of naloxone will be needed to counter the fentanyl portion, but sedation will remain.
Prolonged sedation/coma, patients may remain in a state of unresponsiveness for several hours, during which
time they will need to be maintained with intensive and supportive care, and the airway and ventilation
assistance [22]. Necrotic Skin Ulcers: Severe life-threatening skin and soft tissue infections, which include
deep ulcers that expose muscle or bone, are reportedly on the rise in association with xylazine use which is
regardless of the method of administration (IV, subcutaneous, IM, or even IN) [15, 23]. The pathogenesis is
likely a complex mix of factors (vasoconstriction, direct tissue damage, and infection from prolonged
inactivity). Also, chronic xylazine use may cause a serious withdrawal syndrome upon discontinuation of the
drug, which is marked by symptoms such as agitation, anxiety, tachycardia, hypertension, possibly seizures;
it is different from what is seen with opiate withdrawal and does which in fact, complicate the course of
treatment [24].

Forensic and analytical detection: Testing challenges: Xylazine does not show up on routine hospital urine
toxicology screens (immunoassays), which are used for most drugs of abuse [25]. For its detection specific
analytical methods are required. Confirmation of results is usually done by liquid chromatography, which is
put together with tandem Mass Spectrometry (LC-MS/MS) or High-Resolution Mass Spectrometry (LC-
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HRMS) which is a feature in specialized forensic and reference labs [26]. Also, in the field of Drug Checking
Services which use methods like Fourier Transform Infrared Spectroscopy and fentanyl test strips which also
include xylazine strips, are very much a front-line tool in the identification of XAF in the unregulated drug
supply [27, 28], but access to these is still very limited.

Public health harm reduction response.: Overdose response adaptation: Training reports that in cases of post
naloxone sedation that persists, we should think of XAF. Also of great import is that continuous rescue
breathing is a must. At present, there is no specific reversal agent for xylazine, but reports of the use of o2-
antagonists like yohimbine or tolazoline which are only anecdotal, do not have supporting evidence for these
[29]. Wound care: Address our xylazine-related ulcers with specialized protocols: Aggressive debridement,
advanced dressings, antibiotics, and very long-term care. Wound care specialists in harm reduction programs,
which is important [23, 30]. Expanded drug checking: Scale up accessible drug checking services (mobile
units, fixed sites) that include xylazine into what we do, which is a key [27]. Surveillance improvement: public
health agencies are working to improve real time surveillance of the drug supply through toxicology testing
and drug seizure analysis to track XAF spread [17, 19]. Provider education: The education of emergency
department staff, first responders, addiction medicine providers, and primary care clinicians on XAF
recognition and management is a large priority [31, 32]. Policy gaps: There are important gaps in responses
to policies concerning them. Xylazine scheduling, such as the case of the U.S. in 2023, aims to control
diversion. However, it is likely to drive users towards less predictable and more hazardous supplies while not
addressing the core issues. The gap in approved medical interventions for xylazine withdrawal is, in fact, a
withdrawal barrier to care [33]. Provision of Opioid Agonist Therapy as a treatment for an evidence-based
opioid remains critical.

Research gaps and future directions: Enhanced surveillance: There is a need for more exact and timely XAF
data on its use, inter-substance use, and overlaps at the local level [16]. Point-of-care testing: There is a need
to develop and validate low-cost and easy-to-administer tests for xylazine detection in the clinical and
community levels [34]. Medical management: Rigorous research into the best practices of XAF overdose
(beyond supportive care), xylazine withdrawal syndrome, and chronic ulcer treatment [24, 31]. Pathogenesis
studies: Study of the exact processes which cause xylazine induced skin necrosis [15]. Harm reduction
efficacy: Look at what very targeted harm reduction interventions for XAF users do (e.g., specialized wound
care kits, targeted education) [35]. Provider training: A developed and assessed standard educational material
for health care providers on XAF [32].

Conclusion: The adulteration of the illicit fentanyl supply with xylazine is a large and recent public health
issue in the U.S. and Canada. XAF greatly increases the risk of death from overdose through the action of
powerful respiratory depression, which in turn complicates the response to an overdose situation with a
sedation that is not ameliorated by naloxone. Improvement in surveillance, it still does not have the detail
required for the best public health responses. Issues with the detection of XAF in field settings which mainly
is a problem for non specialized labs. Harm reduction strategies which include better training for emergency
response which will include continuous resuscitation, also growth in drug checking services that are able to
identify XAF and are to see that specialized wound care will be included in the services for people who use
drugs. But also, large gaps which include the lack of a specific reversal agent or treatment for xylazine
dependence and withdrawal, issues with access to very advanced drug checking, and not enough education of
health care providers. A coordinated multi-faceted approach pulling together robust national and local
surveillance systems, accelerated point of care testing, focused research into medical management protocols,
expanded accessible harm reduction services, and educating healthcare providers and the public is needed to
respond to the XAF crisis. Xylazine is an essential part of the problem and needs to be fixed to be able to
make progress on the North American opioid overdose crisis.
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