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Lesson Plan: Acid Base Balance and ABG Interpretation

West Michigan Regional Medical Consortium

Acid Base Balance and ABG Interpretation
Nicholas McManus, DO FAAEM

https://wmrmcc.thinkific.com/courses/acid-base

Preparatory

Paramedic

1 hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive

1. Define acid-base balance and blood gas analysis.

NoukwnN

Outline for Presentation:

Identify treatments for abnormal values based on findings.
Discuss perfusion and how it is affected by acidosis or alkalosis.
Identify respiratory acidosis/alkalosis and causes.

Identify metabolic acidosis/alkalosis and causes.

Discuss blood gas physiology.

Discuss assessment of perfusion.

1. ACID-BASE BALANCE AND BLOOD GAS ANALYSIS
a. Definitions

The body pH is strictly regulated within a narrow range of 7.35 and 7.45
Acidosis (< 7.35) = accumulation of acids = decrease in blood pH
Alkalosis (> 7.45) = accumulation of a base = increase in blood pH

iv. Acidemia =term used when describing a blood pH < 7.35
v. Alkalemia = term used when describing a blood pH > 7.45
vi. Itis possible to have a mixed process resulting in both an acidosis and an alkalosis

b. Physiology

Even minor changes in pH can have devastating effects on protein stability and
many biochemical processes.
Normal cellular metabolism constantly produces and excretes CO; into the blood.
Buffer System
1. CO,+H20 €~ H,CO; € HCO;3 +H*
2. This process is in an equilibrium, meaning all components of the left and
right sides co-exist at all times and the concentration of any component
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is determined by the concentration of the components on the other side

of the equation.

3. So, if there is an increase in the concentration of any component on one
side, will shift the equation to the other side, leading to an increase in the
concentration of all components on that side.

4. This equation is paramount in your understanding of acid base regulation
in the body.

5. Continuous Carbon dioxide production by cells within the body drives the
equilibrium to the right, resulting in the production of more hydrogen
ions.

6. pHis a function of hydrogen ion concentration.

7. More hydrogen = higher acidity and lower pH.

8. Under normal ongoing metabolism, the blood is constantly being made
more acidic.

9. The body compensates to keep blood pH at a steady state.

10. There are 2 mechanisms by which this is achieved:

a. Lungs

i. A decrease in central and arterial chemoreceptors leads
to deeper and faster respirations and CO; is eliminated
through expired air = less hydrogen is made = blood pH
returns to normal.

ii. This mechanism is fast, occurring in minutes to hours.

b. Kidney

i. Bicarbonate is reabsorbed, and Hydrogen ions are
excreted in the urine.

ii. The kidney controls blood pH by regulating the amount
of hydrogen ion secretion and the amount of
bicarbonate reabsorption.

iii. This mechanism is slow, taking days to respond and
compensate for changes in pH

c. Respiratory Acidosis
i. Due to retention of CO2 secondary to hypoventilation.
ii. Causes

1. Primary lung disorders decreasing perfusion at the alveoli

2. Respiratory depression from medications, neuromuscular or
neurodegenerative diseases as well as with aggressive breath holding.

iii. Symptoms
1. Depressed mental status from CO; narcosis.
iv. Metabolic Compensation
1. Occurs at the kidney, which conserves more filtered bicarbonate
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2. By adding new bicarbonate into circulation and by excreting more
hydrogen ions.
3. Other smaller chemical buffer systems also assist taking up hydrogen
ions, to take it out of circulation.
v. Treatment
1. Treat the underlying cause
2. NIPPV to help drive off CO,
d. Respiratory Alkalosis
i. Due to aloss of CO; due to hyperventilation.

ii. Causes
1. Fever
2. Anxiety
3. Hyperventilation
4. High altitude with lower partial pressure of oxygen concentrations
5. As a respiratory compensation for a metabolic acidosis, such as aspirin
poisoning
iii. Symptoms

1. Tachypnea, dizziness, confusion and seizures - due to vasoconstriction
from raised pH.

v. Metabolic compensation includes a
1. Decrease in bicarbonate reabsorption
2. Less hydrogen wasting at the kidneys
3. Release of hydrogen ions from other smaller chemical buffer systems.
v. Treatment
1. Slow the ventilatory rate.
2. If the patient is hyperventilating, reassuring the patient and letting the
patient breath into a paper bag may help.
3. If the patient is on a ventilator, the breath rate can be turned down
resulting in less CO; loss at the lungs.
e. Metabolic Acidosis
i. Due to areduction in the plasma bicarbonate levels.
ii. Causes
1. Secondary to diarrhea
2. Due to consumption of other metabolic processes such as DKA with
ketoacid formation, lactic acidosis from seizure or exercise.
iii. Symptoms
1. Kussmaul’s respirations - deep, slow and irregular respirations
2. Tachypnea

v. Respiratory Compensation
1. Tachypnea — an attempt to increase the respiratory rate and blow off
more CO,

Office: 231-728-1967  Fax: 231-728-1644

Lesson Plan #0106





:@WMRMC West Michigan Regional Medical Consortium

1675 Leahy St Suite 308B Muskegon, M| 49442

v. Metabolic Compensation
1. Kidneys excrete more hydrogen ions and conserving more bicarbonate.
vi. Treatment
1. Treat the underlying cause
2. Sodium Bicarbonate may be given if the pH falls below 6.9
f. Metabolic Alkalosis
i. Caused by an increase in Plasma bicarbonate WITHOUT change in CO,
ii. Causes
1. Vomiting with loss of HCI
2. Diarrhea with loss of colonic secretions
3. Certain medications.
iii. Symptoms
1. Weakness
2. Neuralgias
3. Altered mental status
4. Seizures.
iv. Respiratory Compensation
1. Decrease in the respiratory rate to retain more CO;
v. Metabolic Compensation
1. Kidneys conserve more hydrogen ions and excrete more bicarbonate
vi. Treatment
1. Treat the underlying cause
2. Potassium is likely to be low in patients with vomiting and diarrhea and
should be replaced
3. Hydrochloric acid can potentially be given for severe alkalosis, and
possibly with dialysis where a low bicarbonate dialysate is used
g. Blood Gas Physiology
i. Alveoli
1. As air is inspired into the lung and down the trachea, bronchi and
bronchioles, it eventually ends up at the Alveoli where the gas exchange
occurs.
2. pAO;is about 100 mmHg
3. pACO; is about 40 mmHg
ii. Pulmonary Artery
1. The pulmonary arteries carry deoxygenated blood from the heart to the
pulmonary capillary beds where gas exchange occurs.
2. pAO,is about 40 mmHg
pACO; is about 46 mmHg
4. The higher partial pressure of carbon dioxide in the pulmonary artery in
comparison to the lower partial pressure of carbon dioxide in the
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alveolus, favors movement of CO, down its concentration gradient and

into the alveoli
5. Oxygen will also move from an area of higher concentration to an area of
lower concentration, and this favors the movement of oxygen from the
Alveolus and into the pulmonary capillaries.
iii. Pulmonary Vein
1. pAO;is about 100 mmHg
2. pACO;is about 40 mmHg
3. The pulmonary vein then pumps blood back to the heart, and it is then
subsequently pumped via systemic arteries to target tissue.
iv. Target Tissue
1. pAO;is <40 mmHg
2. pACO;is > 46 mmHg
3. Again, oxygen will move down its concentration gradient from an area of
higher concentration to an area of lower concentration, and oxygen will
move into the tissue
4. CO; will move down its concentration gradient from an area of higher
concentration in the tissue, to an area of lower concentration in the
capillary bed.
h. ABG Interpretation
i. ABG Components
pH - tells us if there is an acidotic or an alkalotic process going on.
pCO; - tells us if the issue is the fault of the respiratory system.
pO:- tells us if the patient has adequate oxygenation.
HCOs - tells us if there pH imbalance is a metabolic issue.

vk wNRE

SpO0: - another assessment of oxygenation, but much more prone to
erroneous readings.
6. Base Excess - another way of measuring the metabolic component as it
contributes to pH homeostasis.
a. Normal Range: +2to—-2
b. +2 means there is a lot of base present, favoring an alkalotic
process, or compensation in the direction of an alkalotic process.
c. — 2, means there is the lack of base within the blood that is
available to participate in the buffer system.
ii. Buffer System Review
1. CO,+H20 €~ H,CO; € HCO3 +H*
2. 2 mechanisms by which this is achieved:
a. Lungs
i. A decrease in central and arterial chemoreceptors leads
to deeper and faster respirations and CO; is eliminated
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through expired air = less hydrogen is made = blood pH
returns to normal.

ii. This mechanism is fast, occurring in minutes to hours.

b. Kidney

i. Bicarbonate is reabsorbed, and Hydrogen ions are
excreted in the urine.

ii. The kidney controls blood pH by regulating the amount
of hydrogen ion secretion and the amount of
bicarbonate reabsorption.

iii. This mechanism is slow, taking days to respond and
compensate for changes in pH

iii. ABG Interpretation Steps:
1. Step 1: Give it a last name
a. The pH will give you this
b. Is it acidosis or an alkalosis. Is the pH up or down.
2. Step 2: Give it a first name
a. Which part of the buffer system is broken and who can we blame
for the abnormal pH.
b. Important: Use the HCOs or CO; off of the Basic Metabolic Panel
(venous specimen) not the actual ABG for this part.

i. CO2 combines with water to give carbonic acid, which
quickly dehydrates to bicarbonate and hydrogen ions. So,
a measurement of bicarbonate is also a measurement of
total body CO2. Do not confuse this with the partial
pressure of dissolves Carbon dioxide gas that is measured
on the ABG. Don’t overthink this part. For now, just know
that the pCO2, or partial pressure of carbon dioxide
indicates respiratory involvement, and an elevation
favors acidic Hydrogen ion formation where the CO2 on
the venous drawn basic metabolic panel is the
bicarbonate = measurement, indicates = metabolic
involvement, and an elevation favors a basic
environment with more bicarbonate.

c. Always start by looking at the pCO2 FIRST.
i. Is the pCO2 abnormal, and does it fit with the pH?
1. If YES, the PRIMARY issue is the fault of the
respiratory system
a. Respiratory Acidosis = low pH and a high
pCO2
b. Respiratory Alkalosis = high pH is high
and the low pC0O2
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2. If NO, THE PRIMARY issue is the fault of the
metabolic system

a. Look at the bicarbonate
b. Metabolic alkalosis = high pH with a high

HCOs
c. Metabolic Acidosis = low pH and a low
HCOs
3. ROME: Respiratory Opposite and Metabolic

Equal
3. Step 3: determine if compensation is present.

a. Once you determine if the primary problem is respiratory or
metabolic, look at the other value (the pCO; or HCO3) that is not
part of the primary problem.

b. s it within normal limits, or is it abnormal?

If it is abnormal, does it move in the opposite direction that you
would expect for the pH?

d. If so, there is compensation by that system.

4. Step 4: ensure that the paO, and SpO; is adequate and not abnormal.
a. Deoxy-hemoglobin dissociation curve.
i. Shift to the left
1. You won’t see a drop in the pulse oximetry
reading until the oxygen concentration in the
blood is extremely low.
2. Causes: High pH, alkalosis, hypothermia
ji. Shift to the right
1. Higher concentration of O; in the blood at the
time the pulse Oximeter reading starts to fall.
2. Causes: low pH and hyperthermia.
b. RBC Physiology
i. Hemoglobin
1. 4 subunits (2 alpha and 2 beta)
2. Each subunit contains a Heme group
3. An oxygen or carbon dioxide molecule can bind
to each of these heme compounds
ii. Met-hemoglobin
1. Contains Fes* - cannot bind O,
2. Causes: nitrates found in foods, or medications
such as lidocaine, sulfonamides, dapsone,
benzocaine, pyridium and nitrates can cause a
higher concentration of methemoglobin.
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3. Causesachange inthe Hgb protein = causes the

normal heme groups to have a much higher
affinity for oxygen = cannot release bound O,

4. SpO, will tend to read in the mid 80’s as this is
measuring the amount of oxygen being
transported around in the blood.

5. Though, the patient can look profoundly
cyanotic. This is because the oxygen that is
present in the blood, is not able to be released
from the red blood cells at target tissues, so the
patient gets cyanotic despite a modest decrease
in Sp02.

6. Treatment:

a. Methylene blue
iii. Carbon Monoxide

1. CO molecules can also bind to the heme sites on
the hemoglobin protein.

2. This forms a much more stable complex with the
heme group than oxygen does

3. SpO, will still read normal as all heme sites still
occupied

4. Treatment:

a. High flow O; in hopes to outnumber the
CO molecules and regain their sites on
the RBCs
c. Assessment of perfusion
i. Hypoxemia:

1. determined by Pa0,

2. Low oxygen concentration measures in a blood
sample.

ii. Hypoxia
1. determined by SpO,
2. Low concentration of delivered oxygen to tissue.
jiii. We can use these two readings to determine if perfusion
is adequate.
iv. PaO2 =FiO, X 5.5

1. | typically just use 5, as it will get you close
enough and easier to calculate in my head.

2. FiO2 is the concentration of oxygen in the air we
breathe.
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3. Normal room air is made up of 21% oxygen. So if

we multiply 21 x 5, we get 105. So, a normal
Pa02 in someone breathing room air is about
105 mmHg.
4. Determining FiO,
a. Room air 21
b. Nasal Cannula

i 1L=24
jii. 2L=28
ji. 3L=32
iv. 4L=36
v. 5L=40
vii 6L=44
c. Face Mask
i. 6L=35
ii. 7L=41
jiii. 8L=47
iv. 9L=53
v. 10L=59

d. Non-Rebreather
i. Add 10% for every Liter of flow
e. Venti mask
i. FiO2 is dependent on the
adapter piece and the flow rate.

Outline for Presentation:
Introductions and Overview of Course
Definitions

Buffer System

Respiratory Acidosis/Alkalosis
Metabolic Acidosis/Alkalosis
Blood Gas Physiology

ABG Interpretation steps
Assessment of perfusion

. Summary

10. Quiz

PNV A WN R

Student Evaluation Method: Quiz to be completed at end of course with an 80% or better for course completion.

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Lesson Plan: General Pharmacology

West Michigan Regional Medical Consortium

Topic: General Pharmacology

Presenter: Nicholas McManus, DO FAAEM

Location: https://wmrmecc.thinkific.com/courses/general-pharmacology
Credit Category: Preparatory

License Level: PARAMEDIC

Credits: 1

Format: 1 hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive

1. Define pharmacology as it applies to prehospital settings.
Identify pharmacokinetics based on route of administration.
Discuss pharmacodynamics and drug receptor interactions.
Discuss the four drug interactions.
Understand basic drug mechanisms by class.
Understand bioavailability and absorption.

SN AN

Outline for Presentation:
A. Introduction
a. Pharmacology: The science of drugs as it deals with the interactions of exogenously
administered chemical molecule (drugs) with living system.
b. Father of Pharmacology: Oswald Schmiedeberg
c. Two main divisions
i. Pharmacokinetics: what the body does to the drug
ii. Pharmacodynamics: what the drug does to the body
B. Pharmacokinetics
a. The quantitative study of drug movement in, through and out of the body.
b. Process:
i. Transportation > Absorption > Distribution-Storage > Free drug > Metabolism >
Receptor Binding (Effect) > Excretion
c. Biological membrane photo*
d. Transportation
i. Passive diffusion
1. Requires no energy and no carrier
2. Rapid for lipophilic, nonionic and small molecules
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3. Slow for hydrophilic, ionic or large molecules
ii. Specialized transport (Aqueous channels)
1. No energy, No carrier
2. Small hydrophilic drugs (< 200 mw) diffuse along concentration gradient
by passing through aqueous channels (pores)
i. Facilitated diffusion
1. No energy but needs a carrier
2. Drugs bind to carrier by noncovalent mechanisms
3. Chemically similar drugs compete for carrier
iv. Active transport
1. Needs energy and a carrier
2. lIdentical to facilitated diffusion, except that ATP powers drug transport
against concentration gradient.

=:

i

e. Absorption
i. Movement of the drug from its site of administration into their circulation
ii. Factors that affect absorption
1. Drug-associated factors: ionization state, molecular weight, solubility,
formulation (solution vs tablet)

a. Small, nonionized, lipid-soluble drugs permeate plasma
membranes most readily
2. Patient-associated factors: depend on route of administration.
a. Presence of food in the Gl tract, stomach acidity and blood flow
to Gl tract influence absorption.
f. Bioavailability
i. The fraction of the drug that reaches to systemic circulation from a given dose
in an unchanged form
ii. Aterm typically used for medications given via oral route
iii. 1V route gives 100% bioavailability as it directly enters the circulation
iv. Bioequivalent:
1. Two formulation of the same drug having equal bioavailability
v. Bioinequivalent:
1. If formation differ in their bioavailability
g. Distribution
i. Once a drug has gained access to the bloodstream, it gets distributed to other

tissue that initially had no drug. Concentration gradient being in the direction of
plasma to tissue.

ii. Factors affecting drug distribution:
1. Membrane permeability
a. Ex. Benzodiazepines are very lipophilic, and readily cross the
gut, capillary wall and blood-brain barrier
b. Ex. Some antibiotics cannot cross the blood-brain barrier
c. Blood-brain barrier, Blood-testes barrier, Blood-placenta barrier
(prevents fetal exposure to some drugs).
2. Depot storage of lipophilic drugs
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a. Ex. sedative thiopental accumulates in fat, released slowly from
fat stores. So, an obese person may stay sedated for a longer
period of time than a skinny person

b. Ex. Tetracycline, an antibiotic, accumulates in bones and teeth.

