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Abstract
The increasing use of opioids (e.g. fentanyl, carfentanil) for illicit drug manufacturing poses a potential life-threatening hazard to law enforcement (LE) and first responders (e.g. EMS, Fire and Rescue) who may unknowingly come into contact with these drugs during the course of their daily activities. The most serious adverse effect of opioid exposure is respiratory depression leading to slow, shallow breathing or complete cessation of voluntary breathing (respiratory arrest). Similarly, Operational K9s (OpK9s) of all disciplines i.e. detection (drug, explosive, accelerant), patrol, tracking, SAR, and others are at risk for accidental illicit opioid exposure. 
Introduction
The terms opioid, opiate and narcotic are often used interchangeably, despite having different meanings. This article uses the term opioid to encompass all natural opiates (morphine and codeine), semi-synthetic (hydromorphone, oxymorphone, heroin, etc.) and synthetic (e.g. fentanyl, fentanyl analogues, and the U-series opioids) opioids. 

In people and animals, opioids are legitimately prescribed for acute and chronic pain management and perioperative anesthesia. Carfentanil, one of the most potent commercially available synthetic opioids, is legally prescribed for sedating large zoo animals (e.g. elephants). The illicit use of opioids is for their psychoactive effects causing intense euphoria and relief of tension and anxiety. 

Although heroin is the prototypical manufactured illicit opioid, all types of opioids (natural, semi-synthetic, and synthetic) are being manufactured, sold and used. The clandestine manufacturing of fentanyl and fentanyl-related substances (e.g. carfentanil, 4-Fluorobutyrylfentanyl, furanylfentanyl, acrylfentanyl, and 3-methylfentanyl, etc.) has dramatically increased over the past few years. These compounds are used in place of or to adulterate (“cut”) other illicit substances (e.g. heroin, methamphetamines, cocaine, etc.) as well as to produce counterfeit prescription tablets of other semi-synthetic opioids (oxycodone, hydrocodone, and others). 
Opioid receptors and Comparative potency 

The psychoactive effects of opioids result from binding and activation of endogenous mu (μ) opioid receptors (MOP) located primarily throughout the brain. Opioids that primarily activate the MOP (morphine, fentanyl, carfentanil) are referred to as pure opioid agonists. Potency is the amount [concentration or dose (mg/kg, mcg/kg)] of drug required to produce an effect of given intensity. In comparison to the natural opiate morphine:

· Heroin is 2 to 4 times as potent as morphine. 

· Fentanyl is about 50 – 100 times more potent than morphine, and 30 – 50 times more potent than heroin. 

· Carfentanil is 10,000 times more potent than morphine, and about 100 times more potent than fentanyl. To date, no data is available evaluating pharmacokinetics or lethal dose of carfentanil in canines.

Important: The potency and clinical effects of illicitly manufactured opioids encountered in the field may vary greatly depending upon the purity and integrity of the manufactured opioid related substance.

Opioid Exposure Risk to Operational k9s 
Opioid toxicity may include dose-related respiratory, central nervous system, and cardiovascular depression. The greatest adverse risk is severe respiratory system depression leading to respiratory arrest, coma, and death. Available scientific evidence along with professional clinical experience support the fact that canines tend to have a higher tolerance (less susceptibility) for opioid-induced respiratory depression as compared to people. The dose of fentanyl required to sedate a dog is approximately 30 times higher than required in a human. It often warrants a very large dose (exposure) to a pure opioid to cause life-threatening clinical effects.
To date, there are a few anecdotal reports of OpK9s becoming clinically effected by a “suspect” opioid exposure; however, the actual illicit agent/compounds (if any) responsible have never been confirmed to be an opioid. A review of 652 canine single agent home exposures to fentanyl (transdermal patches and lozenges) reported to the ASPCA Animal Poison Control Center (APCC) during 2009-2013 revealed:

· Approximately 84% (548/652) displayed signs of exposure.
· Most common clinical signs included: lethargy/sedation (60%), hypersalivation (drooling) (37%), hypothermia (24%), ataxia (24%), and bradycardia (20%). 

