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Chapter 7: Pharmacology 
 

Lecture 
 

I. Introduction 
 Time: 3 Minutes 

 Slides: 1–2 

 Lecture/Discussion 

A.  Pharmacology is defined as the study of the preparation, properties, uses, and actions of 
medications. 
1.  Pharmacology plays a significant role in prehospital and critical care medicine and is 

often an essential component of patient care and transport. 
2.  This chapter covers a brief review of important basics and assumes a general 

understanding of pharmacology. 
3.  As new medications and approaches to treatment of various conditions emerge, it is 

essential to balance this new information with proven treatment strategies. 
4.  Follow local regulations, policies, and protocols, and consult reliable, current sources 

when administering any medication. 
 
 

II. Pharmacology and Medication Information 
 Time: 2 Minutes 

 Slide: 3-4 

 Lecture/Discussion 

A.  CCTP should stay abreast of newly approved medications and current research. 
1.  Current, reliable medication information may be obtained from a variety of sources, 

many of which are available in print and electronic formats. 
a.  Internet 
b.  Software 

i.  Example: Epocrates 
2.  Careful research of the source’s accuracy will assist in obtaining reliable information 

for clinical practice. 
 
 

III. A Practical Approach to Medication Administration 
 Time: 3 Minutes 

 Slides: 5–6 

 Lecture/Discussion 
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A.  Medication administration is a delicate blending of art and science. 
1.  Many factors assist with medication selection for a particular condition. 

a.  The optimal medication for a particular patient may or may not be immediately 
available during patient transport. 

i.  Obtain necessary quantities of specialized medications like antibiotics 
before leaving transport facilities. 

b.  The scope of practice and monitoring capabilities of the transport team must also 
be considered when selecting a medication. 

c.  Consider clinical status of a patient. 
i.  Postpone administration if immediate, lifesaving interventions required 
ii.  Safety or operational priorities related to an aircraft or ambulance 

overshadow routine medication administration. 
d.  Consider factors specific to each medication before administration. 

i.  Indications 
ii.  Pharmacodynamics 
iii.  Pharmacokinetics 
iv.  Side effects 
v.  Potential adverse effects  

 
 

IV. Pharmacokinetics 
 Time: 5 Minutes 

 Slides: 7–9 

 Lecture/Discussion 

A.  Pharmacokinetics is the study of the metabolism and action of medications within the body, 
with particular emphasis on the time required for absorption, duration of action, distribution 
in the body, and mechanism of excretion. 

B.  Absorption 
1.  Occurs either immediately or shortly after administration 
2.  The route of administration affects how quickly and how much of the dose is absorbed. 

a.  Intravenous (IV) 
b.  Intramuscular (IM) 
c.  Subcutaneous (SC) 
d.  Oral (PO) 
e.  Transdermal 
f.  Nasal 
g.  Rectal  
h. Not usually performed by CCTP: 

i.  Ocular 
ii.  Intra-arterial 
iii.  Otic 
iv.  Vaginal 

3.  The route of medication administration affects its bioavailability.  
a.  IV: 100% 
b.  Oral: ranges from 0% to 100%, depending on substance 
c.  Differences in bioavailability illustrate how a dose of a particular medication 

may be safe when given orally but toxic or lethal when given intravenously. 
d.  Nasal, sublingual, and rectal routes: alternative to IV in some cases 



Critical Care Transport  Chapter 7: Pharmacology 

© 2011 Jones and Bartlett Publishers, LLC  www.jbpub.com  3  

C.  Distribution 
1.  Highly variable following absorption 
2.  Blood is the primary distribution vehicle. 
3.  Placental and brain barriers restrict distribution of certain substances into fetal and 

brain tissue, respectively. 
4.  Highly lipid-soluble medications tend to cross these barriers where other medications 

would not readily cross. 
5.  The solubility of a medication also affects dosage calculations for weight-based 

medications. 
6.  First-pass effect occurs with orally administered medications. 

a.  Concentration of medication is reduced as it passes through the liver before 
entering systemic circulation 

b.  Also called first-pass metabolism 
c.  Medication undergoes biotransformation, elimination, or both.  