Lipid solubility (various barriers)
lonization at physiologic pH
5. Extent of binding to plasma and tissue protein

a. Ex. Albumin — reduces the amount of "free" drug in the blood
6. Presence of tissue specific transporter
Difference in the regional blood flow

8. First pass metabolism
a. blood from Gl tract passes through the liver before entering any
other organs. A fraction of the drug (in some cases, nearly all)
can be metabolized to an inactive or less active derivative.
iii. Movement of the drug proceeds until an equilibrium is established between
unbound drug in plasma and tissue fluids.
h. Metabolism (Biotransformation)
i. It means chemical alteration of the drug in the body.

ii. Primary sites of drug metabolism is the liver

iii. Others are the kidney, intestine, lungs and plasma.
iv. Biotransformation of drug may lead to the following:

1. Inactivation

2. Active metabolite from an active drug

3. Activation of inactive drug (prodrug)

AW
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i. Excretion
i. The removal of the drug and its metabolite from the body
ii. Drugs and their metabolites are excreted in:

1. Urine

2. Feces

3. Exhaled air

4. Saliva and sweat
5. Milk

j.  Half-Life (t2)

i. The length of time required for a given blood level to decline by 50%
k. Influence of dosing regimen on plasma drug levels

i. Single Dose (See figure)

1. Plasma concentration of drug rises as the drug distributes to the
bloodstream, then falls as the drug is distributed to tissues, metabolized
and excreted

2. Distribution half-life (ti/.a): reflects the rapid decline in plasma drug
concentration as a dose of a drug is distributed throughout the body.

3. Drugs administered orally reach a peak plasma concentration at a later
time than drugs administered IV.

ii. Continuous Infusion (See figure)

1. Steady state (equilibrium) plasma drug concentration is reach after

continuous infusion for 4-5 half lives
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2. Increasing the rate of infusion will NOT decrease the time needed to
reach steady state.

3. Increasing the rate of infusion WILL, however, increase the plasma drug
concentration at steady state.

iii. Intermittent Dose (See figure)

1. A drug must be administered for 4-5 half-lives before steady state
(equilibrium) is reached.

2. Peaks: high points of fluctuation. Toxic effects are most likely to occur
here

3. Troughs: low points of fluctuation. Lack of drug effect most likely to
occur here.

C. Pharmacodynamics
a. The study of drug effects
b. It attempts to elucidate the complete action-effect sequence and dose-effect
relationship.
c. Principles of drug action:
i. Drugs do not impart new function to any system, organ or cell they only alter
the pace of ongoing activity.
ii. Types of drug action:
1. Stimulation
2. Depression
3. lrritation
4. Replacement
5. Cytotoxic action
d. Mechanism of drug action
i. Majority of the drugs produce their effect by interacting with a discrete target
biomolecule
ii. There are four major target of drug:
1. Enzymes
2. lon-channel
3. Transporters
4. Receptors
a. Generally, proteins or glycoproteins that are on the cell surface,
on an organelle within the cell or in the cytoplasm.

D. Drug
a. According to the WHO: Drug is any substance or product that is used or is intended to
be used to modify or explore physiological system or pathological states for the benefits
of the recipient.
E. Various physiochemical properties of drugs
a. Lipid and water solubility
Molecular size
Particle size
Degree of ionization
Physical forms
Chemical nature
Dosage form

@m0 o0 T
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h. Formulation
i. Concentration
j-  Shape
F. Drug receptor interaction
a. Receptors are specific protein and have specificity and selectivity
b. No drug is truly specific, but many have a relatively selective action on one type of
receptor
c. Drug + receptor --> Drug — receptor complex --> response
d. Definitions:
i. Affinity: The strength of binding between a drug and its receptor
ii. Intrinsic activity: The ability of the drug to produce a pharmacological action
after combining with the receptor.
iii. Agonist: A drug that is capable of producing pharmacological action after
binding to the receptor.
1. Strong Agonist: An agonist which causes maximal effects, even though
it may only occupy a small fraction of receptors on a cell.
2. Weak Agonist: An agonist which must be bound to many more
receptors than a strong agonist to produce the same effect.
3. Partial Agonist: A drug which fails to produce maximal effects, even
when all the receptors are occupied.
iv. Antagonist: Drugs that bind to receptor, but are not capable of producing
pharmacological action. These produce receptor blockade.
1. Competitive Antagonist: Compete with agonists for receptors.
a. Surmountable as large amounts of agonists can overcome this
2. Noncompetitive Antagonist: Bind to a site other than the agonist-
binding domain. Induces a conformational change in the receptor such
that the agonist no longer "recognizes" the agonist-binding domain.
a. Insurmountable in that larger amounts of agonists cannot
overcome this antagonism
3. Irreversible Antagonist: Compete with agonist for the agonist-binding
domain, but the binding is permanent. Cannot be "reclaimed" by an
agonist.
4. Physiological Antagonism: Two agonists, in unrelated reactions, cause
opposite effects and cancel each other out.
5. Antagonism by neutralization: Two drugs bind to one another, and
become inactive.
G. Drug Interactions
a. Addition
i. The response elicited by combined drugs is EQUAL TO the combined responses
of the individual drugs (Mathematical Model: 1+1=2)
b. Synergism
i. The response elicited by combined drugs is GREATER THAN the combined
responses of the individual drugs (Mathematical Model: 1+1=3)
c. Potentiation
i. A drug which has no effect enhances the effect of a second drug (Mathematical
Model: 0+1=2)
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d. Antagonism
i. Drug inhibits the effect of another drug. Usually, the antagonist has no inherent
activity (1+1=0)
H. Routes of drug administration
a. Parenteral = "around the Gl tract"
b. Intravenous
i. Rapid onset
ii. Insoluble drugs cannot be administered IV
C. Intramuscular
i. Rate of absorption depends on formulation
1. Oil based = absorb slowly
2. Aqueous preparations = absorb rapidly
d. Subcutaneous
i. Absorption can be controlled by drug formulation
e. Topical
i. local effect (good for meds that have systemic toxic effects)
f. Inhalation
i. rapid and targeted
g. PerOs (PO)
i. Most compatible with drugs that are self-administered
ii. Must be able to withstand the acidic environment for the stomach and must
permeate the gut lining before entering the blood-stream.
iii. Absorption affected by gastric emptying and intestinal motility
iv. portal circulation --> liver --> first pass metabolism
h. Rectal
i. 50% first pass
ii. Absorption is unreliable
iii. Useful for unconscious, vomiting or small children
i. Sublingual
i. Rapid absorption
ii. no first pass
j. Intrathecal
i. Intothe CSF
k. Transdermal
i. sustained effect
I. Tolerance, Dependence and Withdrawal
a. Tolerance:
i. Represents a decreased response to a drug.
ii. Clinically seen when the dose of a drug must be increased to achieve the same
effect.
iii. Metabolic — drug metabolized more rapidly after chronic use
iv. Cellular — Decreased in number of drug receptors (downregulation)
v. Behavioral —an alcoholic learns to hide the signs of drinking to avoid being
caught by his colleagues

b. Dependence
i. Occurs when a patient needs a drug to "function normally"

Office: 231-728-1967  Fax: 231-728-1644

Lesson Plan #0109





:@WMRMC West Michigan Regional Medical Consortium

1675 Leahy St Suite 308B Muskegon, M| 49442

ii. Clinically, it is detected when cessation of a drug produces withdrawal
symptoms.
c. Withdrawal
i. Occurs when a drug is no longer administered to a dependent patient.
ii. Symptoms are often opposite the effect achieved by the drug.
iii. Ex:severe hypertension in a patient after cessation of antihypertensive meds
d. Cross tolerance/Cross Dependence
i.  Occurs when tolerance or dependence develop to different drugs which are
chemically or mechanistically related.
ii. Ex: Methadone relieves the symptoms of heroin withdrawal because patients
develop cross dependence to these two drugs.

1. Part 2 - Medications Objectives
a. Understand basic drug mechanisms by class
b. Understand bioavailability, absorption
2. Critical Care Drugs
a. Cardiovascular Drugs
i. Anti-arrhythmics
1. Use: Treatment and cardioversion of Atrial Fibrillation or Atrial Flutter
Treatment and prophylaxis of refractory Ventricular Tachycardia
2. Adverse Effects: Hypotension, QT prolongation, Torsades, Ventricular
Tachycardia AV Block
3. Dosing:
a. Magnesium Sulfate
i. Bolus: 1-2 grams over 5 minutes Infusion: 6-12 grams
over 24 hours
4. Special Considerations:
a. Use infusion pump for drips.
b. May not be compatible with heparin, lidocaine, amiodarone or
bicarb
c. Frequent BP checks for hypotension
d. Increased risk for ventricular dysrhythmias if on certain
antihistamines or anti-nausea medications
ii. Beta Blocker
1. Uses: Slow ventricular response in SVT, Atrial Fibrillation and Atrial
Flutter Slow sinus node rate
2. Adverse Effects: Hypotension, bradycardia, Hypoglycemia (diabetics on
medications); usual signs and symptoms are masked, Bronchospasm,
Sinus node arrest
3. Dosing:
a. Atenolol (Tenormin)
i. Infuse: 5 mg over 5 minutes
May be repeated in 10 minutes
b. Esmolol (Brevibloc)
i. Bolus: 500 mecg/kg (0.5 mg/kg) over one minute
Infusion: 50 mcg/kg/minute for 4 minutes
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ii. If inadequate response, repeat bolus and increase drip
rate by
50 mecg/kg/minute up to 3 times (total dose of 2000 mcg
bolus and infusion @ 200 mcg/kg/minute)

iii. Drug comes in a 100 mg (10 mg/ml) vial or 2500 mg
ampule into 250 ml (10 mg/ml) or 500 ml (5 mg/ml) NS
or D5SW

c. Labetalol (Normodyne)
i. Infusion: 2 mg/minute (concentration 1mg/ml; 2ml/min)
duration from 25 minutes to 2.5 hours
d. Metoprolol (Lopressor)
i. Inject: 2.5 mg IV slow push over 2 minutes May repeat
dose up to 5 every 5 minutes for a total dose of 15 mg
e. Sotolol (Betapace)
i. Bolus: 1-1.5 mg/kg; followed by

ii. Infusion: 0.008 mg/kg/minute = 8 mcg/kg/min

4. Special Considerations:

a. Use infusion pump

b. Check BP frequently; monitor heart rate

c. Carefully monitor for hypotension, excessive bradycardia or new
AV blocks

d. Patient with DIABETES may have symptoms of hypoglycemia
masked; watch carefully for mental status changes

e. Contact MC if develop adverse reaction

iii. Anti-Hypertensives

1. Uses: Short term parenteral treatment when oral treatment is not feasible
Nitroprusside may be used in CHF to reduce both preload and afterload
(reduces work of the heart)

2. Adverse Effects: Hypotension, bradycardia, dysrhythmias, Palpitations,
flushing, angina, Headache, restlessness, drowsiness, confusion or
slurred speech

3. Dosing:

a. Hydralazine
i. Inject: 5- 40 mg IV push over 1-2 minutes
Usually given as repeat bolus doses every 20-30 min
ii. Rarely given as drip: 1-10 mg/hour
b. Nicardipene (Cardene)
i. Dilute to: 0.1 mg/ml
Infusion: Start @ 50 ml/hr (5 mg/hr)
ii. May increase rate by 2.5 mg/hr every 15 minutes until
desired BP is reached for a maximum dose of 15 mg/hr
c. Nitroprusside
i. Infusion: Continuous to maintain BP
ii. See dosage chart below; amount listed is in ml/hr
ii. ADD NITROPRUSSIDE DOSING CHART
d. Nesiritide (Natrecor)
i. Inject: 2 mcg/kg IV push over 60 seconds Infusion: 0.01
mcg/kg/min maintenance infusion
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4. Special Considerations:
a. Use infusion pump
b. Dedicated IV line-should not administer in same IV line as other
meds
5. Nicardipene:
a. If hypotensive (BP<60) or tachycardic (HR>140), discontinue
drip.
b. May resume when stable @ 3-5 mg/hr
c. Infusion site must be changed after 12 hours
d. Use with caution in patients with liver failure, since it is
metabolized in the liver.
e. May be contraindicated in severe Aortic Stenosis as may
decrease preload.
6. Nitroprusside:
a. Small boluses or slight increases in infusion rate may produce
profound hypotension
Solution must be wrapped in foil to protect it from light
Do not mix other medications in the same line
Check BP and heart rate every 5 minutes
e. Hypotension can be alleviated by decreasing the infusion rate
7. Nesiritide:
a. Caution in pregnant or lactating patients
b. Contact MC for worsening signs/symptoms, significant BP
change or if BP<90
iv. Calcium Channel Blockers
1. Uses: Ventricular Rate Control in A Fib, Atrial Flutter, MAT or SVT
2. Adverse Effects: May cause Atrial Flutter, AV Block, Bradycardia,
Chest Pain, CHF, Ventricular Arrhythmias, nausea/vomiting, dyspnea
or hypotension
3. Dosing:
a. Diltiazem (Cardizem)
i. Bolus: 0.25 mg/kg over 2 minutes (20 mg for average
patient) If needed may repeat bolus in 15 minutes @
0.35 mg/kg (25 mg in the average patient) over 2 — 5
minutes
ii. Infusion: Dilute 125 mg (25ml) in 100 ml NS/D5W
Drip @ 5 — 15 mg/hour titrated to heart rate

aoo

b. Nicardipene (Cardene)
i. Dilute to: 0.1 mg/ml
ii. Infusion: Start @ 50 ml/hr (5 mg/hr) May increase
rate by 2.5 mg/hr every 15 minutes until desired BP is
reached for a maximum dose of 15 mg/hr
4. Special Considerations:
a. Carefully monitor for hypotension/excessive bradycardia/ new
A/V block
b. PVC’s can occur with conversion to NSR
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c. Don’t use in the presence of a WIDE COMPLEX
TACHYCARDIA
v. Glycoprotein llb/llla Inhibitors
1. Use: Unstable Angina Non Q-wave MI Percutaneous Coronary
Intervention
2. Adverse Effects: Bleeding (usually at cath sites) possible allergic
reactions to ReoPro
3. Dosing:
a. Abciximab (ReoPro)
i. Loading bolus: 0.25 mg/kg over 10-60 minutes
ii. Maintenance infusion: 0.125 mcg/kg/min for 12
hours following PCl or 18-24 hours for unstable
angina
iii. Should be administered through a 0.2 or 0.22 micron
filter
iv. Drip rates will vary depending on concentration that
was mixed.
v. Verify drip rates/dosage calculations with the
transferring facility staff prior to transport.
b. Tirofiban (Aggrastat)
i. Loading infusion: 0.4 mcg/kg/min for 30 minutes
ii. Maintenance infusion: 0.1 mcg/kg/min
iii. Rate will be halved for patients with renal
insufficiency.
c. Eftifibatide (Integrilin)
i. Loading bolus: 180 mcg/kg over 1-2 minutes
ii. Maintenance infusion: 2 mcg/kg/min up to 72 hours
4. Special Considerations:
a. Use infusion pump
b. Should always be given WITH heparin
c. If bleeding occurs, need to turn off heparin as well as the
GPlIb/llla drug.
d. All settings on this medication are to be determined by the
ordering physician.
i Heparin gtt
a. Uses: Prevents blood clotting, especially in the following situations:
Acute M, Pulmonary Embolus, Deep Vein Thrombosis
b. Adverse Effects: Hemorrhage from various sites including needle
sticks, Gl tract, CNS bleeds
c. Dosing:
i. Bolus: 15-18mg/kg
ii. Infusion: 800-1600 mg/hour
iii. Infusion rates may be outside this range and should not
require adjustment during transport
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d. Special Considerations:
i. Use infusion pump
ii. D/Cimmediately for onset of major bleeding or acute
mental status change
iii. Contact MC for any bleeding such as IV sites or gums
ii. Inotropes
a. Uses: Short term intravenous treatment of patients with acute
decompensated heart failure Severe CHF/Cardiogenic Shock To
increase cardiac output by increasing myocardial contractility and
stroke volume Hemodynamically significant hypotension not
resulting from hypovolemia
b. Adverse Effects: May develop hypokalemia resulting from
increased cardiac output and/or diuresis. May have tachycardia,
ventricular dysrhythmias or ectopy, hypertension, angina or
ischemic chest pain. Dobutamine may also cause hypotension.
Dopamine may cause nervousness, headache, palpitations,
dyspnea, nausea or vomiting
c. Dosing:
i. Inamrinone (Inocor):
1. Loading dose over 2-3 minutes: 0.75 mcg/kg
2. Maintenance infusion: 5-10 mcg/kg/min
ii. Milrinone (Primacor)
1. Loading dose over 10 minutes: 50 mcg/kg
2. Maintenance infusion: See dosing chart
iii. Dobutamine
1. Infusion: 2.5-20 mcg/kg/min continuous
2. Onset may be 10 minutes
iv. Dopamine
1. Infusion: 1-20 mcg/kg/min continuous
2. Onset may be 10 minutes
v. Epinephrine
1. Infusion: 1-10 mcg/min titrated to effect
vi. Norepinephrine (Levophed)
1. Infusion: 0.5-1.0 mcg/min; titrated up to 30 mcg/min
d. Special Considerations
i. Use infusion pump
ii. For Inamrinone/Milrinone: do not mix with Lasix or
dextrose-containing solutions
iii. Monitor for cardiac dysrhythmias; these may be caused by
hypokalemia, pre-existing arrhythmias, abnormal drug
levels, catheter placement, etc.
iv. Check blood pressure and heart rate frequently.
v. Discontinue briefly if develop hypotension secondary to
vasodilatation.
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vi. Contact MC for any adverse affects
iii. Thrombolytic Therapy
a. Uses: Dissolves clots in blood vessels Generally used in the setting
of Acute Ml or CVA; occasionally used Pulmonary Embolus
b. Adverse Effects: Minor hemorrhages from IV sites and gums
Major hemorrhage from Gl and intracranial or spinal sites
Reperfusion dysrhythmias often occur about 30-60 minutes after
staring infusion.
5. Dosing:
a. tPA
i. Dose to be determined by transferring physician
ii. Rate should not require adjusting en route
6. Special Considerations:
a. Use infusion pump
Monitor heart rhythm
Check BP and HR frequently
Do not mix with other medications in the same line
D/C infusion immediately if there is cardiac arrest, major
hemorrhage, anaphylaxis or change in mental status AND call
MC.
b. Sedation and Paralytic Agents
i. Benzodiazepine gtt
1. Uses: Sedation for patients who are intubated (and often
concurrently on a paralytic drip) May be used to treat Status
Epilepticus
2. Adverse Effects: May be more prone to hypotension if used with an
opioid drug Can cause paradoxical agitation, hypertension or
tachycardia
3. Dosing:
a. Lorazepam (Ativan):
i. Loading dose: 0.5-4.0 mg IV bolus; may be repeated
in 10 min
ii. Infusion: 0.02-0.1 mg/kg/hour
b. Midazolam (Versed):
i. Loading dose: 0.01-0.1 mg/kg IV bolus
ii. Infusion 0.02-0.1 mg/kg/hour
4. Special Considerations:
a. Only to be used in intubated patients
ii. Moderate Sedation Agents
1. Uses: Sedation for patients who are intubated (and often
concurrently on a paralytic drip) May also be used for refractory
seizures or therapeutic coma
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2. Adverse Effects: May be more prone to hypotension if used with an
opioid drug. Can cause paradoxical agitation, hypertension or
tachycardia

