TRAINING PROCEDURE FOR INTRANASAL NALOXONE:

Materials required:

1. Reading material (this protocol) and test

2. Pencil or pen to take test

3. Drug delivery devices – 1 per student

4. Salt water: 1 cup warm water, 1/4-1/2 tsp salt, 1/8 tsp baking soda (can also use saline from a sterile bottle)

5. Paper towels, tissue or cloth towels

6. Student human subjects (may use manikin instead)

DEFINITIONS OF TERMS:

Bioavailability:  What percentage of a medication that is administered actually ends up in the blood stream at the source tissue to exert a clinical effect when compared to an IV dose (IV dose is defined as 100% bioavailable).  Medication given intravenously is 100% “bioavailable” since it goes straight into the blood stream.  On the other hand, if the medication is given by mouth, most will not be bioavailable in the blood due to destruction by acid in the stomach, failure to absorb through the gut and finally through destruction by the liver in a process called hepatic “first-pass metabolism.”  This is why the dose of a medication given intravenously is almost always far less than that given by mouth.

First-pass metabolism:  Almost all molecules absorbed through the gut enter the blood through the “portal” circulation and are transported to the liver on their way into the main circulation of the body. The liver is full of enzymes that break down these molecules (metabolize) and plays an important role in removing toxins from the body.  In the case of medications that are taken by mouth, it is common for most of the medication to be destroyed by the liver and never make it into the main circulation of the body.  This destruction by the liver is called “hepatic first pass metabolism”. Drugs that are delivered by other routes (IV, IM, SQ, nasal) do not enter the portal circulation and are not subjected to first pass metabolism.

Nose-brain pathway:  Since the olfactory mucosa (area that allows smelling to occur) is in direct contact with the brain, medication can absorb directly from the olfactory mucosa into the brain CSF and skip the blood stream/blood brain barrier.  This is called the nose-brain pathway.

Lipophilicity: “Lipid loving” - Implies that the molecule will easily absorb and cross a lipid membrane.  Cell membranes are made of lipids.  A molecule with high lipophilicity will easily cross cell membranes (mucous membranes) and enter the blood stream.

GENERAL PRINCIPLES OF INTRANASAL DRUG DELIVERY:

The nasal route is an attractive method of drug delivery due to the rich vascular plexus that is present within the nasal cavity and the easy accessibility of this vascular bed. Because of this easily accessed vascular bed, nasal administration of medications is a useful method for delivering medications directly to the blood stream.  This method of delivery can eliminate the need for intravenous catheters while still achieving rapid, effective blood levels of the medication administered. 

The nasal administration of medications offers several advantages[1]:

1.      The rich vascular plexus of the nasal cavity provides a direct route into the blood stream for medications that easily cross mucous membranes.

2.      Due to direct absorption into the blood stream, gastrointestinal destruction, excretion in the stool and hepatic first pass metabolism (destruction of drugs by the liver enzymes) are avoided, allowing more drug to be bioavailable than if it were administered orally.

3.      For many medications the rates of absorption and plasma concentrations are relatively comparable to that obtained by intravenous administration. 

4. 
Ease and convenience: This method of drug administration is essentially painless, does not require sterile technique, intravenous catheters or other invasive devices and it is immediately and readily available in all patients.

5. 
Due to the close proximity of the olfactory nasal mucosa to the central nervous system, CSF drug concentrations may exceed plasma concentrations, making this an attractive method of rapidly achieving adequate CSF drug concentrations for centrally acting medications.
FACTORS THAT AFFECT DRUG BIOAVAILABILITY:
Characteristics of the drug:

· Molecular size, complexity and lipophilicity

· pH of solution and pKa of the drug

· Drug concentration/volume of solution

· Properties of the formulation vehicle (absorption enhancers)

In general, medications that consist of small, simple, lipophilic molecules will cross membranes most easily.  Having a pH near physiologic (7.4) helps as well.  Finally, if the drug concentration is such that it can be delivered in a reasonable volume to the nose so no runoff into the throat or out the nostril occurs, then more absorption and higher bioavailability is possible.

In some situations, the medication does not fulfill these features so pharmaceutical companies re-engineer the medication so it is solubilized in an enhancer that helps it cross the mucous membrane.  Once absorbed, the enhancer is released and the medication is present in its active form.

Mechanical factors:

· Site of drug deposition

· Method of administration and subsequent particle size and distribution

· Mechanical drug loss anteriorly and posteriorly

The larger the nasal mucosal surface area covered, the more medication that can be absorbed. Ideally, drug doses will be divided in half, and each nostril received half the dose, which doubles the absorptive surface area.  In addition, a significant difference in drug distribution is observed when various modes of medication administration are used: nose drops, plastic bottle nebulizer, atomization pump, pressurized aerosol.   Multiple studies show that the atomized pump is the best nasal delivery system because it gives a constant dose and a very good mucosal distribution.[2, 3] In addition, research has demonstrated that clearance of spray is much slower than clearance of drops[4] since much of the spray deposits on nonciliated areas, whereas nose drop solutions are primarily distributed on ciliated surfaces. Particle size also affects distribution. With nasal breathing, nearly all particles with a size of 10-20 µm are deposited on the nasal mucosa, those less than 2 µm pass through the nasal cavity and deposit in the lungs.[5, 6] If drugs are introduced as soluble particles they may readily pass into the nasal lining secretions and then be absorbed into the blood.