The APCC reports an increase in heroin exposures in canines with four exposures reported in 2012 and twenty-two exposures reported in 2016 (personal communication with Dr. Tina Wismer, APCC, 13 August 2017). Reported clinical manifestations in canines exposed to heroin are similar to fentanyl. Considering many field exposures in OpK9s undoubtedly go unreported to the animal poison helplines, it remains uncertain the true prevalence of out-of-hospital illicit opioid exposures. 
Considering opioids are used to adulterate other non-opioid illicit agents (e.g. cocaine, methamphetamines, and others), the exposure to an illicit compound may include the potential exposure and clinical manifestations of an opioid as well as other drugs or toxic compounds involved. If the opioid is mixed with a methamphetamine, clinical signs may be atypical, and opposing that, of an opioid overdose including: fast heart rates (tachycardia); high blood pressure (hypertension); agitation/aggression; increased body temperature (hyperthermia); and convulsions.
Risk to personnel handling a potentially exposed and contaminated OpK9

A contaminated OpK9 poses a significant threat for cross-contamination and self-exposure to first responders. Personnel must take appropriate personal protective actions and don personal protective equipment (PPE) when handling an exposed OpK9. At minimum, individual PPE includes: nitrile gloves, N‐95 dust masks, eye protection, and long sleeves; paper coveralls and shoe covers are additional items to have on hand. For further information regarding human personal protection measures see “Recommended Internet Resources”.
Routes and Formulations of Exposure 
Possible routes of accidental exposure for OpK9s include inhalation (through the respiratory tract), transdermal (through the skin), oral (ingestion), and oral transmucosal (across the buccal membrane).  Inhalation or respiratory exposure is the most likely exposure route. Transdermal absorption is the second most likely route requiring direct skin contact of a large volume or concentrated amount of localized drug for a long duration of time. 
Illicit opioids are found as powders, liquids, nasal sprays, and pills; a dry powder is the most likely and probably most hazardous form a first responder and OpK9 may encounter in the field.  Synthetic opioid powders may be water or lipid soluble with a particulate size ranging from 0.2 to 2.0 mm. Powders are easily aerosolized when disturbed (e.g. “burping” sealed containers, deploying flash bangs) and, therefore, present a high inhalation risk. When an OpK9 is contaminated with an opioid powder, the powder residues are readily dispersed when the OpK9 “shakes” or when the powder residue is brushed off their hair coat.
Drugs may be found lying out in the open (on table or counter) or concealed in innocuous devices such as eye droppers and hair spray containers. Of importance, opioids are often mixed with other illicit drugs (cocaine, methamphetamine) and / or toxic compounds which may induce their own toxicosis. 

Factors affecting drug absorption and relative exposure risk (Table 1)
The specific drug involved (heroin vs. fentanyl vs. carfentanil), the drug formulation (e.g. powder, liquid, aerosol), the amount, concentration and route of drug exposure encountered determines the exposure risk. Bioavailability refers to the proportion (percentage) of unaltered drug that enters the bloodstream. Only direct administration into a vein (intravenous, IV) or bone marrow (intraosseous, IO) results in 100% bioavailability. When absorbed through any other route (i.e. transdermal, inhalation, oral, etc.) only a proportion of the drug makes it into the bloodstream. 
When inhaled, absorption across the nasal mucosa is rapid and, depending upon the drug formulation, results in high drug bioavailability. Although transdermal absorption of fentanyl and carfentanil is a potential risk, opioid powders tend not to present a significant exposure risk for OpK9s with intact, unbroken skin. Transdermal absorption requires direct skin contact of a large or highly concentrated and localized amount of drug for a long duration of time. Powders settle atop the OpK9’s hair coat and never actually reach the skin. Subsequently, the powder is either dispersed into the air when the OpK9 shakes or when the OpK9 brushes up against surrounding objects. Absorption of a powder through the paw pads is an unlikely route for significant exposure due to limited transdermal absorption and the proportionally small paw surface area.
Clinical signs of opioid Overdose in Operational K9s
Opioid exposure has a dose-dependent effect on clinical signs (e.g. greater amount of drug absorbed into circulation equates to greater manifestation of clinical effects). Canines tend to have a higher tolerance (less susceptible) for opioid-induced respiratory depression as compared to humans. Opioid-induced dysphoria (restlessness, howling, whining, panting, etc.) is a commonly reported side effect in canines, and may serve as the first clinical indication of exposure. Opioid overdose in canines is primarily manifested clinically by:

· Low heart rate (bradycardia) 
· Low blood pressure (hypotension)
· Pin-point pupils (miosis)
· Hypothermia
· Progressive respiratory depression (slow to absent breathing) and hypoventilation

· Altered mental status (continuum of mild sedation to comatose).
The role of naloxone in the treatment of opioid-toxicity
Naloxone is a pure opiate antagonist (reversal) agent. Immediate opioid reversal with naloxone is the treatment of choice for the clinically affected OpK9. It is important to note that opioid exposure alone does NOT always warrant naloxone administration. Overdose in K9s is often manifested by excessive sedation, bradycardia, and hypothermia; although these cases do not always require naloxone, it may prove more prudent to administer naloxone as soon as signs of toxicity appear. The two definitive clinical indications for naloxone in OpK9s are similar to those in people: 
· Altered mental status (markedly sedated to unresponsive)
· Very slow, absent, or gasping breathing (i.e. < 6 – 8 breathes per minute with shallow chest excursions). 
Best route for Naloxone administration to an OpK9
In canines, naloxone is currently approved for intravenous (IV), intraosseous (IO), intramuscular (IM), and subcutaneous (SC) administration. Naloxone is only minimally absorbed when given orally; therefore, per os (PO) remains an ineffective route of administration. Intravenous or IO provides the fastest onset of action (1 – 2 minutes) with the greatest bioavailability (100%); IM has an onset of action of approximately 5 - 10 minutes; SC is expected to have a longer onset of action as compared to IM. 
Intranasal (I.N.) naloxone is successfully used to reverse opioid overdoses in people with a very fast absorption rate. Since I.N. preparations eliminate the risk of contaminated needle stick and sharps hazard in people, many LEOs, OpK9 handlers and other first responders are now being equipped with I.N. naloxone products for treating people. Based on current available scientific and clinical evidence, availability amongst first responders, its non-invasive intervention, and user-friendly technique (e.g. doesn’t require any technical skill nor medical knowledge to administer), I.N. naloxone is considered an option for OpK9s. There are anecdotal stories of I.N. naloxone use by first responders successfully reversing suspected opioid exposures in canines. 
The pharmacokinetics of I.N. naloxone have only been evaluated in one small study involving healthy canines in which reported bioavailability of the nasal spray (8mg/100uL) was 87.88%.  The University of Pennsylvania Working Dog Center is currently engaged in a DHS funded study evaluating the pharmacokinetics/pharmacodynamics, safety, and clinical efficacy of 4 mg I.N. naloxone spray in canines. Naloxone undergoes extensive first-pass metabolism resulting in a reported oral bioavailability of ≤ 2%. Per rectum (PR) bioavailability in people is 15% whereas oral transmucosal (OTM) administration has shown to have a high bioavailability (≥70%) in people and rats; no data evaluating PR or OTM naloxone currently exists in canines. 

Available naloxone products on the market consist of injectable, intranasal and auto-injector products (See Table 2). Intranasal naloxone may be administered with either an injectable formulation of naloxone administered via nasal atomizer devicea (Teleflex, Morrisville, NC.) or via a commercialized naloxone nasal spray deviceb (Adapt Pharma, Inc. Radnor, PA.). 
Effective Naloxone dose for treating an affected OpK9
The following recommended naloxone dosing for OpK9s is based on current available data:  

· IV/IO/IM: 0.01 to 0.04 mg/kg (0.04 mg/kg = 1 mg per 25 kg).

· Intranasal (I.N.) 0.04 to 0.1 mg/kg. Start with at least 2.5 mg to 4 mg (depending on product used) per 25 kg OpK9 as initial dose.
· OTM (buccal pouch): Consider as a last resort if no other route is available (e.g. blocked nasal cavity, excess nasal discharge, etc.); Use I.N. dosing recommendations.
· Repeat as needed to effect. 
· Two or more doses are most likely required en route to the veterinary facility due to renarcotization When the OpK9 is exposed to a long-acting opioid or to a large amount of a short-acting opioid. naloxone’s duration of action is often shorter than that of the illicit opioid encountered. Renarcotization is common with carfentanil exposures and it is reported that human carfentanil exposures require 5 - 10x the naloxone dose that is typically used for a routine fentanyl / opioid OD. 
Risks of administering naloxone