7.  Routes of elimination 
a.  Kidneys and urinary system are main routes of elimination 
b.  Lungs (usually highly volatile substances or gases) 
c.  Sweat 
d.  Saliva 
e.  Stool 
f.  Breast milk 

D.  Biotransformation 
1.  The liver is the primary site for biotransformation, but many body tissues and cells 

have the ability for biotransformation as well. 
2.  Four possible events occur:  

a.  Active drug may be changed into an inactive metabolite 
b.  Active drug can also be changed into an active metabolite 
c.  Active medication may also biotransform into a reactive metabolite that has a 

greater potential for action than its parent substance 
d.  Otherwise inactive substance undergoes biotransformation into an active, 

potentially toxic substance 
3.  Active (and reactive) metabolites can complicate the clinical situation and require 

special consideration when selecting certain medications. 
E.  Elimination 

1.  Substances or medications undergoing elimination follow one of two possible patterns. 
a.  Zero-order elimination: Fixed amount of substance eliminated over time period, 

regardless of the amount of substance present in plasma 
b.  First-order elimination: Amount of substance eliminated over period of time 

proportional to plasma concentration 
i.  Medication half-lives reflect first-order kinetics. 
ii.  Medication steady state occurs when administration equals rate of 

elimination (desirable with antibiotics, anticoagulants) 
2.  Factors affecting biotransformation and elimination include: 

a.  Perfusion 
b.  Liver and kidney status 
c.  Metabolism 
d.  Manner and extent of absorption 
e.  Chronic exposure to a particular medication or chemical 

3.  Enzyme systems in the liver perform biotransformation. 
a.  Cytochrome P450: Main pathway responsible for biotransformation of many 

medications and chemicals 
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i.  Exhaustive list exists of medications that either promote or inhibit action 
of cytochrome P450 system  

 
 

V. Pharmacodynamics 
 Time: 15 Minutes 

 Slides: 10–19 

 Lecture/Discussion 

A.  Pharmacodynamics is the way in which a medication produces the response intended. 
1.  Also known as the mechanism of action 
2.  Encompasses factors that may alter the intended response and any side effects or 

unexpected effects 
B.  Theories of drug action 

1.  When chemicals act upon the body to achieve a particular goal, four basic mechanisms 
may occur; a medication may: 

a.  Bind with a receptor site on a particular cell to either promote or inhibit a specific 
activity of that cell 

b.  Affect the physical property of a cell, which in turn alters cell functioning 
c.  Combine directly with other chemicals within the body to alter or limit the 

effects of this chemical or allow it to be removed 
d.  Alter a metabolic pathway in order to achieve a desired result 

2.  Medications that bind to a receptor site are the most prevalent, particularly in the 
prehospital setting. 

a.  A medication molecule will have one of two effects when it attaches to a receptor 
site: 

i. Stimulate receptor site to cause response it normally does (agonist) 
ii.  Block receptor site from being stimulated (antagonist) 

b.  Some medications can also act as agonist-antagonists, or partial agonists, by 
performing both roles 

3.  Once the medication is bound to the receptor site, it initiates a chemical change that 
produces the expected effect by direct binding or by release of a second compound that 
causes the intended effect. 

a.  Cyclic adenosine monophosphate (cAMP) is most common second messenger 
chemical  

4.  The number of available receptors is inconsistent and can be affected by: 
a.  Actual number of sites present 
b.  Number already occupied by another chemical mediator 
c.  Number occupied by another medication 

C.  Drug-response relationship 
1.  Once the medication finds the target tissue, it needs to accumulate to a sufficient 

concentration to produce its desired effect. 
2.  Drug-response relationship correlates the amount of medication given and the response 

it causes. 
a.  Plasma-level profiles 

i.  Describe length of onset, duration, termination of action 
b.  Onset of action: Amount of time it will take for concentration of medication at 

target tissue to reach minimum effective level 
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c.  Duration of action: Amount of time the medication can be expected to remain 
above that minimum effective level 

d.  Termination of action: Amount of time after concentration level falls below 
minimum level to the time it is eliminated from the body 

e.  Therapeutic index: Ratio of a drug’s lethal dose for 50% of the population to its 
effective dose for 50% of the population 

i.  Margin of safety 
f.  Half-life (T½): Time it takes the body to eliminate half of the drug 

i.  Medication not eliminated in two “half-lives” 
D.  Factors affecting drug responses 