3. Dosing:

a. Propofol:
i. Loading dose: 0.5-5 mg/kg
ii. Maintenance infusion: 2-10 mg/kg/hour

b. Barbiturates: Pentobarbital is most commonly used
i. Loading dose: 10 mg/kg; infuse up to 25 mg/min
ii. Maintenance: 1-2 mg/kg/hour

c. Ketamine:
i. Loading dose: 1-5 mg/kg
ii. Maintenance infusion: 0.01-0.05 mg/kg/hour

4. Special Considerations:
a. Onlyto be used in intubated patients
iii. Opioid gtt

1. Uses: Typically part of a sedation combination for patients who are
intubated. Occasionally for pain control

2. Adverse Effects: May cause hypotension, especially in volume
depleted patients or those with right-sided heart failure

3. Dosing:

a. Morphine
i. Bolus:0.5-10 mg
ii. Infusion: 2-30 mg/hr
b. Fentanyl
i. Bolus: 1-3 mcg/kg
ii. Infusion: 25-250 mcg/hr
4. Special Considerations:
a. Not advisable to give patients on narcotic drips Naloxone, as
this may precipitate acute withdrawal
b. Antihistamines (both H1 and H2) may counteract
hypotension.
iv. Paralytic Agents

1. Uses: Total muscular paralysis when patient movement may:

a. Compromise airway control (e.g. causing unwanted
extubation)

b. Exacerbate a real or potential illness or injury (e.g. spinal cord
injury from a spine fracture)

c. Endanger the patient, EMS care provider or others

2. Adverse Effects: Bronchospasm, flushing, hypotension and
tachycardia have been rarely reported

3. Deosing:

a. Pancuronium:
i. Loading dose: 10 mg/kg
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ii. May repeat dose every 1-2 hours as needed
b. Vecuronium:
i. Initial dose: 10 mg IV push
ii. Repeat dose of 10 mg IV push every 20-40 minutes as
needed
iii. Maintenance infusion may be an alternative:
0.01mg/kg/min
c. Rocuronium:
i. Loading dose 0.6 mg/kg
ii. May rebolus 0.2 mg/kg every 30-45 minutes
iii. Maintenance infusion may be an alternative: 0.01—
0.15 g/kg/min
4. Special Considerations:
a. Produces COMPLETE APNEA; therefore an intact airway
(e.g. endotracheal intubation), and adequate
ventilation/oxygenation MUST BE ESTABLISHED PRIOR
TO ADMINISTRATION. Likewise, personnel and
equipment with the ability to restore an airway, ventilation
and oxygenation must be available during transport.
b. Causes paralysis only; therefore concomitant use of a
sedative/hypnotic is indicated
c. Note: Paralysis may alter the clinical exam. For example,
motor seizure activity will not be seen, but the brain will
continue to undergo seizure activity, and this must be treated!
Also, conditions such as shock, hypoxia, pain, intracranial
injury, hypoglycemia, etc. maybe the cause of this unwanted,
spontaneous patient movement in the first place. These
conditions must be addressed but may be masked by the
paralytic agent!
c. CNS Drugs
i. Anticonvulsants
1. Uses: Prevention and treatment of seizures
2. Adverse Effects:
a. If intravenous phenytoin is given too rapidly, may result in:
i. Cardiac dysrhythmias including ventricular fibrillation
or asystole
ii. Hypotension
b. Subcutaneous extravasations of intravenous phenytoin may
cause tissue necrosis or pain at the IV site
3. Deosing:
a. Phenytoin:
i. 100-1200mg IV piggyback in normal saline;
ii. Rate not to exceed 50 mg/min
b. Fosphenytoin: dose expressed in phenytoin equivalents (PE)
1. 15-20 PE/kg; rate up to 100-150 PE/min
c. Valproic Acid:
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i. 40-60 mg/kg Rate up to 3 mg/kg/min
d. Phenobarbital:
1. 5-15 mg/kg IV, then 0.5-10 mg/kg/hour
4. Special Considerations:
a. Use infusion pump
b. Monitor heart rhythm
c. Check BP frequently; vital sign monitor recommended
d. D/C infusion and contact MC for any adverse effects
ii. Mannitol
1. Uses: Treatment of increased intracranial pressure or selected fluid
overload states
2. Adverse Effects: Hypernatremia, Volume Depletion
3. Dosing:
a. 25-50 grams IV push or bolus infusion (in 50cc D5W over 20
minutes)
4. Special Considerations:
a. Patients receiving mannitol should have a Foley to monitor fluid
status
1ii.  Steroids
1. Uses: Spinal cord injury to decrease edema. Cerebral edema due to
injury or CNS mass or lesion
2. Adverse Effects: GI Bleed, Electrolyte disturbance and hyperglycemia,
Hypertension, Acute CHF, Agitation, Corticosteroid hormonal
suppression (hypoglycemia, hypotension, hypothermia), Higher risk for
infection or masking symptoms of infection
3. Dosing:
a. Methylprednisolone (Solumedrol):
1. Initial bolus: 30 mg/kg over 15 minutes
ii. Start infusion 45 minutes later: 5.4 mg/kg/hour for 23
hours
b. Dexamethasone (Decadron):
1. Cerebral Edema: start with 10 mg IV x 1, then 4 mg
IM/IV q 6 hrs
4. Special Considerations:
a. Contact MC for question of adverse effects
d. HAL/TPN, Insulin and Electolytes
i. Hyperalimentation/TPN
1. Uses: Intravenous nutrition
2. Adverse Effects: Catheter related sepsis, Air embolism if central venous
IV tubing becomes disconnected, Subcutaneous extravasations of
solution can cause tissue necrosis Discontinuation of infusion may cause
hypoglycemia
3. Dosage: Continuous infusion usually through central venous catheter
but occasionally through a peripheral IV line. Rate should not require
adjustment enroute.
4. Special Considerations:
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a. Use infusion pump.
b. Do not administer any other medication through the same IV
line.
c. Contact MC for any adverse effects listed above
d. Consider use of a cardiac monitor
ii. Insulin gtt
1. Uses: Lowers blood glucose. Used in diabetics especially with
ketoacidosis or hyperosmolar nonketonic coma.
2. Adverse Effects: Hypoglycemia related (tachycardia, diaphoresis,
mental status changes, and seizures)
3. Dosage: 5-15 units per hour but dosages outside this range may be
used.
4. Special Considerations:
a. Use infusion pump
b. Do not administer medications in the same IV line except D50.
c. If symptoms of hypoglycemia develop:
i. turn off infusion, perform a D-Stick, administer 25
grams, (one AMP) D50) if glucose <80 and contact MC.
ii. Monitor blood sugar every 30 minutes during transport
iii. Cardiac monitoring required
iii. Potassium Chloride
1. Uses: Replacement therapy for hypokalemia
2. Adverse Effects: Cardiac dysrhythmias (prolonged PR interval; wide QRS
complex; depressed ST segment; tall, peaked T-waves; heart block;
cardiac arrest). Subcutaneous extravasations of solution can cause
tissue necrosis
3. Dosage:
a. Usual range is up to 20 mEq / hr., continuous infusion.
b. May be mixed with various IV solutions in various sized bags
including “piggy back” solutions.
c. Rate should not require adjustment en route.
4. Special Considerations:
a. Monitor heart rhythm
b. Often causes burning during infusion; contact MC if this is
problematic
c. Contact MC for changes in EKG configuration and/or
dysrhythmias.
e. Obstetric Drugs
i. Magnesium Sulfate
1. Uses: Treatment of pre-eclampsia and eclamptic seizures. Premature
rupture of membranes
2. Adverse Effects: Lethargy, nausea, vomiting, hypotonia, respiratory
depression, dysrhythmia
3. Dosing:
a. Loading dose: 2 — 6 grams IV over 15 minutes (may give 2 gms
over 5 minutes)
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b. Followed by maintenance infusion: 1 — 2 gms/hr
4. Special Considerations:
a. Monitor reflexes
b. For symptomatic toxicity: 10 mLs of 10% Calcium Chloride
and contact MC
c. MC may also request furosemide and/or NS bolus as MCO
d. Inrenal failure, patient may require emergency dialysis
ii. Oxytocin (Pitocin)
a. Uses: Stimulates post-partum contraction of the uterus to
control bleeding
Adverse Effects: Hypertension, tachycardia, dysrhythmias
Dosing: 10-40 units added to 1000 mL IV Fluid to control
hemorrhage. Usual rate is 10-20 milliunits/min
d. Special Considerations:
i. Use infusion pump
ii. Monitor heart rhythm
iii. Check BP frequently; vital sign monitor recommended
iv. Contact MC for any adverse effects
f.  Antimicrobial Therapy
i. Antibiotics and Antiviral
1. Uses: Bacterial or Viral infections (treatment and prophylaxis)
2. Adverse Effects: Allergic signs and symptoms, including anaphylaxis
3. Dosage: Vary depending on the antibiotic. Generally given as a
“piggyback” solution. Rate should not require adjustment en route
4. Special Consideration: D/C infusions if there are any allergic signs or
symptoms, then contact MC.
5. Most Commonly used:

a. Acylcovir

b. Azithromycin (Zithromax),

c. Cefazolin (Ancef)

d. Ceftriaxone (Rocephin)

e. Gentamicin

f. Levofloxacin (Levaquin)

g. Metronidazole (Flagyl)

h. Piperacillin/Tazobactam (Zosyn)
i.

Vancomycin
ii. Antifungal
1. Uses: Fungal infections. Often in immune-compromised patients, those
on chemotherapy or chronic antibiotics
2. Adverse Effects: Nausea or diarrhea. Amphotericin-fever, rigors, chills.
3. Dosing:
a. Amphotericin B, Azoles or “Fungins”:
i. Usually given as bolus dosing once daily to TID.
ii. May be given as continuous bladder irrigation: 50
mg/liter Over 24 hours @ 42 ml/hour
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4. Special Considerations:

a. Drug interactions may occur with statins, coumadin, antivirals,
benzodiazepines, oral hypoglycemic drugs and transplant anti-
rejections drugs

b. Side effects can be pre-treated with Acetaminophen or
Diphenhydramine

g. Pain Control
i. Uses: Control of pain
ii. Adverse Effects: May cause hypotension, especially in volume depleted patients
or those with right-sided heart failure Respiratory Depression
iii. Dosing:
1. Morphine:

a. Loading dose: 2 mg increments given every 5-10 minutes until
adequate pain control; typically max dose is 10 mg-may be
higher in patients on chronic pain therapy

b. Infusion: 1-10 mg/hour

2. Fentanyl:
a. Loading dose: 1-5 mcg/kg given IV push
b. Infusion: 1-5 mcg/kg/hour
3. Hydromorphone (Dilaudid):
a. Loading dose: 0.5-4 mg IV slow push
b. Continuous infusion: 1-10 mg/hour
iv. Special Considerations:
1. Avoid Naloxone as this could precipitate acute withdrawal
2. Pump malfunction could precipitate withdrawal
3. Antihistamines (both H1 and H2) may counteract hypotension; this is an
MC option

h. PCA pumps and subcutaneous pumps
i. Uses: Treatment for patients with palliative care or chronic pain conditions.
Often PO analgesia is not feasible
ii. Adverse Effects: Hypotension, Respiratory depression, Catheter site infection or
irritation
iii. Dosing:
1. PCA (Patient Controlled Analgesia) Pumps
a. Morphine, Fentanyl and Hydromorphone are most commonly
used.
b. Pre-programmed settings for patient
c. Patient may require assistance to “self-administer” medication
2. Subcutaneous Catheter Pumps
a. Morphine most commonly used.
b. Up to 2 mLsvolume at a time regardless of concentration
c. May also give IV fluids at a usual rate of 1-10 mLs/hour; MAX of
25 mLs/hr
iv. Special Considerations:
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Encourage patient to use medication as needed

Avoid Naloxone as this could precipitate acute withdrawal
Pump malfunction could precipitate withdrawal
Subcutaneous catheter sites need to be changed every 7 days

PwNPE

i. Antidotes
i. N-Acetyl Cysteine/NAC (Mucomist)
1. Uses: Acetaminophen overdose-toxic quantities
2. Adverse Effects: Anaphylactoid type reactions (urticaria, flushing,
hypotension and bronchospasm)
3. Dosing:

a. Loading dose: 150 mg/kg over 15-20 minutes

b. Maintenance infusion: 50 mg/kg over 4 hours

c. Then: 100 mg/kg over 16 hours

4. Special Considerations:

a. ldeal time of onset of treatment is within 8-10 hours of
ingestion

b. Anaphylactoid reactions may be treated with IV
diphenhydramine

¢. Maintenance infusion must be doubled at the 4 hour period

ii. Cyanide Antidote Kit
1. Uses: Cyanokit is indicated for the treatment of known or suspected
cyanide poisoning.
2. Adverse Effects: Allergic reaction, HTN, Hematochezia
3. Deosing:

a. The starting dose: for adults: 5 g (i.e., both 2.5g vials)

b. Administered as an intravenous infusion over 15 minutes
(approximately 15 mL/min), i.e., 7.5 minutes/vial.

c. Depending upon the severity of the poisoning and the clinical
response, a second dose of 5 g may be administered by
intravenous infusion for a total dose of 10 g.

d. The rate of infusion for the second dose may range from 15
minutes (for patients in extremis) to two hours, as clinically
indicated.

4. Special Considerations:

a. Caution should be exercised when administering other
cyanide antidotes simultaneously with Cyanokit,

b. Ifadecision is made to administer another cyanide antidote
with Cyanokit, these drugs should not be administered
concurrently in the same intravenous line.

c. Comprehensive treatment of acute cyanide intoxication
requires support of vital functions.

d. Cyanokit should be administered in conjunction with
appropriate airway, ventilatory and circulatory support.

e. Once reconstituted, hydroxocobalamin is stable for up to 6
hours at temperatures not exceeding 40°C (104°F). Do not
freeze.
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Thiamine
Uses: Wernicke’s encephalopathy

1.

f. Any reconstituted product not used by 6 hours should be
discarded.