Naloxone has a very wide margin of safety and is considered a relatively ‘safe’ intervention for treating an acute opioid toxicity. Early safety studies in canines have administered naloxone at significantly higher doses than those currently recommended with no reported adverse effects (Pace NL, et al. 1979); therefore, even when repeated as needed, the recommended doses are unlikely to result in any adverse effects. It currently is unknown what short or long-term effect, if any, I.N. naloxone has on canine olfaction.
Most often, the opioid encountered is mixed with other illicit drugs (cocaine, methamphetamines, etc.). It may be difficult for the handler or first responder to determine what drug(s) are causing the canine’s clinical signs. Naloxone does not reverse non-opioid drugs, but it also causes no adverse effects when administered with other non-opioid drug exposures. 
KEY POINT: Considering it’s wide margin of safety and relative lack of adverse effects in the face of other illicit drugs, when in doubt, administer naloxone.   
In Summary
Operational K9s of all discipline (detection, apprehension, SAR) remain at risk for illicit opioid exposure and subsequent toxicity. It is imperative that OpK9s handlers and first responders understand how to appropriately recognize and treat opioid toxicity in OpK9s. Naloxone is the treatment of choice in clinically affected OpK9s as it is in people. 

Special thanks and recognition is give to the contributions made by the collaborators of the Veterinary Committee on Trauma, Prehospital Subcommittee and K9 Tactical Emergency Casualty Care Working Group: Annie Malouin Wright, DVM, DACVECC; Cynthia M. Otto DVM, PhD, DACVECC, DACVSMR; Maureen McMichael DVM, DACVECC; Melissa Edwards DVM, DACVECC; Lisa Peters DVM, DACVECC; Susan Barnes DVM

Footnotes
a MAD Nasal™ Intranasal Mucosal Atomization Device. Teleflex. Morrisville, NC. (http://www.teleflex.com/usa/product-areas/anesthesia/atomization/mad-nasal-device/)

b Narcan®, Adapt Pharma, Inc. Radnor, PA. (https://www.narcan.com/) 
Recommended Internet Resources

1. U.S. Drug Enforcement Administration. “Fentanyl - A Briefing Guide for First Responders”. (https://www.dea.gov/druginfo/fentanyl.shtml).
2. The Interagency Board. “Recommendations on Selection and Use of Personal Protective Equipment and Decontamination Products for First Responders against Exposure Hazards to Synthetic Opioids, Including Fentanyl and Fentanyl Analogues”. (https://www.interagencyboard.org/).
3. U.S. Department of Health and Human Services Centers for Disease Control and Prevention (CDC)’s National Institute for Occupational Safety and Health (NIOSH). “Preventing Occupational Exposure to Emergency Responders”. (https://www.cdc.gov/niosh/topics/fentanyl/risk.html).

4. Prescribe to Prevent: Naloxone-product-chart – http://prescribetoprevent.org/wp2015/wp-content/uploads/Naloxone-product-chart.16_01_21.pdf.
5. Veterinary CPR RECOVER guidelines: http://www.acvecc-recover.org/.
6. ASPCA Animal Poison Control Center: https://www.aspca.org/pet-care/animal-poison-control. 
7. Pet Poison Helpline: http://www.petpoisonhelpline.com/. 
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	Table 1: PK/PD considerations related to Opioid Exposures in OpK9s

	Route
	General PK/PD Data
	Considerations for OpK9

	Injection (intravenous,  Intraosseous, intramuscular)
	· Results in greatest exposure risk 

· IV/IO results in 100% bioavailability
	· Clinically, fentanyl is routinely administered intravenously to canines for analgesia. 

· A single dosage of up to 10 mcg/kg (0.25 mg or 250 mcg for a 25 Kg OpK9) is commonly administered IV without causing clinically significant respiratory depression.

· Not considered a common route of opioid exposure for OpK9s in the field.

	Oral / Ingestion
	· Most opioids have a very low oral bioavailability due to a process called first pass metabolism. 

· Fentanyl’s reported oral bioavailability is ~25-30% 
	· Ingestion of a small amount of opioid tends to present a very low exposure risk for OpK9s. 