Anatomic features of the patient

· Blood flow to the nasal mucosa

· Rate of clearance (ciliary activity)

· Pathologic conditions affecting nasal function

If blood flow to the nasal mucosa is poor, absorption of drug will be poor. This can occur in situations where previous events have destroyed the nasal mucosa (trauma, surgery, cocaine induced destruction of the mucosa).  Topical vasoconstrictors such as recent “snorting” of cocaine will also dramatically reduce absorption.  Finally, if the patient has a bloody nose or large volumes of mucous production, the applied medication is either washed off, or has trouble gaining contact with the nasal mucosa and cannot be absorbed.

INTRANASAL (IN) NALOXONE IN EMS:

Naloxone is a small, lipophilic molecule with very high plasma bioavailability when atomized onto the nasal mucosa. Nasal naloxone allows effective plasma and CSF concentrations to be rapidly achieved and offers the added benefit of reducing needle stick risk to the EMS provider.  The following discussion reviews these issues in greater detail:

NASAL NALOXONE FOR OPIATE OVERDOSE: WHY?

Needle sticks are an occupational hazard that healthcare providers face daily.  With the advent of blood born pathogens such as HIV, accidental needle sticks now pose a life-changing and possibly life-ending event. Intravenous drug abusers requiring IV naloxone therapy are an especially high risk patient population due to their increased probability of carrying the HIV and/or hepatitis B and C viruses. Since these patients rarely need an IV for any reason beyond the administration of naloxone, a method of administering naloxone without a needle would greatly reduce the risk of a needle stick.[7-9] Interestingly, such a delivery method exists. Like nitroglycerine, which is rapidly absorbed across mucosal membranes, naloxone also easily crosses the mucosal membranes. After intranasal (IN) mucosal administration, naloxone exhibits opiate antagonist effects almost as rapidly as the IV route with bioavailability approaching 100%.[10-12]
In a recent publication, Dr. Erik Barton described the experience of Denver Health paramedics with IN naloxone in humans with suspected accidental opioid overdose.[13, 14] Study patients were given 2 mg of IN naloxone (1mg/ml up each nostril) upon initial contact. An atomization device was used to deliver the naloxone because fine particle atomization results in enhanced nasal medication bioavailability compared to spray or drops.[2, 14] After IN naloxone, standard protocols were followed including airway management, IV placement, and administration of IV naloxone if needed.  Ninety-five patients were enrolled. Fifty-two patients responded to naloxone: 43 (83%) to IN naloxone alone, 9 (17%) to IV following IN naloxone.  Four of the nine who awoke after IV but not after IN naloxone had anatomic abnormalities that may have prevented intranasal medication absorption (epistaxis, nasal trauma, nasal septal abnormalities). The median times from arrival at patient side to awakening and from administration of the IN naloxone to patient awakening were 8.0 minutes and 3.0 minutes respectively.  These median times to awakening after arrival and naloxone administration are less than those reported by Wanger, et al for intravenous naloxone (9.3 minutes and 3.8 minutes) or subcutaneous naloxone (9.6 minutes and 5.5 minutes).[15]  
Dr. Barton concludes that IN naloxone can be effective in the field (83% initial response rate), acts rapidly and reduces the risk of paramedic needle sticks in this high-risk population.  Kelly et al conducted a larger study I Australia and found fairly similar results.[16] They also noted that the arousal of the patients was not as aggressive and acute as that seen following IV naloxone – perhaps due to the gradual absorption of the drug rather than high peaks seen with an IV bolus.

These results are important in terms of risk reduction to healthcare providers.  Accidental needle sticks resulting from a source patient who is an IV drug abuser are emotionally draining for the employee as well as his family.  Months of distress are spent worrying about the possibility of contracting HIV, hepatitis B or C and concerns regarding prevention of any possible transmission to the employee’s spouse.[17-20] In addition, the medications used for post-exposure prophylaxis for HIV are expensive and frequently result in major side effects.[21] For these reasons, the United States congress has passed federal laws requiring employers to address the risk of needle sticks by implementing technologies that can reduce this risk. By administering naloxone intranasally, needle stick risk is eliminated. This improves the safety of the work environment and eliminates the professional, personal and family turmoil that may occur should a provider incur a needle stick from an IV drug abuser.  

Intranasal (IN) Naloxone: Discussion

Consider the following points before actually using the devices:

Presentation of opiate overdose: 

· Progression of symptoms from altered mental status to pinpoint pupils to respiratory depression followed by respiratory arrest and possible cardiac arrest.  