2. Adverse Effects: Possible anaphylactic reactions
3. Dosing: 100 mg IV over 15-30 minutes
4. Special Considerations:

a. Glucose administration in nutritionally depleted patients should
be accompanied by thiamine

Bicarbonate gtt

a. Uses: Tricyclic, aspirin or other acidotic overdoses. Renal protection
after IV contrast or with sever e muscle breakdown (rhabdomyolysis)
b. Adverse Effects: Sodium load
c. Dosing: Titrated to urine pH >7 by hospital staff
d. Special Considerations:
i. Usually will have a Foley to check urine pH and output
ii. May be associated with hypokalemia
Pyridoxine
a. Uses: Isoniazide (INH) Overdose
b. Adverse Effects: Gl upset Headache or sleepiness Tingling or burning
of hands/feet
c. Dosing: 5 grams IV over 3 — 5 minutes; repeat every 5-20 minutes
until seizures resolve
d. Special Considerations:
i. Often patient is in status epilepticus; seizures may respond to
benzodiazepines
Glucagon
a. Uses: Beta-blocker reversal, Calcium Channel Blocker reversal,
hypoglycemia
b. Adverse Effects: Nausea and Vomiting, anaphylaxis, hypertension or
hypotension.
c. Dosing:
i. Bolus:3-10 mg IV
ii. Infusion: 1-10 mg/hr
d. Special Considerations:
i. Given with an antiemetic
Intralipid
a. Uses: Beta-blocker, Calcium Channel blocker or other highly lipid
soluble overdose.
b. Adverse Effects: Hyperglycemia
c. Dosing:
i. Bolus: 1.5 mL/kg IV,
ii. Infusion: 0.25 mL/kg/min
d. Special Considerations:

i. Fat overload syndrome may result if given too rapidly. Usually
reversible upon discontinuation.
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ii. Contraindicated if known allergy to egg or soybean proteins
j. Gl Drugs
i. Acid Reduction
1. Uses: Decrease secretion of gastric acid or chronic reflux. Patients with
UGI Bleed
2. Adverse Effects: (all rare). Occasional CNS symptoms-more so in the
elderly. Jaundice. Gl upset
3. Dosing:
a. Pantoprazole (Protonix)
i. Bolus: 80 mg over 5 minutes
ii. Infusion: 8 mg/hr
b. Lansoprazole (Prevacid)
i. Bolus: 30 — 60 mg over 30 minutes
ii. Infusion: 6 mg/hr
c. Ranitidine (Zantac)
i. Bolus: 50 mg over 20 -30 minutes
ii. Infusion: 150 mg over 24 hours
4. Special Considerations:
a. May be used for antihistamine effects
ii. Gl Bleed related medications
1. Uses: Variceal Upper Gl Bleed
2. Adverse Effects: Gall Bladder sludging or stones. Diarrhea and Gl Upset.
Hypoglycemia
3. Dosing:
a. Octreotide: 50 mcg IV bolus, then 50 mcg/hour
4. Special Considerations:
a. Alters the balance between insulin/glucagon; could result in
either hypoglycemia or hyperglycemia
b. Vasopressin is presently rarely used due to its potent
vasoconstrictive and catecholamine inducing properties

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Acid Base Balance and ABG Interpretation
Nicholas McManus, DO FAAEM

https://wmrmcc.thinkific.com/courses/acid-base

Preparatory
Paramedic
1

1 hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive

1. ACID-BASE BALANCE AND BLOOD GAS ANALYSIS
a. Definitions

The body pH is strictly regulated within a narrow range of 7.35 and 7.45
Acidosis (< 7.35) = accumulation of acids = decrease in blood pH
Alkalosis (> 7.45) = accumulation of a base = increase in blood pH

iv. Acidemia =term used when describing a blood pH < 7.35

v. Alkalemia = term used when describing a blood pH > 7.45

vi. Itis possible to have a mixed process resulting in both an acidosis and an alkalosis
b. Physiology

Even minor changes in pH can have devastating effects on protein stability and
many biochemical processes.

Normal cellular metabolism constantly produces and excretes CO; into the blood.
Buffer System

1. CO,+H20 €~ H,CO; € HCOs3 +H*

2. This process is in an equilibrium, meaning all components of the left and
right sides co-exist at all times and the concentration of any component
is determined by the concentration of the components on the other side
of the equation.

3. So, if there is an increase in the concentration of any component on one
side, will shift the equation to the other side, leading to an increase in the
concentration of all components on that side.

4. This equation is paramount in your understanding of acid base regulation
in the body.
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5. Continuous Carbon dioxide production by cells within the body drives the
equilibrium to the right, resulting in the production of more hydrogen
ions.

6. pHisafunction of hydrogen ion concentration.

7. More hydrogen = higher acidity and lower pH.

8. Under normal ongoing metabolism, the blood is constantly being made
more acidic.

9. The body compensates to keep blood pH at a steady state.

10. There are 2 mechanisms by which this is achieved:

a. Lungs

i. A decrease in central and arterial chemoreceptors leads
to deeper and faster respirations and CO; is eliminated
through expired air = less hydrogen is made = blood pH
returns to normal.

ii. This mechanism is fast, occurring in minutes to hours.

b. Kidney

i. Bicarbonate is reabsorbed, and Hydrogen ions are
excreted in the urine.

ii. The kidney controls blood pH by regulating the amount
of hydrogen ion secretion and the amount of
bicarbonate reabsorption.

iii. This mechanism is slow, taking days to respond and
compensate for changes in pH

c. Respiratory Acidosis
i. Due to retention of CO2 secondary to hypoventilation.
ii. Causes

1. Primary lung disorders decreasing perfusion at the alveoli

2. Respiratory depression from medications, neuromuscular or
neurodegenerative diseases as well as with aggressive breath holding.

iii. Symptoms
1. Depressed mental status from CO; narcosis.
iv. Metabolic Compensation

1. Occurs at the kidney, which conserves more filtered bicarbonate

2. By adding new bicarbonate into circulation and by excreting more
hydrogen ions.

3. Other smaller chemical buffer systems also assist taking up hydrogen
ions, to take it out of circulation.

v. Treatment
1. Treat the underlying cause
2. NIPPV to help drive off CO,
d. Respiratory Alkalosis
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i. Due to aloss of CO, due to hyperventilation.

ii. Causes
1. Fever
2. Anxiety
3. Hyperventilation
4. High altitude with lower partial pressure of oxygen concentrations
5. As a respiratory compensation for a metabolic acidosis, such as aspirin
poisoning
iii. Symptoms

1. Tachypnea, dizziness, confusion and seizures - due to vasoconstriction
from raised pH.

v. Metabolic compensation includes a
1. Decrease in bicarbonate reabsorption
2. Less hydrogen wasting at the kidneys
3. Release of hydrogen ions from other smaller chemical buffer systems.
v. Treatment
1. Slow the ventilatory rate.
2. If the patient is hyperventilating, reassuring the patient and letting the
patient breath into a paper bag may help.
3. If the patient is on a ventilator, the breath rate can be turned down
resulting in less CO; loss at the lungs.
e. Metabolic Acidosis
i. Due to a reduction in the plasma bicarbonate levels.
ii. Causes
1. Secondary to diarrhea
2. Due to consumption of other metabolic processes such as DKA with
ketoacid formation, lactic acidosis from seizure or exercise.
iii. Symptoms
1. Kussmaul’s respirations - deep, slow and irregular respirations
2. Tachypnea
iv. Respiratory Compensation
1. Tachypnea — an attempt to increase the respiratory rate and blow off
more CO,
v. Metabolic Compensation
1. Kidneys excrete more hydrogen ions and conserving more bicarbonate.
vi. Treatment
1. Treat the underlying cause
2. Sodium Bicarbonate may be given if the pH falls below 6.9
f. Metabolic Alkalosis
i. Caused by an increase in Plasma bicarbonate WITHOUT change in CO,
ii. Causes
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1. Vomiting with loss of HCI
2. Diarrhea with loss of colonic secretions
3. Certain medications.
iii. Symptoms
1. Weakness
2. Neuralgias
3. Altered mental status
4. Seizures.

iv. Respiratory Compensation

1.

Decrease in the respiratory rate to retain more CO,

v. Metabolic Compensation

1.

Kidneys conserve more hydrogen ions and excrete more bicarbonate

vi. Treatment

1.
2.

Treat the underlying cause

Potassium is likely to be low in patients with vomiting and diarrhea and
should be replaced

Hydrochloric acid can potentially be given for severe alkalosis, and
possibly with dialysis where a low bicarbonate dialysate is used

g. Blood Gas Physiology

i. Alveoli
1.

2.
3.

As air is inspired into the lung and down the trachea, bronchi and
bronchioles, it eventually ends up at the Alveoli where the gas exchange
occurs.

pAO; is about 100 mmHg

pACO; is about 40 mmHg

ii. Pulmonary Artery

1.

The pulmonary arteries carry deoxygenated blood from the heart to the
pulmonary capillary beds where gas exchange occurs.

pAO; is about 40 mmHg

pACO; is about 46 mmHg

The higher partial pressure of carbon dioxide in the pulmonary artery in
comparison to the lower partial pressure of carbon dioxide in the
alveolus, favors movement of CO, down its concentration gradient and
into the alveoli

Oxygen will also move from an area of higher concentration to an area of
lower concentration, and this favors the movement of oxygen from the
Alveolus and into the pulmonary capillaries.

iii. Pulmonary Vein

1.
2.

pAO, is about 100 mmHg
pACO; is about 40 mmHg
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3. The pulmonary vein then pumps blood back to the heart, and it is then

subsequently pumped via systemic arteries to target tissue.
iv. Target Tissue
1. pAO;is <40 mmHg
2. pACO;is>46 mmHg
3. Again, oxygen will move down its concentration gradient from an area of
higher concentration to an area of lower concentration, and oxygen will
move into the tissue
4. CO; will move down its concentration gradient from an area of higher
concentration in the tissue, to an area of lower concentration in the
capillary bed.
h. ABG Interpretation
i. ABG Components
pH - tells us if there is an acidotic or an alkalotic process going on.
pCO; - tells us if the issue is the fault of the respiratory system.
pO: - tells us if the patient has adequate oxygenation.
HCOs - tells us if there pH imbalance is a metabolic issue.

ik wnN e

SpO0: - another assessment of oxygenation, but much more prone to
erroneous readings.
6. Base Excess - another way of measuring the metabolic component as it
contributes to pH homeostasis.
a. Normal Range: +2to—-2
b. +2 means there is a lot of base present, favoring an alkalotic
process, or compensation in the direction of an alkalotic process.
c. — 2, means there is the lack of base within the blood that is
available to participate in the buffer system.
ii. Buffer System Review
1. CO,+H20 €~ H,CO; € HCO3 +H*
2. 2 mechanisms by which this is achieved:
a. Lungs
i. A decrease in central and arterial chemoreceptors leads
to deeper and faster respirations and CO; is eliminated
through expired air = less hydrogen is made = blood pH
returns to normal.
ii. This mechanism is fast, occurring in minutes to hours.
b. Kidney
i. Bicarbonate is reabsorbed, and Hydrogen ions are
excreted in the urine.
ii. The kidney controls blood pH by regulating the amount
of hydrogen ion secretion and the amount of
bicarbonate reabsorption.
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iii. This mechanism is slow, taking days to respond and

compensate for changes in pH
iii. ABG Interpretation Steps:
1. Step 1: Give it a last name
a. The pH will give you this
b. Is it acidosis or an alkalosis. Is the pH up or down.
2. Step 2: Give it a first name
a. Which part of the buffer system is broken and who can we blame
for the abnormal pH.
b. Important: Use the HCOs or CO; off of the Basic Metabolic Panel
(venous specimen) not the actual ABG for this part.
i. CO2 combines with water to give carbonic acid, which
quickly dehydrates to bicarbonate and hydrogen ions. So,
a measurement of bicarbonate is also a measurement of
total body CO2. Do not confuse this with the partial
pressure of dissolves Carbon dioxide gas that is measured
on the ABG. Don’t overthink this part. For now, just know
that the pCO2, or partial pressure of carbon dioxide
indicates respiratory involvement, and an elevation
favors acidic Hydrogen ion formation where the CO2 on
the venous drawn basic metabolic panel is the
bicarbonate = measurement,  indicates @ metabolic
involvement, and an elevation favors a basic
environment with more bicarbonate.
c. Always start by looking at the pCO2 FIRST.
i. Isthe pCO2 abnormal, and does it fit with the pH?
1. If YES, the PRIMARY issue is the fault of the
respiratory system
a. Respiratory Acidosis = low pH and a high
pCO2
b. Respiratory Alkalosis = high pH is high
and the low pCO2
2. If NO, THE PRIMARY issue is the fault of the
metabolic system
a. Look at the bicarbonate
b. Metabolic alkalosis = high pH with a high

HCOs
c. Metabolic Acidosis = low pH and a low
HCOs
3. ROME: Respiratory Opposite and Metabolic

Equal
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3. Step 3: determine if compensation is present.

a. Once you determine if the primary problem is respiratory or
metabolic, look at the other value (the pCO; or HCO3) that is not
part of the primary problem.

b. s it within normal limits, or is it abnormal?

If it is abnormal, does it move in the opposite direction that you

would expect for the pH?

d. If so, there is compensation by that system.

4. Step 4: ensure that the paO, and SpO; is adequate and not abnormal.

a. Deoxy-hemoglobin dissociation curve.
i.  Shift to the left

1.

2.

You won’t see a drop in the pulse oximetry
reading until the oxygen concentration in the
blood is extremely low.

Causes: High pH, alkalosis, hypothermia

ji. Shift to the right

1.

2.
b. RBC Physiology

Higher concentration of O in the blood at the
time the pulse Oximeter reading starts to fall.
Causes: low pH and hyperthermia.

i. Hemoglobin

1.
2.
3.

4 subunits (2 alpha and 2 beta)

Each subunit contains a Heme group

An oxygen or carbon dioxide molecule can bind
to each of these heme compounds

ii. Met-hemoglobin

1.
2.

Contains Fes* = cannot bind O,

Causes: nitrates found in foods, or medications
such as lidocaine, sulfonamides, dapsone,
benzocaine, pyridium and nitrates can cause a
higher concentration of methemoglobin.

Causes a change in the Hgb protein = causes the
normal heme groups to have a much higher
affinity for oxygen = cannot release bound O,
SpO; will tend to read in the mid 80’s as this is
measuring the amount of oxygen being
transported around in the blood.

Though, the patient can look profoundly
cyanotic. This is because the oxygen that is
present in the blood, is not able to be released
from the red blood cells at target tissues, so the

Office: 231-728-1967

Fax: 231-728-1644

Lesson Plan #0106





:@WMRMC West Michigan Regional Medical Consortium

1675 Leahy St Suite 308B Muskegon, M| 49442

patient gets cyanotic despite a modest decrease
in Sp02.
6. Treatment:
a. Methylene blue
iii. Carbon Monoxide
1. CO molecules can also bind to the heme sites on
the hemoglobin protein.
2. This forms a much more stable complex with the
heme group than oxygen does
3. SpO, will still read normal as all heme sites still
occupied
4. Treatment:
a. High flow O; in hopes to outnumber the
CO molecules and regain their sites on
the RBCs
c. Assessment of perfusion
i. Hypoxemia:
1. determined by PaO;
2. Low oxygen concentration measures in a blood
sample.
ii. Hypoxia
1. determined by SpO,
2. Low concentration of delivered oxygen to tissue.
iii. We can use these two readings to determine if perfusion
is adequate.
iv. Pa02=FiO,X5.5
1. | typically just use 5, as it will get you close
enough and easier to calculate in my head.
2. FiO2is the concentration of oxygen in the air we
breathe.
3. Normal room air is made up of 21% oxygen. So if
we multiply 21 x 5, we get 105. So, a normal
Pa02 in someone breathing room air is about
105 mmHg.
4. Determining FiO,
a. Room air 21
b. Nasal Cannula

i 1L=24
ii. 2L=28
ii. 3L=32
iv. 4L=36
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v. 5L=40
vi. 6L=44
c. Face Mask

i. 6L=35
ii. 7L=41
jiii. 8L=47
iv. 9L=53
v. 10L=59

d. Non-Rebreather
i. Add 10% for every Liter of flow
e. Venti mask
i. FiO2 is dependent on the
adapter piece and the flow rate.

Outline for Presentation:
Introductions and Overview of Course
Definitions

Buffer System

Respiratory Acidosis/Alkalosis
Metabolic Acidosis/Alkalosis
Blood Gas Physiology

ABG Interpretation steps
Assessment of perfusion

. Summary

10. Quiz

CENDU A WNE

Student Evaluation Method: Quiz to be completed at end of course with an 80% or better for course completion.

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Lesson Plan: Basic Lab Values

West Michigan Regional Medical Consortium

Basic Lab Values
Nicholas McManus, DO FAAEM

https://wmrmcc.thinkific.com/courses/basic-lab-values

Preparatory

PARAMEDIC

1 hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive
Define basic metabolic panel.

Identify normal lab values.

Discuss reason lab values may vary.

Identify treatments for outside of normal lab value findings.

1.

Bl NS

Outline for Presentation:

A.

iSTAT

Basic Metabolic Panel
Chemistry panel, also known as the Basic Metabolic Panel which typically contains 8
values.
Also known as a Chem-7, Chem-8 or Chem-10 (depending on the number of components
of the test).
The Comprehensive Metabolic Panel is the same as a Basic Metabolic Panel, but also
includes liver function studies.
In clinical practice, the Chemistry panel is written as short hand using what is known as a
fish bone.
i. The numeric readings for each value sits in the designated spot on the fishbone,
which is quicker and easier than writing them all out with the associated word.
ii. Universal understanding of the components of the fishbone allows clinicians to
efficiently communicate multiple lab values in written documentation.