1.  Age 
a.  Older people more sensitive to effects of drugs and often require smaller doses 

than younger patients 
b.  Pediatric patients generally have increased metabolic rate compared with adult 

and elderly patients and often require increase in either dose or frequency of 
administration 

c.  Some drugs have different effects altogether in different age groups. 
i.  Sedative-hypnotic agents tend to exhibit a more profound or prolonged 

effect in older patients. 
ii.  Pediatric patients frequently experience paradoxical drug reactions in 

which sedative agents cause hyperactivity and agitation. 
2.  Weight 

a.  Body weight must be taken into consideration by calculating dosages in 
milligrams or micrograms per kilogram of the patient’s body weight  

i.  mg/kg or μg/kg, respectively 
b.  Nature of a particular drug determines whether medication dosage is based on 

patient’s ideal versus actual body weight   
c.  Ideal body weight in adults is calculated as follows: 

i.  Males (kg): 50 + (2.3 times patient’s height in inches over 5') 
ii.  Females (kg): 45.5 + (2.3 times patient’s height in inches over 5') 

3.  Gender 
a.  General differences in body mass between males and females affect reactions to 

medications. 
4.  Environment 

a.  Psychological and physiologic stresses imposed on the patient 
5.  Time of administration 

a.  Usually in relation to eating 
6.  Condition of the patient 

a.  Overall health of patient 
b.  Hypothermic patients 

7.  Genetic factors 
a.  Lack of necessary enzymes 
b.  Lower metabolism 
c.  Glucose-6-phosphate dehydrogenase deficiency 

i.  Contraindicates administration of oxidant medications, sulfonamides, 
nitrofurantoin, phenazopyridine, and exposure to naphthalene 

d.  Primary pulmonary hypertension  
e.  Sickle cell disease 

8.  Pregnancy 
a.  Medications pass from the pregnant woman’s bloodstream into the placenta and 

ultimately affect the fetus. 
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b.  Patients also experience: 
i.  Impaired respiratory excursion 
ii.  Hemodilution 
iii.  Altered hemodynamic parameters 

c.  Catecholamines have adverse impact on placental perfusion 
9.  Psychological factors 

a.  Relationship between psychological factors and medication administration during 
critical care transport cannot be overstated 

i.  Placebo effect 
b.  Psychological factors need to be considered when medications are administered 

for analgesia and sedation 
i.  Patient positioning, temperature regulation, and proactive 

communication can decrease overall amount of medication 
ii.  Patients with psychiatric disorders 

E.  Predictable responses 
1.  CCTP should also anticipate unexpected drug responses beyond the desired effect (side 

effects) 
a.  Evaluate benefits compared with risks associated with the side effects 

i.  Risk-benefit ratio 
F.  Iatrogenic responses 

1.  When drug administration leads to symptoms that mimic naturally occurring disease 
states 

a.  Adverse condition inadvertently induced in a patient as a result of treatment 
b.  Example: Stevens Johnson syndrome 

G.  Unpredictable responses 
1.  Allergic reaction most common in prehospital 

a.  Anticipate with any drug 
b.  Antibiotic that is penicillin-based poses higher risk 
c.  Egg or soy allergies contraindicate sedation with propofol (Diprivan) 
d.  Bananas or avocados allergies highly suggestive of latex allergy 

2.  In rare cases, the patient may experience a completely unique, or idiosyncratic, 
response that is specific to that person; it is not seen in other patients. 

3.  Patients who take a particular medication for an extended period can build up tolerance 
to it. 

a.  Cross-tolerance phenomenon: Often seen in patients taking several pain 
medications 

b.  Tachyphylaxis: Patient rapidly becomes tolerant to medication 
4.  Cumulative effect is an increased effect when a medication is given in several 

successive doses, possibly resulting in therapeutic or nontherapeutic effects 
5.  Drug interactions may be unanticipated. 

a.  Drug antagonism 
6.  A summation effect occurs when two drugs given to the patient have the same effect, 

which doubles the response exhibited by the patient. 
a.  Synergism 
b.  Potentiation 
c.  Interference 
d.  Inhibition 
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VI. Avoiding Medication Errors 
 Time: 2 Minutes 