· Ex: When an OpK9 ingests fentanyl powder only approximately 25 – 30% of the amount ingested actually makes it into the bloodstream

	Intranasal (I.N.)
	· In people, I.N. fentanyl has a reported bioavailability as high as 90%, with a short onset of action (approximately 7 min) and a duration of action of approximately 1 hour. 

· The greatest I.N. absorption and bioavailability occurs when drugs are in solution or formulated as a gel, and when it is dispersed into the nasal cavity as a fine particulate spray (e.g. mist or aerosol) using an atomizer device. 

· Squirting a liquid solution into the nose via a syringe or inhaling a powder (e.g. snorting) results in less available drug for intranasal absorption: 

· Most of the liquid preparations run-off out the nose or down the throat. 

· The drug is dispersed over a smaller nasal mucosal surface area.
	· Pharmacokinetic studies evaluating intranasal fentanyl (or any opioid) in canines are currently lacking.

	Oral Transmucosal (OTM):
	· Deposition of a drug into the space between the inside of the cheek and teeth and gums (buccal pouch) where it diffuses across the mouth’s mucous membranes into the bloodstream.

· Opioids that have a very poor to low oral bioavailability when ingested, may have greater OTM absorption and bioavailability. 

· OTM drug absorption is, in part, dependent on:

· Drug pH (acid-base balance), 

· Drug formulation (tablet vs. solution)

· Dwell / contact time that the drug resides within the buccal pouch (e.g. longer contact time allows greater amount absorbed).
	· The pH of canine saliva is highly variable resulting in highly variable OTM absorption of fentanyl.

· In canines, fentanyl solutions with a higher pH (more basic) allowed for greater OTM absorption.

	Transdermal
	· Absorption of substances through the skin is influenced by several factors to include: 

· Drug-related properties (e.g. concentration, molecular weight, size, and solubility); 

· Duration of contact with the skin;

· Physical condition of the skin (intact, porous, abraded, etc.). 

· Optimal transdermal absorption occurs from exposures to drugs formulated into solutions (liquids) or gels and with drugs that have been compounded with an “enhancing” agent that specifically facilitate the drug permeation of the skin layers. 
	· Canines do not have the same functional eccrine sweat glands located throughout their body like people do; eccrine glands are primarily localized to the canines paw pads. 

· Safety studies have shown that transdermal fentanyl solutions exhibit a sufficient margin of safety when administered as a single dose in canines. A three to five-fold overdose:

· Did not result in fatality

· Caused minimal changes in respiratory rates, oxygen consumption and blood gas analysis

· All dogs fully recovered from the transient narcotizing effects with only minimal supportive care and without naloxone reversal.

· In whole, the data collected from these studies, as well as clinical experience, indicate that respiratory depression (hypoventilation) is a safety aspect of limited concern following transdermal fentanyl administration to dogs. (Freise, K. J. et al., 2012).

Paw Pads:

· Eccrine sweat glands are present in canine paw pads; however, this represents a minutely small proportion of the canines total body surface. 

· As such, absorption of a dry powder through the paw pads is considered an unlikely route of significant exposure for an OpK9.


	Table 2: Naloxone Product Comparison Chart

	Product
	Injectable
	Injectable Carpuject or

Intranasal (w/ M.A.D)
	Commercial

Intranasal
	EVZIO

Auto-injector
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	Requires technical experience
	Yes
	Yes
	No
	No

	Assembly required
	Yes
	Yes
	No
	No

	Titrate  Dose
	Yes
	Yes
	No
	No

	Concentration
	0.4 mg / mL 
	1 mg / mL
	4 mg / 0.1 mL
	0.4 mg / 0.4 mL

	Total volume per kit / package
	0.8 mg / 2 mL or 

4 mg  / 10 mL
	4 mg / mL
	8 mg / 0.2 mL
	0.8 mg / 0.8 ml

	Cost per kit
	Cost variance per kit varies significantly between available products. Visit manufacturer websites for more information.