An iSTAT is a handheld bedside blood analyzer that allows rapid analysis of many lab
values including lactic acid, hematology values such as hemoglobin and hematocrit,
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Chemistry panel, Cardiac enzymes, Coagulation labs such as the PT/INR, arterial or venous
blood gases and a blood pregnancy test.
For the purpose of this lecture, most of the lab values we will discuss are pertinent to the
management of critical and emergency medical management of patients and we will
focus on the most common lab values that will give you the broadest and most complete
understanding of these measurements.

C. Biomedical Pathways

a.

This lecture will include many pathways, which may seem overwhelming depending on
your current level of understanding.
For the purpose of this lecture, it is important to understand the overall purpose of each
pathway, which should give you a better understanding on a particular physiological
process, but don’t get caught up in the details. At least not until you grasp the overall
concepts.
The Renin Angiotensin aldosterone system (also known as RAAS for short):
i. A system of different hormones that regulates blood pressure and fluid balance.
ii. Steps:

1. Adropinblood pressure decreases the amount of blood that flows to the
kidney. This drop in blood pressure is sensed by specialized cells in the
kidney known as the juxtaglomerular cells.

2. The kidney then activates and secretes a hormone known as Renin into
circulation.

3. Theliver secretes a hormone known as angiotensinogen, which circulates
in the blood waiting for the signal from Renin to become activated.

4. Renin then converts Angiotensinogen to Angiotensin .

5. The lungs contain an Enzyme known as Angiotensin-Converting Enzyme
(or ACE for short). This enzyme is the target of the anti-hypertensive
medications ACE-inhibitors such as Lisinopril. ACE converts Angiotensin |
into Angiotensin Il.

6. Angiotensin Il is the main player in this pathway and has many functions:

a. First, it directly increases sympathetic activity. The fight or flight
mechanism of the body.

b. Secondly, Angiotensin Il acts directly on the renal tubules to
increase the reabsorption of Sodium, Chloride and Water and at
the same time, excretes potassium to maintain electrolyte
balance.

¢. This mechanism is also managed a second way. Angiotensin ||
stimulates the adrenal gland, that sits on top of the kidney, to
secrete aldosterone, which has the same effect in electrolyte
balance.
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d. Angiotensin Il also acts directly at the smooth muscle cells of
blood vessels, causing vasoconstriction, which increased blood
pressure.

e. Finally, Angiotensin Il acts in the pituitary gland to secrete a
hormone known as Anti-Diuretic Hormone (or ADH), which works
in the kidney as well, but this time at the collecting ducts and
reabsorbs water. So, it is true to its name in that it is the opposite
of a diuretic, or an antidiuretic. Another name for ADH, is
vasopressin, which | am sure you are all familiar with in its use as
a medication given to help increase blood pressure.

7. As blood pressure increases, the increase in renal blood flow is again
sensed by the juxtaglomerular cells in the kidney, and renin is no longer
produced.

d. Fluid and Solute Shifts
i. Osmosis

1. The spontaneous net movement of solvent molecules, such as water,
through a semi-permeable membrane into a region of higher solute
concentration.

2. If the body, water shifts in and out of cellular structures based on the
concentration of different solutes on each side of that membrane
(Solutes include electrolytes such as sodium, or different proteins such as
Albumin).

3. Keep in mind, with osmosis, the water molecules are small enough to
pass through the cellular membranes, but the different solutes cannot.

4. With osmosis, water will always follow solute, until the concentration of
solute is equal on both sides.

ii. Diffusion

1. The movement of molecules from a region of high concentration to an
area of low concentration.

2. The gaps in the cellular membrane are large enough for the solute to
pass, and therefore, they will move down their concentration gradient
until an equal concentration is achieved on each side of the membrane.

D. Basic Metabolic Panel - FISH BONE
a. SODIUM
i. Sodium is the primary extracellular cation in the body.
ii. Itregulates osmotic forces, it is involved in membrane transport systems, it helps
regulate many chemical reactions as well as aid in acid-base balance.
iii. Na/K pump

1. The picture shown here is of a cell membrane. The Green box in the

center is the Na/K pump. This is an enzyme that acts as a pump to pump
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Sodium out of cells while pumping potassium into cells. Both of these ions
are moving AGAINST their concentration gradient, and this movement
requires energy which is formed by cleaving a phosphate from the
molecule ATP.

2. The movement of these ions gives energy for other transport systems
that move amino acids, glucose and other nutrients into cells, it controls
signaling within many cells, controls cell volume and controls neuron
activity.

3. This small electrolyte shift is important to so many mechanisms in the
body, that you can hopefully appreciate the importance that Sodium,
Potassium and even phosphorus play in cellular function.

iv. Normal Range of Sodium

1. The normal range of Sodium is typically 138-146 mmol/L.

2. Values outside this range can have detrimental effects on many cellular
functions throughout the body.

v. Hypernatremia (sodium that is too high)

1. Causes:

a. Dehydration (the concentration of sodium is elevated in relation
to the amount of water in the body).

i. In the setting of dehydration, a decrease is blood
pressure is sensed by the kidneys and the RAAS system is
activated, increasing the absorption of water in the
kidneys.

ii. Further, the chemoreceptors in the brain sense a higher
sodium concentration, and the pituitary will secrete
ADH, causing more free water to be reabsorbed. It also
activates the thirst centers, causing the patient to feel
thirsty.

b. Excess saline administration.

c. Renal loss of water, such as aggressive diuretic use or Diabetes
Insipidus.

2. Treatment:

a. As clinicians, we can help this process by giving the patient free
water. What that means is, we are giving water in the pure form,
without sodium.

b. If the patient can tolerate oral fluids, we can give them water to
drink.

c. It is not uncommon the amount of free water that they are
deficient is quite large, in the 7-10-liter range.
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d. This deficit is a calculated value based on a patients gender, age,
weight and sodium level.

e. If they need more free water than they can drink, or they are
unable to tolerate PO, we can give them free water through the
IV. However, it is not safe to infuse free water into an IV. So IV
free water is given in the form of Dextrose and water, or D5W.

vi. Hyponatremia (sodium concentration that is too low)
1. Causes:

a. Excessive vomiting or diarrhea, where sodium is expelled from
the body before it can be absorbed, or reabsorbed by the Gl
tract).

b. Certain diuretics

c. Inadequate salt intake

d. Drinking too much free water (as seen in diabetes insipidus)

2. Symptoms:

a. Headaches, confusion, lethargy

b. If the levels drop below 120 mEg/L, the patient is at risk for
seizures, coma and death.

3. Treatment:

a. Gradually increase in the sodium concentration by slow infusion
of 0.9% normal saline.

b. If sodium is corrected too rapidly, a devastating phemonenon
called Central Pontine Myolinolysis can occur, where the myelin
sheath on neuronal cells in the pons of the brainstem
degenerates, and results in irreversible paralysis, difficulty
swallowing, difficulty speaking and other neurological symptoms.

c. A1 liter bag of normal saline will increase sodium by about 1
mEq/L.

d. Our goal in treatment is an increase in serum sodium by 1-2
mEq/L/hrin acute hyponatremia, and no more than 0.5 mEqg/L/hr
in patients with chronic hyponatremia to avoid central Pontine
myolinolysis.

e. If a patients sodium drops too low, and they start to have
significant neurological changes and certainly if they develop
seizures, the treatment is to give a higher concentration of
sodium. This is done with 3% hypertonic saline given at 25-100
mL/hr with very close monitoring of rate correction.

f. If seizures occur, treatment of the seizure with benzodiazepines
should be attempted, but unlikely to respond until the sodium is
brought up to a safer level, typically > 120 mEq/L
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4. Correction of Na for Hyperglycemia

a. Whenever hyponatremia is seen on laboratory evaluation, look
at the glucose.

b. Significant elevations in glucose will cause sodium
concentrations to appear low, and this is actually a falsely low
reading even though the actual sodium concentration may be
normal.

c. If you notice a significantly elevated glucose level (like in the
hundreds) and the sodium is low, you must correct the sodium
level with the following equation.

sodium 1.65 X (glucose [mg per dL] — 100)

Corrected serum sodium = (mEq perl) * 00

d. Alternate Method:
i. Typically, sodium will falsely read low by 1.6 mEg/L for
every 100 mg/dL of glucose AFTER 100.
ii. Ex:if the patients’ Sodium level is 129 and blood glucose
is 300:

1. Add 1.6 for every 100 mg/dL of glucose AFTER
100.

2. Soin this case, we use a glucose level of 200.

3. So we will have to add 1.6 twice (so, 3.2) to the
patients measured sodium to get the corrected,
and accurate sodium level.

4. Corrected Sodium for a glucose of 300 = 132.2
(round it to 132).

e. Even Easier Method
i. Download the app MDCalc, and you can just plug the
numbers in.
b. POTASSIUM

i. The major INTRACELLULAR cation in the body.

ii. Along with sodium, it regulates intracellular volume, plays an important role in
not only nerve conduction, but also contraction of skeletal and cardiac muscle
cells and plays an important role in many metabolic processes.

iii. The normal range is 3.5-4.9 mEq/L.

iv. Hyperkalemia (concentration of potassium is too high)

1. Causes:
a. Renalfailure (potassium is no longer filtered or excreted through
the kidneys)
b. Excessive potassium replacement.
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c. Trauma - remember that potassium likes to be inside of cells, so
trauma causing massive tissue damage, such as a crush injury
that causes large amounts of cellular damage can cause
dangerously high levels of potassium to spill into systemic
circulation.

i. Reperfusion syndrome - patients extremities are crushed
and trapped by a large object, such as a fallen building or
the dash of a car for a prolonged period of time, and
when the object is removed and the blood that was
trapped in the pinned extremity is released into systemic
circulation, a toxic level of potassium reaches the heart
resulting in cardiac arrest.

Signs and Symptoms

a. Cardiac dysrhythmias

i. Typically not seen until the potassium level reaches a
level of about 6.5.

b. EKG Changes

i. Potassium level of 6.5-7.5

1. Prolonging of the PR interval
2. Shortening of the QT segment
3. Peaking of the T waves.
ii. Potassium level of 7.5-8.0
1. P-waves begin to flatten
2. QRS begins to widen.
iii. Potassium levels greater than 8.0
1. QRS segment begins to widen so much that it is
difficult to appreciate a normal QRS segment,
and it starts to become more of a sine wave
appearance
2. Rapidly degrades into v-fib and then asystole.
Treatment

a. Getan EKG!

i. If there are no significant EKG changes, and the
potassium level is significantly elevated, the blood
specimen should be redrawn prior to treatment as many
factors can lead to a false reading. A prolonged
tourniquet time while searching for a vein to start an IV,
for example can cause a falsely elevated reading as cells
leak potassium into the hypoxic arm, causing a higher
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b.

[oN

local concentration that does not represent the true
systemic concentration.
Calcium (either gluconate or chloride)

i. Always given first

ii. Stabilizes the cardiac membrane

iii. Does nothing to actually decrease potassium levels.

Insulin

i. Will drive potassium into cells, and this hides it.

ii. Thisisonlyatemporizing measure, as it doesn’t decrease
the actual whole body level of potassium, only
temporarily decreases the amount of potassium in
systemic circulation.

iii. Giving 10 units of insulin to a patient who is not
hyperglycemic could be a big problem, so we always give
glucose with the insulin when it is used for hyperkalemia.

Sodium Bicarbonate

i. Also helps to hide potassium in cells, providing a

temporary fix.
Inhaled albuterol

i. Also helps to hide potassium in cells, providing a

temporary fix.

Lasix
i. Sometimes used
ii. Increases the amount of potassium excreted at the
kidneys.
Kayexalate
i. Binds potassium in the Gl tract, preventing its re-
absorption.
ii. This process is very slow
iii. Literature is mixed on its actually clinical efficacy.
Dialysis

i. Indicated for significant hyperkalemia and will actually
rapidly remove potassium from the body.

v. Hypokalemia (serum potassium levels less than 3.5).

1. Causes:
a.
b.
C.
d.

Over-diuresis

Inadequate dietary intake of potassium
Gl wasting with diarrhea and vomiting
Other metabolic conditions.

2. Signs/Symptoms
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a.

h.

@m0 o0 T

Metabolic alkalosis
i. potassium is lost as a compensatory mechanism in the

kidney in exchange for sodium, which we will talk more
about later. Remember that potassium is vital for cell
depolarization.

Confusion

Drowsiness

Weakness

Fatigue

More prone to arrhythmias.

lleus

Nausea and Vomiting

3. Treatment

a.
b.

Replacement of Potassium.
Potassium is significantly more efficiently absorbed through the
Gl tract, than through IV administration.
So, if the patient can take oral medications, we prefer this route.
However, it may be beneficial to give potassium both PO as well
as V.
IV potassium must be given over a long period of time to help
minimize risks associated with the IV infusion and is typically
given at a rate of 10 mEq per hour at a maximum of 40-50 mEq
per treatment.
There are dextrose containing potassium formulations, however,
this should really just be avoided as it can cause an anaphylactic
reaction in patients who have an allergy to corn products.
For each 10 mEq dose of potassium given IV, will increase the
serum concentration of potassium by 0.1 mEq.
i. So if a patients potassium level is 3.1, we can estimate
that giving them 40 mEq of IV potassium will increase
their serum concentration back to 3.5.
ii. Oral potassium replacement is much less predictable, so
we can’t use this rule for estimating enteral potassium
replacement

c. BICARBONATE (HCO3/C02)
i. The normal range of Bicarbonate is 23-28 mmol/L.

ii. In the majority of the time, you will actually not find Bicarbonate listed on the

chemistry panel, but it is there. That is because it is actually listed as CO2.

1. In the body, most CO2 is actually being carried around in a molecule

known as Bicarbonate, or HCO3
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2. Therefore, a CO2 blood test is really a measurement of your blood

bicarbonate level.

CO2 and HCO3 are used interchangeably when referring to the basic
metabolic or chemistry panel.

It is important NOT TO CONFUSE this with the pCO2, which is the partial
pressure of CO2 in the blood and important in blood gas and pH analysis.
We will discuss that more later.

jii.  Blood pH is maintained by the bicarbonate buffer system.

1.

6.

d. CHLORIDE

The lungs and the kidneys are constantly involved in a tug-of-war to help
maintain acid-base homeostasis.

CO2 reacts with water to form carbonic acid, which readily dissociates
into bicarbonate and a hydrogen ion.

An increase in the formation of the molecules on any one side of this
equation will result in a compensatory increase in the formation of
molecules on the opposite side of the equation to keep blood pH at the
physiological level of 7.35-7.45.

CO2 is actually safely carried by red blood cells in the form of bicarbonate
and transported throughout the body and eventually to the lungs to
participate in gas exchange.

Response to acidosis

a. The body will compensate and do what it can to shift the
equation to the right, in favor of bicarbonate formation which
will buffer the blood and increase the pH.

b. This is done by generation of new bicarbonate in the kidney and
increased absorption of bicarbonate in the kidney.

c. The equation can readily move from right to left and left to right,
so the kidney will also excrete hydrogen ions to prevent further
formation of carbonic acid.

d. Further, the lungs help out by increasing the respiratory rate and
blowing off more CO2.

Response to alkalosis

a. The body will compensate and do what it can to shift the
equation to the left, in favor of carbonic acid, and decrease the
pH.

b. This is done by renal wasting of bicarbonate and decreased
bicarbonate production by the kidney.

c. Hydrogenions are saved at the kidney and the lungs decrease the
respiratory rate to increase the amount of CO2 that is now
present to allow for more carbonic acid production.
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An abundant anion in the extra-cellular fluid.
Mechanisms
1. Moves in and out of cells with sodium
2. Involved in many cellular transport systems
3. Helps transport CO2 to RBC’s

e. BLOOD UREA NITROGEN (BUN)

Vi.

Vii.

viii.

Ammonia is a waste product of amino acid catabolism and is quite a toxic
substance to the body.

Our body converts the toxic ammonia, to a less toxic substance such as urea
nitrogen (Urea Cycle).

Urea nitrogen that is produced is released into the blood where it eventually
travels to the kidneys and is excreted in urine.

We can measure the amount of urea nitrogen in the blood as an indirect
measurement of how well the kidneys are functioning.

If the kidneys are not filtering the way they should, the serum blood urea nitrogen
level will be increased.

Azotemia (An elevation of BUN)

1. However, this really not a specific lab value to completely assess renal
function, as other things can make this value elevate such as heart failure,
dehydration, and a high protein.

2. UPPER Gl Bleed

a. Consider if you see levels greater than 30 mg/dL

b. As blood enters the stomach, the protein components of blood,
including hemoglobin and immunoglobulins are digested and just
like any other protein, their amino acids are utilized with the
same waste product of Ammonia, and eventually Urea Nitrogen.

c. ltisimportant to note that this is only seen with upper Gl bleeds,
and not lower Gl bleeds as proteins are broken down to amino
acids in this portion of the digestive tract.

Clinically, BUN is used in conjunction with creatinine to assess fluid status.