 Slide: 20 

 Lecture/Discussion 

A.  Medication errors related to selection, administration, or monitoring are responsible for 
thousands of deaths annually. 
1.  CCTP must: 

a.  Ensure the right patient, right drug, right dose, right route, right time, and the 
right formulation 

b.  Evaluate medication decisions made by sending facility staff for potential errors 
c.  Confirm the accuracy of any medication infusion that they are continuing during 

transport. 
i.  Proper labeling 
ii.  Line incompatibility 

 
 

VII. Medication Management 
 Time: 2 Minutes 

 Slide: 21 

 Lecture/Discussion 

A.  Medication storage 
1.  Many medications can be altered due to extremes in temperature, exposure to direct 

sunlight, or excessive humidity. 
a.  Usually decreases potency 
b.  Check drug insert or United States Pharmacopeia 
c.  Avoid direct sunlight. 
d.  Stored in temperatures between 55°F (13ºC) and 85°F (29ºC) 

2.  Transport vehicles require special consideration for medication storage. 
a.  Every department needs written protocol or procedure for specific handling all 

medications, fluids, or diluents on vehicle or in station  
B.  Security of controlled medications 

1.  Most medications are prescription 
2.  Some are controlled substances and have more stringent control guidelines regulated by 

state and federal governments  
a.  State pharmacy boards 
b.  US Drug Enforcement Agency 

3.  Minimum requirements for storage of controlled substances include: 
a.  Securely locked, substantially constructed cabinet  
b.  No sign or any other indication that the cabinet is used for controlled substances 
c.  Controlled substance disposition record 
d.  Expired controlled substances must be returned to the agency or departmental 

officer 
4.  Departments have additional written protocol and procedure for the use, storage, 

disposition, and documentation of controlled substances. 
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VIII. Specific Medications Used in Critical Care Transport 
 Time: 42 Minutes 

 Slides: 22–49 

 Lecture/Discussion 

A.  Each medication or medication family is organized based on its most common use. 
1.  Medications often have accepted uses in multiple categories. 
2.  The dosages, kinetics, and related materials for each medication may vary slightly from 

one reference source to another. 
3.  Follow local system or organizational protocols regarding administration guidelines for 

each medication. 
B.  Medications used in airway management 

1.  Definitive airway management in critical care transport combines techniques for airway 
device placement with medications designed to facilitate placement. 

a.  Sedative-hypnotic agents are administered with chemical paralytics. 
b.  Patient should have: 

i.  No gag reflex 
ii.  No trismus 
iii.  Relaxed facial/airway muscles for maximal visualization 
iv.  No awareness of procedure 
v.  No memory of procedure 

2.  Ultra-short-acting nonbarbiturate hypnotic agents for patients who require endotracheal 
intubation 

a.  Etomidate (Amidate) is drug of choice 
i.  No absolute contraindications for rapid sequence intubation  

b.  Ketamine 
i.   Phencyclidine (PCP) derivative 
ii.  Rapid sequence intubation 
iii.  Tends to cause an increase in blood pressure, pulse, and cardiac output 
iv.  Bronchodilatory effects 

3.  Sedative-hypnotic agents 
a.  Propofol (Diprivan) 

i.  Provides both anesthetic and amnesic effects 
ii.  Also has some powerful anticonvulsant properties 
iii.  Use with caution in patients who would experience devastating impact of 

hypotension 
iv.  Requires a strict aseptic technique during preparation and administration 
v.  Propofol infusions should not be continued for longer than 48 hours. 
vi.  Has numerous medication interactions 

4.  Benzodiazepines 
a.  Include common critical care medications  

i.  Diazepam (Valium) 
ii.  Lorazepam (Ativan) 
iii.  Midazolam (Versed)  

b.  Include oral medications for long-term home use 
i.  Oxazepam (Serax) 
ii.  Clonazepam (Klonopin) 

c.  Have anxiolytic, sedative, and anticonvulsant properties 
d.  Three common critical care benzodiazepines are all pregnancy class D. 
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i.  Use only in life-threatening situations in which no safer medication 
alternatives exist.  