· Usually have “track marks” on arms from IV drug abuse, but may have snorted, smoked or swallowed the opiate so may not have “track marks”.  

· Always follow your altered mental status protocol by supporting ventilation, applying oxygen, and treating for presumed opiate overdose and hypoglycemia (if blood sugar is low).

Naloxone mechanism of action:

· Naloxone is an opiate antagonist that binds the same brain receptors as opiates.  It has a higher affinity for those receptors so it displaces the opiate off the receptor and eliminates the opiate induced respiratory depression and somnolence.  

· Naloxone’s half-life can be shorter than that of the opiate, so as it breaks down the patient may become somnolent again.

Intravenous (IV) naloxone and the blood brain barrier:

· When naloxone is injected intravenously, we define it as being 100% bioavailable. No higher peak plasma levels are possible than following an IV bolus of the drug.  

· Naloxone, however, must pass out of the plasma and enter the cerebrospinal fluid (CSF) in order to exert its effect on the brain. To do this it must pass through a membrane called the blood brain barrier.  This absorption across the blood brain barrier takes a few minutes, so patients do not wake up instantly following IV naloxone.

Intranasal (IN) naloxone absorption and the nose-brain pathway:

· The nasal mucosal membrane is in close contact with the blood stream (via the nasal mucosal vasculature).  It is also directly in contact with the brain through the olfactory mucosal membrane nose-brain pathway (the area of smell at the top of the nasal cavity).

· Because the nasal mucosa offers a convenient entry point into both the blood stream and the CSF for certain molecules, many medications as well as drugs of abuse are administered through the nasal passage.

· Naloxone is a very small, lipophilic molecule that easily crosses membranous surfaces and will rapidly cross the nasal mucosal membranes both directly into the blood and into the CSF.  Animal studies measuring naloxone bioavailability have found it to approach 100% - essentially the same as IV naloxone.

· These factors allow naloxone to be delivered via the nasal route and awaken opiate overdose patients without the need to establish an IV.

Intranasal (IN) naloxone: Drug concentration and volume

· Particle size of delivered medication:  Large drops of medication tend to run down into the throat and are not available for nasal absorption.  Spray and atomized particles distribute more evenly over a larger surface area, making absorption more effective.

· Volume of delivery:  The nasal mucosa will become saturated if too large a volume of medication is applied to its surface, this results in runoff out the nose or into the back of the throat, reducing the amount of drug available for absorption

· Concentration of medication:  If the drug that is administered is too dilute, then sufficient quantities of drug will not be available for absorption. Concentrated solutions are more effective.

· IMPORTANT: It is preferable to use naloxone 1mg/1ml concentration for nasal drug delivery.  The less concentrated form requires higher volumes and may be less effective.

Problems with nasal drug delivery:

· Damage to the nasal mucosa: If the nasal mucosa is injured (by trauma) or destroyed (by chronic cocaine use) then reduced mucosal surface area exists, and it is unlikely that nasal drug delivery will be effective.

· URI, secretions: Patients with active URI that have large amounts of mucous secretion, as well as those who are suffering a bloody nose will not absorb the medications as well because the medication will have difficulty contacting the nasal mucosa.

· Perfusion: Severe hypotension, severe vasoconstriction, etc will reduce blood flow to the nasal mucosa and may prevent adequate absorption.

· IMPORTANT: If a patient fails to awaken following nasal naloxone, they may still respond to intravenous naloxone. Therefor, if you suspect an opiate overdose and the patient fails to awaken following an IN dose of naloxone, you should administer naloxone as a shot.

Procedure Practice:

All students should practice with an atomizer to understand how it generates an atomized mist.  The device operates via hydraulic forces, so adequate compression is required to create and atomized mist.  The harder you push the plunger on the syringe, the better misting effect you will achieve.

Using the device – general:

· Have students draw up 2 ml of salt water into a 3 ml luer lock syringe. 

· Expel all air from the syringe. 

· Connect the atomizer tip to the syringe.

· Briskly compress the syringe plunger to atomize the fluid.

· Vary the pressure applied to the syringe and note that slow compression fails to create an adequate atomized mist.

· Now practice atomizing a single ml of solution and stopping, then atomizing the remainder.

Practice procedure on students or on manikin:

· Students should pair up.

· One student should lie supine

· The second student should draw up 2 ml of salt water into a 3 ml luer lock syringe. This volume mimics 2 ml of naloxone (preferred concentration is 2ml of 1mg/ml naloxone). 

· Expel all air from the syringe. 

· Connect the atomizer tip to the syringe.

· Hold the student “patient” head with one hand

· Place atomizer 1.5 cm within one nostril with the other hand. 

· Briskly compress syringe to administer 1 ml of atomized spray. (This may irritate the nose slightly so have the towel handy to catch any secretions).

· Remove and repeat in other nostril, so all 2 ml of solution are administered.

· Switch places and let the second student perform the same procedure.
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