1. As intravascular volume decreases, so does the oncotic pressures that

filter substances through the kidney.
Mechanisms of Kidney Injury

1. Prerenal (an insult occurring before the kidney)

a. Etiologies: Sudden drop in blood pressure, or dehydration will
cause a decrease in the blood flow to the kidney, and will cause
an elevation in BUN that typically is elevated significantly higher
than the other 2 mechanisms of insult.

b. Clinically, this is likely the most often utilized benefit of analyzing
BUN.
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c. If the kidney injury is due to a prerenal cause the radio on
BUN/Creatinine will typically be > 20.
d. Treatment: IV fluids
2. Renal (direct insult to the kidney)
a. Etiologies: Direct infectious process, an autoimmune disorder or
toxic medication effect.
b. The BUN will also increase, but not to the level that it is seen with
a prerenal etiology.
c. The ratio of BUN/Creatinine is typically less than 20.
3. Post-Renal (insult offering after the level of the kidney)
a. Etiologies: Impedance of urine flow from a kidney stone blocking
the urinary outflow.
b. Again, BUN will elevate, but not to the level of that seen in a
prerenal etiology.
f. CREATININE
i. Creatinine is a much more specific indicator of how the kidney is doing.

ii. Creatinine is a chemical waste molecule generated from muscle metabolism.

iii. Itistransported through the bloodstream to the kidneys and most of this waste
product is filtered out through the kidneys and into the urine.

iv. Itis more specifically elevated in renal failure, or during a pathologic process that
causes injury to the kidney such as profound dehydration and shock, which
decreases blood flow to the kidney resulting in injury.

v. The normal value of Creatinine is patient specific, as patients may have chronic

Ill

renal failure and their “normal” value may be outside of the range listed here.

vi. Clinically, it is the change in creatinine that we use to assess changes in renal
function. However, in an otherwise healthy patient with no history of renal
disease, their value is typically 0.6-1.3 mg/dL.

vii. Low creatinine levels aren’t typically of clinical concern, as the goal of the body is
to get rid of this waste product anyways, but can be seen in pregnancy, starvation
states and in patients after dialysis.

viii. AKIN Criteria

1. Stage 1 AKI - Creatinine increases by more than 1.5 from the patients
baseline or an elevation by more than 0.3 mg/dI.

2. So, if you don’t remember anything else from this chart just remember
that if the patients baseline

ix. Example

1. Cris0.7,and today itis 1.1, the patient is in an acute kidney injury.

2. Now lets tie in BUN. If the patients BUN is elevated, we look at the ratio
of BUN elevation in relation to Cr elevation.
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3. Soifthe BUN is 24, we divide that by 1.1, and we get a value of 21.8. This
is greater than 20.

4. So if the clinical appearance of the patient fits intervascular volume
depletion, the treatment for this patient will likely be to initiate IV fluids
while other possible causes of renal injury are ruled out.

g. GLUCOSE

i. Glucose levels will change based on fasting vs fed states.

ii. Fasting blood glucose level is 70-105 mg/dL in a nondiabetic patient.

iii. Serves as nearly the only energy source for the brain.

iv. As blood glucose drops = pancreas promotes glucagon release = stimulates
glycogen breakdown into glucose in the liver.

v. As blood glucose rises = pancreas secretes insulin which stimulates the uptake
of glucose into tissue and cells and stimulates he storage of excess glucose as
glycogen by the liver.

vi. Hyperglycemia

1. Symptoms

a. Thirst
b. Urinary output increases — due to increased water secretion
c. Blurred Vision — due to fluid shifts in the eye
2. Treatment
a. Normal saline — correct body fluid depletion
b. Insulin —once hydrated
c. Potassium — Insulin shifts potassium into cells, so much watch
closely.

3. Diabetic Ketoacidosis

a. Increased release of glucose by the liver, but also leads to release
of free fatty acids and from adipose tissue which are converted
to ketones to try to use as an energy source.

Without insulin, the body cannot uptake glucose into cells.
Ketones cause pH to decrease = metabolic acidosis.
Bicarbonate system rapidly overwhelmed.

Typically occurs in Type 1 diabetics, as they have a complete lack

© oo o

of insulin.

f. Causes include infection, after exogenous steroid use or
following a stroke or M.

4. Hyperglycemic Hyperosmolar Syndrome

a. Seen with a relative insulin deficiency that leads to an increase in
serum glucose.

b. Typically seen in Type 2 diabetics that still have some insulin
secretion.
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.
j.

As insulin is still present in these patients, ketones are not
typically produced as glucose can still be used by cells as a source
of energy.

However, the glucose levels increase to a level that increases the
overall serum osmolarity.

Typically, glucose levels are significantly higher than those seen
in DKA, and not uncommonly greater than 900.

Ketones are not produced = no metabolic acidosis

Bicarbonate buffer system is not depleted

Causes: Infection, or other stress such as exogenous steroid use,
stroke and M.

The fluid deficit is usually much more profound than in DKA
Mortality is much higher than in DKA

vii. Hypoglycemia
1. Causes
a. excess ininsulin levels
b. adverse effect of oral hypoglycemic
c. Infection
d. Liver failure (as glucose cannot be utilized from glycogen stores)
e. Alcoholics (inadequate diet)
2. Symptoms
a. Headache
b. Dizziness
c. Extreme fatigue
d. Seizures
e. Coma.
f. Hunger.
g. Shakiness, Tachycardia, Sweating (autonomic nervous system
activated)
i. Patients on beta blocker may not show these symptoms!
3. Treatment
a. Glucose replacement with juice or oral glucose gel, paste or tabs
if the patient can tolerate PO
b. IV dextrose
c. IM glucagon
h. ANION GAP
i. Helps identify causes of metabolic acidosis.
ii. Calculation: Na*— (CI'— HCO3)
iii. Normal value =12
iv. Causes
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M — methanol

U —uremia

D — diabetic ketoacidosis/alcoholic ketoacidosis
P — propylene glycol

| — isoniazide/iron

L — lactic acidosis

E — ethylene glycol

8. S-—salicylates (aspirin overdose)

NouhkwnNeE

V. Symptoms
1. Weakness, confusion, loss of consciousness and coma
2. Shortness of breath
3. Tachycardia, arrhythmias
4. Nausea, vomiting and diarrhea
i. CALCIUM
i. 80% of all calcium is bound to albumin in circulation.
ii. lonized (free) calcium is the biologically active form
iii. Calcium plays many important biological functions, including building strong
bones and teeth, clotting of blood, Sending and receiving nerve signals, muscle
contraction and relaxation, cardiac contraction and in the release of many
hormones from both the anterior and posterior pituitary in the brain.
iv. Normal level is around 10 mg/dL.
v. As blood calcium levels fall 2 Parathyroid gland PTH
1. Kidney - directly stimulate Calcium uptake in the kidney
2. Kidney —> activates Vitamin D - increased calcium uptake by the
intestines
3. Bones = stimulates calcium reabsorption from calcium stores in bones
vi. Hypercalcemia
1. Causes
a. Hyperparathyroidism (excess PTH)
b. Excessive Vitamin D intake
c. Thiazide diuretic use (calcium sparing in the kidney)
d. Adrenal insufficiency
e. Certain types of cancers (multiple myeloma)
f.  Milk-alkali syndrome (tums ingestion)
2. Symptoms
a. “stones, bones, groans and psychiatric overtones.”
b. Kidney stones and kidney disease
c. Bone loss — from Ca reabsorption and bone remodeling
d. Psychiatric disturbances and abdominal pain
3. Treatment
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a. IV fluids to flush calcium through the kidneys
b. 1V Lasix - a loop diuretic causing calcium wasting at the kidney
vii. Hypocalcemia
1. lonized calcium levels below 4.6 mg/dL.
2. Causes
a. Underactive parathyroid gland
b. Vitamin D deficiency
c. Renal failure
d. Any disease process that causes calcium sequestration such as
pancreatitis.
3. Symptoms
a. Muscle spasms
b. Convulsions
c. Tetany
d. Cardiac arrhythmias.
e. EKG changes: prolongation of the QT interval.
4. Treatment
a. Replace calcium.
b. Calcium gluconate or calcium chloride IV.
c. Caution should be given to patients on Digoxin receiving IV
calcium, specifically calcium gluconate, as there is a theoretical
risk of causing calcium influx into myocardial cells resulting in a
phenomenon known as “stone heart” resulting in malignant
dysrhythmias.
E. PT/INR
a. Prothrombin Time (PT)
i. Evaluates the coagulation factors 1, 2, 5, 7 and 10.
ii. Prolonged in: liver disease, vitamin K deficiency or a coagulation factor
deficiency.
iii. Decreased in: patients with high vitamin K intake, oral contraceptive use and in
patients on hormone replacement therapy.
b. International Normalized Ratio (INR)
i. A calculated value based on the Prothrombin time
ii. We use this calculated value clinically to measure the therapeutic effects of the
anticoagulant medication Warfarin (Coumadin).
iii. <1.2: Normalin a patient not on Warfarin
iv. 2-3: Therapeutic range for patients with nonvalvular a-fib on Warfarin
v. 2.5-3.5:Therapeutic range for patients with mechanical heart valves on Warfarin
vi. Elevated INR
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1. A patient with a supratherapeutic INR is a concern, as they are at a
significantly increased risk for major bleeding event.

2. INR < 10 and there is no signs of bleeding, treatment typically includes
holding the patients Coumadin and restarting it when the INR falls to
therapeutic levels.

3. INR > 10 regardless of bleeding, the Coumadin should be reversed with
oral Vitamin K, which serves as a cofactor for the coagulation factors
previously listed.

4. Any sign of major bleeding should be treated more aggressively with IV
Vitamin K PLUS either fresh frozen plasma or Prothrombin Complex
Concentrate.

F. Cardiac Injury Profile (Troponin I, CK-MB, and other CK isoforms)
a. The enzymes are released into circulation as a result of injury to cardiac myocytes.
b. CKand CK-MB
i. Are not specific to cardiac muscles, but also found in skeletal muscle.
ii. Therefore, an elevation of these do not necessarily mean the cardiac myocytes
are injured.
iii. Blood levels tend to peak earlier than Troponin in cardiac injury, but also
normalize rather rapidly.
iv. Therefore, a patient who has a repeat coronary event with elevated CK isoforms
should help with diagnosis
c. Troponin |
i. Is specific to cardiac cells.
ii. Typically takes up to 6 hours to show up in the blood after cellular injury, which
is why these labs are often repeated several times in the emergency department.
iii. Troponin goes up after several hours but stays elevated for days

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Lesson Plan: Chest Tube Management

West Michigan Regional Medical Consortium

Topic: Chest Tube Management

Presenter: Nicholas McManus, DO FAAEM

Location: https://wmrmecc.thinkific.com/courses/chest-tube-management
Credit Category: Airway

License Level: Paramedic

Credits: 0.5

Format: 0.5-hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive
1. Explain Chest Tube Physiology
Identify Chest Tube Dressings
Identify Subcutaneous Emphysema
Explain Chest Tube Drainage Units
Identify Chest Drainage Unit Setup and Maintenance

vk wN

Psychomotor
None

Affective
None

Outline for Presentation:
1. Introductions and Overview of Course
Chest Tube Physiology
Chest Tube Dressings
Chest Drainage Unit
Summary and Questions

ukhwN

Student Evaluation Method: Students will complete a quiz at the end of the lesson and will have to achieve an
80% or better to receive credit for the course.

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Lesson Plan: Cyanide Poisoning

West Michigan Regional Medical Consortium

Topic: Cyanide Poisoning

Presenter: Dr. Todd Chasse MD FACEP, Toxicologist Brian Judge MD, FACMT
Location: https://wmrmecc.thinkific.com/courses/cyanide-poisoning

Credit Category: Operations: Emergency Preparedness

License Level: MFR, EMT-B, AEMT, MEDIC

Credits: 0.5

Format: 0.5-hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

Cognitive
1. Understand Cyanide Poisoning Physiology
2. Identify symptoms of Cyanide Poisoning
3. Understand Treatment of Cyanide Poisoning
4. Identify Pre-hospital care for Cyanide Poisoning

Psychomotor
None

Affective
None

Outline for Presentation:
1. Introductions and Overview of Course

2. Cyanide Poisoning/Toxicity Physiology

3. Symptoms of Cyanide Poisoning/Toxicity
4. Treatment

5. Summary

Student Evaluation Method: None

Evaluation of Presentation: Continuing Education Program Sponsor Evaluation Form will be filled out by all
participants.
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Lesson Plan: General Pharmacology

West Michigan Regional Medical Consortium

Topic: General Pharmacology

Presenter: Nicholas McManus, DO FAAEM

Location: https://wmrmecc.thinkific.com/courses/general-pharmacology
Credit Category: Preparatory

License Level: PARAMEDIC

Credits: 1

Format: 1 hour lecture

Objectives: Upon completion of this CE, the participants will be able to:

A. Introduction
a. Pharmacology: The science of drugs as it deals with the interactions of exogenously
administered chemical molecule (drugs) with living system.
b. Father of Pharmacology: Oswald Schmiedeberg
¢. Two main divisions
i. Pharmacokinetics: what the body does to the drug
ii. Pharmacodynamics: what the drug does to the body
B. Pharmacokinetics
a. The quantitative study of drug movement in, through and out of the body.
b. Process:
i. Transportation > Absorption > Distribution-Storage > Free drug > Metabolism >
Receptor Binding (Effect) > Excretion
c. Biological membrane photo*
d. Transportation
i. Passive diffusion
1. Requires no energy and no carrier
2. Rapid for lipophilic, nonionic and small molecules
3. Slow for hydrophilic, ionic or large molecules
ii. Specialized transport (Aqueous channels)
1. No energy, No carrier
2. Small hydrophilic drugs (< 200 mw) diffuse along concentration gradient
by passing through aqueous channels (pores)
iii.  Facilitated diffusion
1. No energy but needs a carrier
2. Drugs bind to carrier by noncovalent mechanisms
3. Chemically similar drugs compete for carrier
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iv. Active transport
1. Needs energy and a carrier
2. Identical to facilitated diffusion, except that ATP powers drug transport
against concentration gradient.

e. Absorption
i. Movement of the drug from its site of administration into their circulation
ii. Factors that affect absorption

1. Drug-associated factors: ionization state, molecular weight, solubility,
formulation (solution vs tablet)
a. Small, nonionized, lipid-soluble drugs permeate plasma
membranes most readily
2. Patient-associated factors: depend on route of administration.
a. Presence of food in the Gl tract, stomach acidity and blood flow
to Gl tract influence absorption.

f. Bioavailability
i. The fraction of the drug that reaches to systemic circulation from a given dose
in an unchanged form
ii. Aterm typically used for medications given via oral route
iii. 1V route gives 100% bioavailability as it directly enters the circulation
iv. Bioequivalent:
1. Two formulation of the same drug having equal bioavailability
v. Bioinequivalent:
1. If formation differ in their bioavailability
g. Distribution
i. Once a drug has gained access to the bloodstream, it gets distributed to other
tissue that initially had no drug. Concentration gradient being in the direction of
plasma to tissue.
ii. Factors affecting drug distribution:
1. Membrane permeability
a. Ex. Benzodiazepines are very lipophilic, and readily cross the
gut, capillary wall and blood-brain barrier
b. Ex. Some antibiotics cannot cross the blood-brain barrier
Blood-brain barrier, Blood-testes barrier, Blood-placenta barrier
(prevents fetal exposure to some drugs).
2. Depot storage of lipophilic drugs
a. Ex. sedative thiopental accumulates in fat, released slowly from
fat stores. So, an obese person may stay sedated for a longer
period of time than a skinny person
b. Ex. Tetracycline, an antibiotic, accumulates in bones and teeth.
Lipid solubility (various barriers)
lonization at physiologic pH
5. Extent of binding to plasma and tissue protein
a. Ex. Albumin —reduces the amount of "free" drug in the blood
6. Presence of tissue specific transporter
7. Difference in the regional blood flow
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8. First pass metabolism
a. blood from Gl tract passes through the liver before entering any
other organs. A fraction of the drug (in some cases, nearly all)
can be metabolized to an inactive or less active derivative.
iii. Movement of the drug proceeds until an equilibrium is established between
unbound drug in plasma and tissue fluids.
h. Metabolism (Biotransformation)
i. It means chemical alteration of the drug in the body.
ii. Primary sites of drug metabolism is the liver
iii. Others are the kidney, intestine, lungs and plasma.
iv. Biotransformation of drug may lead to the following:
1. Inactivation
2. Active metabolite from an active drug
3. Activation of inactive drug (prodrug)

i. Excretion
i. The removal of the drug and its metabolite from the body
ii. Drugs and their metabolites are excreted in:

1. Urine

2. Feces

3. Exhaled air

4. Saliva and sweat
5. Milk

j. Half-Life (t1/z)

i. The length of time required for a given blood level to decline by 50%
k. Influence of dosing regimen on plasma drug levels

i. Single Dose (See figure)

1. Plasma concentration of drug rises as the drug distributes to the
bloodstream, then falls as the drug is distributed to tissues, metabolized
and excreted

2. Distribution half-life (ti.a): reflects the rapid decline in plasma drug
concentration as a dose of a drug is distributed throughout the body.