e. Affect the inhibitory neurotransmitter GABA in the brain, although their exact 
mechanism of action is not fully understood. 

f.  Use with caution in patients with hypotension or potential hypotension. 
g.  Midazolam (Versed)  

i.  Most common choice for rapid sequence intubation or induction  
ii.  Used as an adjunct 
iii.  CNS depressant with hypnotic and anterograde amnesic properties 

h.  Diazepam (Valium) 
i.  Slower onset than midazolam 
ii.  Excellent first-choice anticonvulsant 

i.  Lorazepam (Ativan) 
i.  Gaining popularity 
ii.  Rapid onset, with variable peak effect 
iii.  Excellent first-choice anticonvulsant 

j.  Use caution when administering these medications to patients who are 
predisposed to paradoxical or bizarre medication reactions 

i.  Children 
ii.  Elderly 
iii.  Psychiatric patients 

k.  Flumazenil (Romazicon) 
i.  Treats benzodiazepine overdoses 
ii.  Use with extreme caution 
iii.  Limited critical care transport use 

5.  Paralytic medications 
a.  Inhibit muscle activity in patients who require airway and respiratory muscle 

relaxation to facilitate airway adjunct placement or mechanical ventilation. 
b.  Depolarizing agents 

i.  Succinylcholine (Anectine) 
c.  Nondepolarizing agents 

i.  Rocuronium (Zemuron): most common 
ii.  Vecuronium (Norcuron) 
iii.  Pancuronium (Pavulon) 
iv.  Cisatracurium (Nimbex) 
v.  Atracurium (Tracrium) 

d.  It is essential that patients only receive chemical paralytic agents for the shortest 
duration and lowest possible dose. 

i.  Tests to assess level include: train of four measurement, post-tetanic 
count, or double-burst stimulation  

ii.  Require special instruction for CCTP to perform  
e.  It is imperative that CCTP and other health care providers carefully evaluate the 

level of sedation and analgesia in any patient who is chemically paralyzed. 
f.  Patients undergoing chemical paralysis are also at high risk for decompensation 

or death when CCTP do not carefully match ventilation settings with patient 
needs. 

C.  Medications used in respiratory management 
1.  Effective respiration requires both the movement (ventilation) of air into and out of the 

lungs as well as gas exchange at the alveolar-capillary level. 
a.  Beta-agonist medications act upon receptors in the lower airways to improve 

airflow into and out of the lungs.  
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b.  Additional medications improve oxygenation and ventilation through further 
bronchodilation, inflammation reduction, and secretion control. 

c.  Various inhaled gases and exogenous surfactant appear to improve oxygen 
delivery and exchange in patients with respiratory disorders. 

2.  Beta-agonist medications 
a.  Beta-1 receptors found in cardiac tissue 

i.  Increase heart rate 
ii.  Cause cardiac muscle to contract 
iii.  Produce automaticity 
iv.  Trigger cardiac electrical conduction 

b.  Beta-2 receptors found in peripheral vasculature and in respiratory tract 
i.  Stimulate vasodilation and bronchodilation 
ii.  Treatment of asthma, respiratory syncytial virus, bronchitis, emphysema 
iii.  May produce some beta-1 effects 

c.  Albuterol 
i.  Selective beta-2 agonist 
ii.  Cardiac manifestations possible 
iii.  Other side effects include insomnia, dizziness 
iv.  Benefits tend to outweigh the drawbacks in younger patients 
v.  Patients with severe asthma, chronic obstructive pulmonary disease, or 

other reactive airway disease exacerbations are often placed on a 
continuous albuterol nebulizer regimen. 

d.  Levalbuterol (Xopenex) 
i.  Newer, more expensive alternative to albuterol 

e.  Terbutaline (Brethine) 
i.  Beta-2 agonist used as bronchodilator 
ii.  Commonly used as a tocolytic, but not FDA approved 
iii.  Contraindicated in patient with tachycardia 

f.  Nonselective beta-agonist medication 
i.  Epinephrine 
ii.  Racemic epinephrine 