	Manufacturer Website
	Hospira.com

Mylan.com 
	Amphastar.com

Teleflex.com (I.N. adapter)
	www.narcan.com/
	evzio.com

	Technique for suspected opioid OD (Initial Dose)
	Inject 0.04 mg/kg (1 mg per 25 kg) IV/IO or IM (epaxial or quadriceps m.)
	Spray 1 mL (1/2 of syringe) into each nostril. 
	Spray 4 mg (0.1 mL) into one nostril. 
	Follow voice prompts; however, voice prompts direct injecting into outer thighs for humans. Recommend for K9s to inject into epaxial muscles or quadriceps. Place back side firmly into desired muscle, depress and hold firmly for 5 seconds

	2nd dose
	Repeat every 2-3 minutes until desired response.
	Repeat after 2-3 minutes until desired response.
	Repeat with 2nd device into other nostril after 2 – 3 minutes if no response.
	Repeat with 2nd device after 2-3 minutes if no response.


	Table 3: Key actions for first providers treating an exposed OpK9

	· Activate EMS response system, perform a scene survey and ensure scene safety:

· Avoid self-exposure to opioids and cross-contamination while handling the OpK9. 

· Take appropriate Personal Protection Actions and don PPE (nitrile gloves, N‐95, dust mask, eye protection, paper coveralls, and shoe covers).

· Support ABC’s (establish patent airway, support ventilation, provide oxygen supplementation as needed, initiate CPR if in cardiac arrest):

· If rescue breathing is warranted, AVOID ‘mouth-to-snout’. Instead, use a BVM with a canine specific face mask.

· OpK9s with no pulse may be in cardiac arrest or may have an undetected weak or slow pulse. Manage as cardiac arrest patients. See Recommended Internet Resources for veterinary CPR guidelines. 

· When feasible, thoroughly wash powder or agent of OpK9s hair coat and skin.

· Avoid interventions that may enhance transdermal absorption (e.g. alcohol-based hand sanitizers, alcohol, warm to hot water). 

· After washing drug/agent off OpK9, take actions to dry and keep the OpK9 warm (e.g. cover with blanket, sheet, etc.).

· If washing the K9 is not feasible, consider wrapping the OpK9 in a sheet, blanket or other similar material to mitigate dispersion of powder off the OpK9’s hair coat.

· Administer naloxone (see dose recommendations listed above) when exposure is known or highly suspect, and the OpK9 is displaying clinical signs such as:

· Unresponsive  or altered mental status

· Slow or absent breathing or gasping breaths  

· Slow (< 50 bpm) heart/pulse rate and weak femoral pulse quality

· Weakness or staggering

· Pinpoint pupils 

· Dysphoria (vocalizing, agitation, appearing frantic) may be an early indicator of exposure

NOTE: When in doubt, administer naloxone.

· Repeat naloxone as needed. Perform serial reassessments.
· Seek immediate veterinary medical attention even if OpK9 positively responds to naloxone administration.

	WARNING: After administering naloxone, expect the OpK9 to rapidly "awake" from their state of drug-induced stupor in which they may still be disoriented and be in a 'protective/defensive' mode.

· OpK9s may want to bite/attack anything in their immediate vicinity, to include the handler.
· OpK9s should be properly restrained +/- have an open basket muzzle secured in place prior to or immediately after administering naloxone.


	Table 4: Preparation and Preventative Measures for OpK9 Handlers 

	1. Have appropriate PPE on hand at all times (See “Recommended Internet Resources”).

2. Perform an OpK9 Medical Threat Assessment before training events and real-world missions:

a. Identify local veterinary resources available in the area of operations.

i. Hours of operations

ii. Staffing, medical and equipment resources

iii. Establish line of communications and rapport

b. Identify evacuation and transport routes.

c. Identify logistical evacuation assets (vehicle, air ambulance, other).

3. Receive training in the following:

a. Identifying opioid toxicity in canines. 

b. Proper use and administration of naloxone.

c. Basic K9 life support measures (e.g. rescue breathing with BVM, chest compressions).

4. Keep important veterinary contact information on hand:

· Primary veterinarian’s or local 24/7 emergency veterinary hospital phone number. 

· ASPCA Animal Poison Control Center (APCC): 1 - 888 426-4435.
· Pet Poison Hotline (PPH): 1-855-764-7661.
NOTE: A nominal one-time fee may be charged when calling the above APCC and PPH helplines.