3. Drugs administered orally reach a peak plasma concentration at a later
time than drugs administered IV.

ii. Continuous Infusion (See figure)

1. Steady state (equilibrium) plasma drug concentration is reach after
continuous infusion for 4-5 half lives

2. Increasing the rate of infusion will NOT decrease the time needed to
reach steady state.

3. Increasing the rate of infusion WILL, however, increase the plasma drug
concentration at steady state.

iii. Intermittent Dose (See figure)

1. A drug must be administered for 4-5 half-lives before steady state
(equilibrium) is reached.

2. Peaks: high points of fluctuation. Toxic effects are most likely to occur
here
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3. Troughs: low points of fluctuation. Lack of drug effect most likely to
occur here.
C. Pharmacodynamics
a. The study of drug effects
b. It attempts to elucidate the complete action-effect sequence and dose-effect
relationship.
c. Principles of drug action:
i. Drugs do not impart new function to any system, organ or cell they only alter
the pace of ongoing activity.
ii. Types of drug action:
1. Stimulation
2. Depression
3. lrritation
4. Replacement
5. Cytotoxic action
d. Mechanism of drug action
i. Majority of the drugs produce their effect by interacting with a discrete target
biomolecule
ii. There are four major target of drug:
1. Enzymes
2. lon-channel
3. Transporters
4. Receptors
a. Generally, proteins or glycoproteins that are on the cell surface,
on an organelle within the cell or in the cytoplasm.

D. Drug
a. According to the WHO: Drug is any substance or product that is used or is intended to
be used to modify or explore physiological system or pathological states for the benefits
of the recipient.
E. Various physiochemical properties of drugs
Lipid and water solubility
Molecular size
Particle size
Degree of ionization
Physical forms
Chemical nature
Dosage form
Formulation
Concentration
j.  Shape
F. Drug receptor interaction
a. Receptors are specific protein and have specificity and selectivity
b. No drug is truly specific, but many have a relatively selective action on one type of
receptor
c. Drug + receptor --> Drug — receptor complex --> response

d. Definitions:

o
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i. Affinity: The strength of binding between a drug and its receptor
ii. Intrinsic activity: The ability of the drug to produce a pharmacological action
after combining with the receptor.
iii. Agonist: A drug that is capable of producing pharmacological action after
binding to the receptor.
1. Strong Agonist: An agonist which causes maximal effects, even though
it may only occupy a small fraction of receptors on a cell.
2. Weak Agonist: An agonist which must be bound to many more
receptors than a strong agonist to produce the same effect.
3. Partial Agonist: A drug which fails to produce maximal effects, even
when all the receptors are occupied.
iv. Antagonist: Drugs that bind to receptor, but are not capable of producing
pharmacological action. These produce receptor blockade.
1. Competitive Antagonist: Compete with agonists for receptors.
a. Surmountable as large amounts of agonists can overcome this
2. Noncompetitive Antagonist: Bind to a site other than the agonist-
binding domain. Induces a conformational change in the receptor such
that the agonist no longer "recognizes" the agonist-binding domain.
a. Insurmountable in that larger amounts of agonists cannot
overcome this antagonism
3. Irreversible Antagonist: Compete with agonist for the agonist-binding
domain, but the binding is permanent. Cannot be "reclaimed" by an
agonist.
4. Physiological Antagonism: Two agonists, in unrelated reactions, cause
opposite effects and cancel each other out.
5. Antagonism by neutralization: Two drugs bind to one another, and
become inactive.
G. Drug Interactions
a. Addition
i. The response elicited by combined drugs is EQUAL TO the combined responses
of the individual drugs (Mathematical Model: 1+1=2)
b. Synergism
i. The response elicited by combined drugs is GREATER THAN the combined
responses of the individual drugs (Mathematical Model: 1+1=3)
c. Potentiation
i. A drug which has no effect enhances the effect of a second drug (Mathematical
Model: 0+1=2)
d. Antagonism
i. Drug inhibits the effect of another drug. Usually, the antagonist has no inherent
activity (1+1=0)
H. Routes of drug administration
a. Parenteral = "around the Gl tract"
b. Intravenous
i. Rapid onset
ii. Insoluble drugs cannot be administered IV
c. Intramuscular
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i. Rate of absorption depends on formulation
1. Oil based = absorb slowly
2. Aqueous preparations = absorb rapidly
d. Subcutaneous
i. Absorption can be controlled by drug formulation
e. Topical
i. local effect (good for meds that have systemic toxic effects)
f. Inhalation
i. rapid and targeted
g. PerOs (PO)
i. Most compatible with drugs that are self-administered
ii. Must be able to withstand the acidic environment for the stomach and must
permeate the gut lining before entering the blood-stream.
iii. Absorption affected by gastric emptying and intestinal motility
iv. portal circulation --> liver --> first pass metabolism
h. Rectal
i. 50% first pass
ii. Absorption is unreliable
iii. Useful for unconscious, vomiting or small children
i. Sublingual
i. Rapid absorption
ii. nofirst pass
j.  Intrathecal
i. Intothe CSF
k. Transdermal
i. sustained effect
I. Tolerance, Dependence and Withdrawal
a. Tolerance:
i. Represents a decreased response to a drug.
ii. Clinically seen when the dose of a drug must be increased to achieve the same
effect.
iii. Metabolic — drug metabolized more rapidly after chronic use
iv. Cellular — Decreased in number of drug receptors (downregulation)
v. Behavioral —an alcoholic learns to hide the signs of drinking to avoid being
caught by his colleagues
b. Dependence
i. Occurs when a patient needs a drug to "function normally"
ii. Clinically, it is detected when cessation of a drug produces withdrawal
symptoms.
c. Withdrawal
i. Occurs when a drug is no longer administered to a dependent patient.
ii. Symptoms are often opposite the effect achieved by the drug.
iii. Ex:severe hypertension in a patient after cessation of antihypertensive meds
d. Cross tolerance/Cross Dependence
i. Occurs when tolerance or dependence develop to different drugs which are
chemically or mechanistically related.
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ii. Ex: Methadone relieves the symptoms of heroin withdrawal because patients
develop cross dependence to these two drugs.

1. Part 2 - Medications Objectives
a. Understand basic drug mechanisms by class
b. Understand bioavailability, absorption
2. Critical Care Drugs
a. Cardiovascular Drugs
i. Anti-arrhythmics
1. Use: Treatment and cardioversion of Atrial Fibrillation or Atrial Flutter
Treatment and prophylaxis of refractory Ventricular Tachycardia
2. Adverse Effects: Hypotension, QT prolongation, Torsades, Ventricular
Tachycardia AV Block
3. Dosing:
a. Magnesium Sulfate
i. Bolus: 1-2 grams over 5 minutes Infusion: 6-12 grams
over 24 hours
4. Special Considerations:
a. Use infusion pump for drips.
b. May not be compatible with heparin, lidocaine, amiodarone or
bicarb
c. Frequent BP checks for hypotension
d. Increased risk for ventricular dysrhythmias if on certain
antihistamines or anti-nausea medications
ii. Beta Blocker
1. Uses: Slow ventricular response in SVT, Atrial Fibrillation and Atrial
Flutter Slow sinus node rate
2. Adverse Effects: Hypotension, bradycardia, Hypoglycemia (diabetics on
medications); usual signs and symptoms are masked, Bronchospasm,
Sinus node arrest
3. Dosing:
a. Atenolol (Tenormin)
i. Infuse: 5 mg over 5 minutes
May be repeated in 10 minutes
b. Esmolol (Brevibloc)
i. Bolus: 500 mcg/kg (0.5 mg/kg) over one minute
Infusion: 50 mcg/kg/minute for 4 minutes

ii. If inadequate response, repeat bolus and increase drip
rate by
50 mecg/kg/minute up to 3 times (total dose of 2000 mcg
bolus and infusion @ 200 mcg/kg/minute)

iii. Drug comes in a 100 mg (10 mg/ml) vial or 2500 mg
ampule into 250 ml (10 mg/ml) or 500 ml (5 mg/ml) NS
or D5SW

c. Labetalol (Normodyne)
i. Infusion: 2 mg/minute (concentration 1mg/ml; 2ml/min)
duration from 25 minutes to 2.5 hours
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d. Metoprolol (Lopressor)
i. Inject: 2.5 mg IV slow push over 2 minutes May repeat
dose up to 5 every 5 minutes for a total dose of 15 mg
e. Sotolol (Betapace)
i. Bolus: 1-1.5 mg/kg; followed by
ii. Infusion: 0.008 mg/kg/minute = 8 mecg/kg/min
4. Special Considerations:
a. Use infusion pump
b. Check BP frequently; monitor heart rate
c. Carefully monitor for hypotension, excessive bradycardia or new
AV blocks
d. Patient with DIABETES may have symptoms of hypoglycemia
masked; watch carefully for mental status changes
e. Contact MC if develop adverse reaction
iii. Anti-Hypertensives

1. Uses: Short term parenteral treatment when oral treatment is not feasible
Nitroprusside may be used in CHF to reduce both preload and afterload
(reduces work of the heart)

2. Adverse Effects: Hypotension, bradycardia, dysrhythmias, Palpitations,
flushing, angina, Headache, restlessness, drowsiness, confusion or
slurred speech

3. Dosing:

a. Hydralazine
i. Inject: 5- 40 mg IV push over 1-2 minutes
Usually given as repeat bolus doses every 20-30 min
ii. Rarely given as drip: 1-10 mg/hour
b. Nicardipene (Cardene)
i. Dilute to: 0.1 mg/ml
Infusion: Start @ 50 ml/hr (5 mg/hr)
ii. May increase rate by 2.5 mg/hr every 15 minutes until
desired BP is reached for a maximum dose of 15 mg/hr
c. Nitroprusside
i. Infusion: Continuous to maintain BP
ii. See dosage chart below; amount listed is in ml/hr
ii. ADD NITROPRUSSIDE DOSING CHART
d. Nesiritide (Natrecor)
i. Inject: 2 mcg/kg IV push over 60 seconds Infusion: 0.01
mcg/kg/min maintenance infusion
4. Special Considerations:
a. Use infusion pump
b. Dedicated IV line-should not administer in same IV line as other
meds

5. Nicardipene:

a. If hypotensive (BP<60) or tachycardic (HR>140), discontinue
drip.
May resume when stable @ 3-5 mg/hr
Infusion site must be changed after 12 hours
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d. Use with caution in patients with liver failure, since it is
metabolized in the liver.
e. May be contraindicated in severe Aortic Stenosis as may
decrease preload.
6. Nitroprusside:
a. Small boluses or slight increases in infusion rate may produce
profound hypotension
Solution must be wrapped in foil to protect it from light
Do not mix other medications in the same line
Check BP and heart rate every 5 minutes
e. Hypotension can be alleviated by decreasing the infusion rate
7. Nesiritide:
a. Caution in pregnant or lactating patients
b. Contact MC for worsening signs/symptoms, significant BP
change or if BP<90
iv. Calcium Channel Blockers
1. Uses: Ventricular Rate Control in A Fib, Atrial Flutter, MAT or SVT
2. Adverse Effects: May cause Atrial Flutter, AV Block, Bradycardia,
Chest Pain, CHF, Ventricular Arrhythmias, nausea/vomiting, dyspnea
or hypotension
3. Dosing:
a. Diltiazem (Cardizem)
i. Bolus: 0.25 mg/kg over 2 minutes (20 mg for average
patient) If needed may repeat bolus in 15 minutes @
0.35 mg/kg (25 mg in the average patient) over 2 — 5
minutes
il. Infusion: Dilute 125 mg (25ml) in 100 ml NS/D5W
Drip @ 5 — 15 mg/hour titrated to heart rate

oo o

b. Nicardipene (Cardene)
i. Dilute to: 0.1 mg/ml
ii. Infusion: Start @ 50 ml/hr (5 mg/hr) May increase
rate by 2.5 mg/hr every 15 minutes until desired BP is
reached for a maximum dose of 15 mg/hr
4. Special Considerations:
a. Carefully monitor for hypotension/excessive bradycardia/ new
A/V block
b. PVC’s can occur with conversion to NSR
c. Don’t use in the presence of a WIDE COMPLEX
TACHYCARDIA
v. Glycoprotein lIb/llla Inhibitors
1. Use: Unstable Angina Non Q-wave MI Percutaneous Coronary
Intervention
2. Adverse Effects: Bleeding (usually at cath sites) possible allergic
reactions to ReoPro
3. Dosing:
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a. Abciximab (ReoPro)
i. Loading bolus: 0.25 mg/kg over 10-60 minutes
ii. Maintenance infusion: 0.125 mcg/kg/min for 12
hours following PCl or 18-24 hours for unstable
angina
iii. Should be administered through a 0.2 or 0.22 micron
filter
iv. Drip rates will vary depending on concentration that
was mixed.
v. Verify drip rates/dosage calculations with the
transferring facility staff prior to transport.
b. Tirofiban (Aggrastat)
i. Loading infusion: 0.4 mcg/kg/min for 30 minutes
ii. Maintenance infusion: 0.1 mcg/kg/min
iii. Rate will be halved for patients with renal
insufficiency.
c. Eftifibatide (Integrilin)
i. Loading bolus: 180 mcg/kg over 1-2 minutes
ii. Maintenance infusion: 2 mcg/kg/min up to 72 hours
4. Special Considerations:
a. Use infusion pump
b. Should always be given WITH heparin
c. If bleeding occurs, need to turn off heparin as well as the
GPlIb/llla drug.
d. All settings on this medication are to be determined by the
ordering physician.
i Heparin gtt
a. Uses: Prevents blood clotting, especially in the following situations:
Acute MI, Pulmonary Embolus, Deep Vein Thrombosis
b. Adverse Effects: Hemorrhage from various sites including needle
sticks, Gl tract, CNS bleeds
c. Dosing:
i. Bolus: 15-18mg/kg
ii. Infusion: 800-1600 mg/hour
iii. Infusion rates may be outside this range and should not
require adjustment during transport
d. Special Considerations:
i. Use infusion pump
ii. D/Cimmediately for onset of major bleeding or acute
mental status change
iii. Contact MC for any bleeding such as IV sites or gums
ii. Inotropes
a. Uses: Short term intravenous treatment of patients with acute
decompensated heart failure Severe CHF/Cardiogenic Shock To
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increase cardiac output by increasing myocardial contractility and
stroke volume Hemodynamically significant hypotension not
resulting from hypovolemia
b. Adverse Effects: May develop hypokalemia resulting from
increased cardiac output and/or diuresis. May have tachycardia,
ventricular dysrhythmias or ectopy, hypertension, angina or
ischemic chest pain. Dobutamine may also cause hypotension.
Dopamine may cause nervousness, headache, palpitations,
dyspnea, nausea or vomiting
c. Dosing:
i. Inamrinone (Inocor):
1. Loading dose over 2-3 minutes: 0.75 mcg/kg
2. Maintenance infusion: 5-10 mcg/kg/min
ii. Milrinone (Primacor)
1. Loading dose over 10 minutes: 50 mcg/kg
2. Maintenance infusion: See dosing chart
iii. Dobutamine
1. Infusion: 2.5-20 mcg/kg/min continuous
2. Onset may be 10 minutes
iv. Dopamine
1. Infusion: 1-20 mcg/kg/min continuous
2. Onset may be 10 minutes
v. Epinephrine
1. Infusion: 1-10 mcg/min titrated to effect
vi. Norepinephrine (Levophed)
1. Infusion: 0.5-1.0 mcg/min; titrated up to 30 mcg/min
d. Special Considerations
i. Use infusion pump
ii. For Inamrinone/Milrinone: do not mix with Lasix or
dextrose-containing solutions
iii. Monitor for cardiac dysrhythmias; these may be caused by
hypokalemia, pre-existing arrhythmias, abnormal drug
levels, catheter placement, etc.
iv. Check blood pressure and heart rate frequently.
v. Discontinue briefly if develop hypotension secondary to
vasodilatation.
vi. Contact MC for any adverse affects
iii. Thrombolytic Therapy
a. Uses: Dissolves clots in blood vessels Generally used in the setting
of Acute Ml or CVA; occasionally used Pulmonary Embolus
b. Adverse Effects: Minor hemorrhages from IV sites and gums
Major hemorrhage from Gl and intracranial or spinal sites
Reperfusion dysrhythmias often occur about 30-60 minutes after
staring infusion.
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5. Dosing:
a. tPA
i. Dose to be determined by transferring physician
ii. Rate should not require adjusting en route
6. Special Considerations:
a. Use infusion pump
Monitor heart rhythm
Check BP and HR frequently
Do not mix with other medications in the same line
D/C infusion immediately if there is cardiac arrest, major
hemorrhage, anaphylaxis or change in mental status AND call
MC.
b. Sedation and Paralytic Agents
i. Benzodiazepine gtt
1. Uses: Sedation for patients who are intubated (and often
concurrently on a paralytic drip) May be used to treat Status
Epilepticus
2. Adverse Effects: May be more prone to hypotension if used with an
opioid drug Can cause paradoxical agitation, hypertension or
tachycardia
3. Dosing:
a. Lorazepam (Ativan):
i. Loading dose: 0.5-4.0 mg IV bolus; may be repeated
in 10 min
ii. Infusion: 0.02-0.1 mg/kg/hour
b. Midazolam (Versed):
i. Loading dose: 0.01-0.1 mg/kg IV bolus
ii. Infusion 0.02-0.1 mg/kg/hour
4. Special Considerations:
a. Onlyto be used in intubated patients
ii. Moderate Sedation Agents
1. Uses: Sedation for patients who are intubated (and often
concurrently on a paralytic drip) May also be used for refractory
seizures or therapeutic coma
2. Adverse Effects: May be more prone to hypotension if used with an
opioid drug. Can cause paradoxical agitation, hypertension or
tachycardia
3. Dosing:
a. Propofol:
i. Loading dose: 0.5-5 mg/kg
ii. Maintenance infusion: 2-10 mg/kg/hour
b. Barbiturates: Pentobarbital is most commonly used
i. Loading dose: 10 mg/kg; infuse up to 25 mg/min
ii. Maintenance: 1-2 mg/kg/hour

® a0 o
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c. Ketamine:
i. Loading dose: 1-5 mg/kg
ii. Maintenance infusion: 0.01-0.05 mg/kg/hour
4. Special Considerations:
a. Onlyto be used in intubated patients
iii. Opioid gtt
1. Uses: Typically part of a sedation combination for patients who are
intubated. Occasionally for pain control
2. Adverse Effects: May cause hypotension, especially in volume
depleted patients or those with right-sided heart failure
3. Dosing:
a. Morphine
i. Bolus:0.5-10 mg
ii. Infusion: 2-30 mg/hr
b. Fentanyl
i. Bolus: 1-3 mcg/kg
ii. Infusion: 25-250 mcg/hr
4. Special Considerations:
a. Not advisable to give patients on narcotic drips Naloxone, as
this may precipitate acute withdrawal
b. Antihistamines (both H1 and H2) may counteract
hypotension.
iv. Paralytic Agents
1. Uses: Total muscular paralysis when patient movement may:
a. Compromise airway control (e.g. causing unwanted
extubation)
b. Exacerbate a real or potential illness or injury (e.g. spinal cord
injury from a spine fracture)
c. Endanger the patient, EMS care provider or others
2. Adverse Effects: Bronchospasm, flushing, hypotension and
tachycardia have been rarely reported
3. Dosing:
a. Pancuronium:
i. Loading dose: 10 mg/kg
ii. May repeat dose every 1-2 hours as needed
b. Vecuronium:
i. Initial dose: 10 mg IV push
ii. Repeat dose of 10 mg IV push every 20-40 minutes as
needed
iii. Maintenance infusion may be an alternative:
0.01mg/kg/min
c. Rocuronium:
i. Loading dose 0.6 mg/kg
ii. May rebolus 0.2 mg/kg every 30-45 minutes
iii. Maintenance infusion may be an alternative: 0.01—
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0.15 g/kg/min
4. Special Considerations:
a. Produces COMPLETE APNEA; therefore an intact airway
(e.g. endotracheal intubation), and adequate
ventilation/oxygenation MUST BE ESTABLISHED PRIOR
TO ADMINISTRATION. Likewise, personnel and
equipment with the ability to restore an airway, ventilation
and oxygenation must be available during transport.
b. Causes paralysis only; therefore concomitant use of a
sedative/hypnotic is indicated
c. Note: Paralysis may alter the clinical exam. For example,
motor seizure activity will not be seen, but the brain will
continue to undergo seizure activity, and this must be treated!
Also, conditions such as shock, hypoxia, pain, intracranial
injury, hypoglycemia, etc. maybe the cause of this unwanted,
spontaneous patient movement in the first place. These
conditions must be addressed but may be masked by the
paralytic agent!
c. CNS Drugs
i. Anticonvulsants
1. Uses: Prevention and treatment of seizures
2. Adverse Effects:
a. If intravenous phenytoin is given too rapidly, may result in:
1. Cardiac dysrhythmias including ventricular fibrillation
or asystole
ii. Hypotension
b. Subcutaneous extravasations of intravenous phenytoin may
cause tissue necrosis or pain at the IV site
3. Deosing:
a. Phenytoin:
1. 100-1200mg IV piggyback in normal saline;
ii. Rate not to exceed 50 mg/min
b. Fosphenytoin: dose expressed in phenytoin equivalents (PE)
i. 15-20 PE/kg; rate up to 100-150 PE/min
c. Valproic Acid:
i. 40-60 mg/kg Rate up to 3 mg/kg/min
d. Phenobarbital:
1. 5-15 mg/kg IV, then 0.5-10 mg/kg/hour
4. Special Considerations:
a. Use infusion pump
b. Monitor heart rhythm
c. Check BP frequently; vital sign monitor recommended
d. D/C infusion and contact MC for any adverse effects
ii. Mannitol
1. Uses: Treatment of increased intracranial pressure or selected fluid
overload states
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2. Adverse Effects: Hypernatremia, Volume Depletion
3. Dosing:
a. 25-50 grams IV push or bolus infusion (in 50cc D5W over 20
minutes)
4. Special Considerations:
a. Patients receiving mannitol should have a Foley to monitor fluid
status
1ii.  Steroids
1. Uses: Spinal cord injury to decrease edema. Cerebral edema due to
injury or CNS mass or lesion
2. Adverse Effects: GI Bleed, Electrolyte disturbance and hyperglycemia,
Hypertension, Acute CHF, Agitation, Corticosteroid hormonal
suppression (hypoglycemia, hypotension, hypothermia), Higher risk for
infection or masking symptoms of infection
3. Dosing:
a. Methylprednisolone (Solumedrol):
1. Initial bolus: 30 mg/kg over 15 minutes
ii. Start infusion 45 minutes later: 5.4 mg/kg/hour for 23
hours
b. Dexamethasone (Decadron):
1. Cerebral Edema: start with 10 mg IV x 1, then 4 mg
IM/IV q 6 hrs
4. Special Considerations:
a. Contact MC for question of adverse effects
d. HAL/TPN, Insulin and Electolytes
i. Hyperalimentation/TPN
1. Uses: Intravenous nutrition
2. Adverse Effects: Catheter related sepsis, Air embolism if central venous
IV tubing becomes disconnected, Subcutaneous extravasations of
solution can cause tissue necrosis Discontinuation of infusion may cause
hypoglycemia
3. Dosage: Continuous infusion usually through central venous catheter
but occasionally through a peripheral IV line. Rate should not require
adjustment enroute.
4. Special Considerations:
a. Use infusion pump.
b. Do not administer any other medication through the same IV
line.
c. Contact MC for any adverse effects listed above
d. Consider use of a cardiac monitor
ii. Insulin gtt
1. Uses: Lowers blood glucose. Used in diabetics especially with
ketoacidosis or hyperosmolar nonketonic coma.
2. Adverse Effects: Hypoglycemia related (tachycardia, diaphoresis,
mental status changes, and seizures)
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3. Dosage: 5-15 units per hour but dosages outside this range may be
used.
4. Special Considerations:
a. Use infusion pump
b. Do not administer medications in the same IV line except D50.
c. If symptoms of hypoglycemia develop:
i. turn off infusion, perform a D-Stick, administer 25
grams, (one AMP) D50) if glucose <80 and contact MC.
ii. Monitor blood sugar every 30 minutes during transport
iii. Cardiac monitoring required
iii. Potassium Chloride
1. Uses: Replacement therapy for hypokalemia
2. Adverse Effects: Cardiac dysrhythmias (prolonged PR interval; wide QRS
complex; depressed ST segment; tall, peaked T-waves; heart block;
cardiac arrest). Subcutaneous extravasations of solution can cause
tissue necrosis
3. Dosage:
a. Usual range is up to 20 mEq / hr., continuous infusion.
b. May be mixed with various IV solutions in various sized bags
including “piggy back” solutions.
c. Rate should not require adjustment en route.
4. Special Considerations:
a. Monitor heart rhythm
b. Often causes burning during infusion; contact MC if this is
problematic
c. Contact MC for changes in EKG configuration and/or
dysrhythmias.
e. Obstetric Drugs
i. Magnesium Sulfate
1. Uses: Treatment of pre-eclampsia and eclamptic seizures. Premature
rupture of membranes
2. Adverse Effects: Lethargy, nausea, vomiting, hypotonia, respiratory
depression, dysrhythmia
3. Dosing:
a. Loading dose: 2 — 6 grams IV over 15 minutes (may give 2 gms
over 5 minutes)
b. Followed by maintenance infusion: 1 —2 gms/hr
4. Special Considerations:
a. Monitor reflexes
b. For symptomatic toxicity: 10 mLs of 10% Calcium Chloride
and contact MC
c. MC may also request furosemide and/or NS bolus as MCO
d. Inrenal failure, patient may require emergency dialysis
ii. Oxytocin (Pitocin)
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a. Uses: Stimulates post-partum contraction of the uterus to
control bleeding
b. Adverse Effects: Hypertension, tachycardia, dysrhythmias
Dosing: 10-40 units added to 1000 mL IV Fluid to control
hemorrhage. Usual rate is 10-20 milliunits/min
d. Special Considerations:
i. Use infusion pump
ii. Monitor heart rhythm
iii. Check BP frequently; vital sigh monitor recommended
v. Contact MC for any adverse effects

f.  Antimicrobial Therapy
i. Antibiotics and Antiviral

1. Uses: Bacterial or Viral infections (treatment and prophylaxis)

2. Adverse Effects: Allergic signs and symptoms, including anaphylaxis

3. Dosage: Vary depending on the antibiotic. Generally given as a
“piggyback” solution. Rate should not require adjustment en route

4. Special Consideration: D/C infusions if there are any allergic signs or
symptoms, then contact MC.

5. Most Commonly used:

a. Acylcovir

b. Azithromycin (Zithromax),

c. Cefazolin (Ancef)

d. Ceftriaxone (Rocephin)

e. Gentamicin

f. Levofloxacin (Levaquin)

g. Metronidazole (Flagyl)

h. Piperacillin/Tazobactam (Zosyn)
i.

Vancomycin
ii. Antifungal
1. Uses: Fungal infections. Often in immune-compromised patients, those
on chemotherapy or chronic antibiotics
2. Adverse Effects: Nausea or diarrhea. Amphotericin-fever, rigors, chills.
3. Dosing:
a. Amphotericin B, Azoles or “Fungins”:
i. Usually given as bolus dosing once daily to TID.
ii. May be given as continuous bladder irrigation: 50
mg/liter Over 24 hours @ 42 ml/hour

4. Special Considerations:

a. Drug interactions may occur with statins, coumadin, antivirals,
benzodiazepines, oral hypoglycemic drugs and transplant anti-
rejections drugs

b. Side effects can be pre-treated with Acetaminophen or
Diphenhydramine

g. Pain Control
i. Uses: Control of pain
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ii. Adverse Effects: May cause hypotension, especially in volume depleted patients
or those with right-sided heart failure Respiratory Depression
iii. Dosing:
1. Morphine:

a. Loading dose: 2 mg increments given every 5-10 minutes until
adequate pain control; typically max dose is 10 mg-may be
higher in patients on chronic pain therapy

b. Infusion: 1-10 mg/hour

2. Fentanyl:
a. Loading dose: 1-5 mcg/kg given IV push
b. Infusion: 1-5 mcg/kg/hour
3. Hydromorphone (Dilaudid):
a. Loading dose: 0.5-4 mg IV slow push
b. Continuous infusion: 1-10 mg/hour
iv. Special Considerations:
1. Avoid Naloxone as this could precipitate acute withdrawal
2. Pump malfunction could precipitate withdrawal
3. Antihistamines (both H1 and H2) may counteract hypotension; this is an
MC option

h. PCA pumps and subcutaneous pumps
i. Uses: Treatment for patients with palliative care or chronic pain conditions.
Often PO analgesia is not feasible
ii. Adverse Effects: Hypotension, Respiratory depression, Catheter site infection or
irritation
iii. Dosing:
1. PCA (Patient Controlled Analgesia) Pumps
a. Morphine, Fentanyl and Hydromorphone are most commonly
used.
b. Pre-programmed settings for patient
c. Patient may require assistance to “self-administer” medication
2. Subcutaneous Catheter Pumps
a. Morphine most commonly used.
b. Up to 2 mLsvolume at a time regardless of concentration
c. May also give IV fluids at a usual rate of 1-10 mLs/hour; MAX of
25 mLs/hr
iv. Special Considerations:
1. Encourage patient to use medication as needed
2. Avoid Naloxone as this could precipitate acute withdrawal
3. Pump malfunction could precipitate withdrawal
4. Subcutaneous catheter sites need to be changed every 7 days
i. Antidotes
i. N-Acetyl Cysteine/NAC (Mucomist)
1. Uses: Acetaminophen overdose-toxic quantities
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2. Adverse Effects: Anaphylactoid type reactions (urticaria, flushing,
hypotension and bronchospasm)
3. Dosing:

a. Loading dose: 150 mg/kg over 15-20 minutes

b. Maintenance infusion: 50 mg/kg over 4 hours

c. Then: 100 mg/kg over 16 hours

4. Special Considerations:

a. ldeal time of onset of treatment is within 8-10 hours of
ingestion

b. Anaphylactoid reactions may be treated with IV
diphenhydramine

c. Maintenance infusion must be doubled at the 4 hour period

ii. Cyanide Antidote Kit
1. Uses: Cyanokit is indicated for the treatment of known or suspected
cyanide poisoning.
2. Adverse Effects: Allergic reaction, HTN, Hematochezia
3. Deosing:

a. The starting dose: for adults: 5 g (i.e., both 2.5g vials)

b. Administered as an intravenous infusion over 15 minutes
(approximately 15 mL/min), i.e., 7.5 minutes/vial.

c. Depending upon the severity of the poisoning and the clinical
response, a second dose of 5 g may be administered by
intravenous infusion for a total dose of 10 g.

d. The rate of infusion for the second dose may range from 15
minutes (for patients in extremis) to two hours, as clinically
indicated.

4. Special Considerations:

a. Caution should be exercised when administering other
cyanide antidotes simultaneously with Cyanokit,

b. Ifa decision is made to administer another cyanide antidote
with Cyanokit, these drugs should not be administered
concurrently in the same intravenous line.

c. Comprehensive treatment of acute cyanide intoxication
requires support of vital functions.

d. Cyanokit should be administered in conjunction with
appropriate airway, ventilatory and circulatory support.

e. Once reconstituted, hydroxocobalamin is stable for up to 6
hours at temperatures not exceeding 40°C (104°F). Do not
freeze.

f. Any reconstituted product not used by 6 hours should be
discarded.

iii. Thiamine
1. Uses: Wernicke’s encephalopathy
2. Adverse Effects: Possible anaphylactic reactions
3. Dosing: 100 mg IV over 15-30 minutes
4. Special Considerations:
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a. Glucose administration in nutritionally depleted patients should
be accompanied by thiamine
i Bicarbonate gtt
a. Uses: Tricyclic, aspirin or other acidotic overdoses. Renal protection
after IV contrast or with sever e muscle breakdown (rhabdomyolysis)
b. Adverse Effects: Sodium load
Dosing: Titrated to urine pH >7 by hospital staff
d. Special Considerations:
i. Usually will have a Foley to check urine pH and output
ii. May be associated with hypokalemia
ii. Pyridoxine
a. Uses: Isoniazide (INH) Overdose
b. Adverse Effects: Gl upset Headache or sleepiness Tingling or burning
of hands/feet
c. Dosing: 5 grams IV over 3 — 5 minutes; repeat every 5-20 minutes
until seizures resolve
d. Special Considerations:
i. Often patient is in status epilepticus; seizures may respond to
benzodiazepines

o

i Glucagon
a. Uses: Beta-blocker reversal, Calcium Channel Blocker reversal,
hypoglycemia
b. Adverse Effects: Nausea and Vomiting, anaphylaxis, hypertension or
hypotension.
c. Dosing:
i. Bolus:3-10 mg IV
ii. Infusion: 1-10 mg/hr
d. Special Considerations:
i. Given with an antiemetic
ii. Intralipid
a. Uses: Beta-blocker, Calcium Channel blocker or other highly lipid
soluble overdose.
b. Adverse Effects: Hyperglycemia
c. Dosing:
i. Bolus: 1.5 mL/kg IV,
ii. Infusion: 0.25 mL/kg/min
d. Special Considerations:
i. Fat overload syndrome may result if given too rapidly. Usually
reversible upon discontinuation.
ii. Contraindicated if known allergy to egg or soybean proteins
j. Gl Drugs
i. Acid Reduction
1. Uses: Decrease secretion of gastric acid or chronic reflux. Patients with
UGI Bleed
2. Adverse Effects: (all rare). Occasional CNS symptoms-more so in the
elderly. Jaundice. Gl upset
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3. Dosing:
a. Pantoprazole (Protonix)
i. Bolus: 80 mg over 5 minutes
ii. Infusion: 8 mg/hr
b. Lansoprazole (Prevacid)
i. Bolus: 30 — 60 mg over 30 minutes
ii. Infusion: 6 mg/hr
c. Ranitidine (Zantac)
i. Bolus: 50 mg over 20 -30 minutes
ii. Infusion: 150 mg over 24 hours
4. Special Considerations:
a. May be used for antihistamine effects
Gl Bleed related medications
1. Uses: Variceal Upper Gl Bleed
2. Adverse Effects: Gall Bladder sludging or stones. Diarrhea and Gl Upset.
Hypoglycemia
3. Dosing:
a. Octreotide: 50 mcg IV bolus, then 50 mcg/hour
4. Special Considerations:
a. Alters the balance between insulin/glucagon; could result in
either hypoglycemia or hyperglycemia
b. Vasopressin is presently rarely used due to its potent
vasoconstrictive and catecholamine inducing properties
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