3.  Mucokinetic and bronchodilator medications  
a.  Ipratropium bromide (Atrovent) 

i.  Used concurrently with albuterol 
ii.  Reduce mucosal secretions in airway 
iii.  Dilates airway 

b.  Theophylline 
i.  Not commonly used in the acute setting 

4.  Corticosteroids 
a.  Treatment of inflammation, especially in airway 
b.  Prednisone and methylprednisolone (Solumedrol) 

i.  Common in emergency and critical care settings 
ii.  Do not use in patients suspected of having many different types of 

infectious disease processes 
c.  Dexamethasone (Decadron) 

i.  Used less commonly due to associated complications, including severe 
infections, hyperglycemia, hypokalemia, and myasthenia gravis 

d.  Prednisolone 
i.  Lowest percentage of placental crossing 

D.  Medications affecting the cardiovascular system 
1.  When looking at the heart, CCTP should have three main areas of concern: 
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a.  Chronotropic aspect 
b.  Inotropic aspect 
c.  Cardiac rhythm 

2.  Dromotropic aspect relates to intracardiac conduction and can be altered by certain 
medications as well 

a.  May be a concern when multiple cardioactive medications are administered 
simultaneously 

3.  Alpha-adrenergic antagonists (alpha-blockers) 
a.  Developed to treat: 

i.  Hypertension 
ii.  Benign prostatic hyperplasia 
iii.  Glaucoma 
iv.  Heochomocytomas (catecholamine-producing tumors) 

b.  Clonidine (Catapres)  
i.  Encountered periodically during critical care transport 
ii.  Given during a hypertensive crisis 

c.  Phentolamine (Regitine) 
i.  Encountered periodically during critical care transport 
ii.  Should be carried by any transport provider who administers any IV 

medication with alpha-adrenergic properties (used to treat inadvertent 
peripheral extravasation)  

d.  Labetalol (Trandate, Normodyne) 
i.  Has both alpha- and beta-blocking (antagonist) properties 
ii.  Given orally or intravenously for the management of chronic or emergent 

hypertension, respectively 
iii.  Contraindicated in pregnancy 

4.  Angiotensin-converting enzyme (ACE) inhibitors 
a.  Captopril (Capoten) 

i.  Hypertension 
ii.  Congestive heart failure  
iii.  Acute myocardial infarctions 

b.  Enalapril (Vasotec) 
i.  Control blood pressure 
ii.  Given intravenously to patients with hypertension or heart failure 
iii. Common ACE inhibitor and works similarly to captopril, but with longer 

half-life 
5.  Antiarrhythmic medications 

a.  Patients with cardiac rhythm disturbances create a considerable challenge for 
CCTP. 

b.  The management of cardiac arrhythmias involves several classes of 
antiarrhythmic medications, many of which create additional risk for catastrophic 
and lethal rhythm disturbances. 

c.  Classified based on Vaughan-Williams classification scheme 
6.  Class I antiarrhythmic medications 

a.  Increase the effective refractory period (ERP) 
b.  Usually anticholinergic medications 
c.  Drawbacks in patients with preexisting infarctions or structural heart diseases 
d.  Tend to have significant adverse reactions 
e.  Class IA medication 

i.  Procainamide most commonly encountered in acute setting 
f.  Class IB medications  
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i.  Decrease ERP and action potential duration (APD) 
ii.  Lidocaine is the prototype. 

g.  Class IC medications 
i.  Suppress phase 0 repolarization 
ii.  Have virtually no effect on the action potential 
iii.  Life-threatening arrhythmias originating in the ventricles 
iv.  Flecainide is the prototype. 

7.  Class II antiarrhythmic medications/beta-adrenergic blocking agents 
a.  Antagonize the beta receptors by competitively binding to the beta receptor sites 

to inhibit stimulation 
b.  Newer drugs called sympatholytics; used in treatment of: 

i.  Arrhythmias 
ii.  Hypertension 
iii.  Acute myocardial infarctions 
iv.  Congestive heart failure 

c.  Metoprolol (Lopressor) 
i.  Decreases the automaticity of the heart tissue, which decreases cardiac 

output and systemic blood pressure 
ii.  Contraindicated with severe congestive heart failure, bradycardia, or 

cardiogenic shock 
d.  Esmolol (Brevibloc) 

i.  Shorter-acting beta-blocking medication 
ii.  Contraindicated for patients with atrioventricular blocks and 

uncompensated congestive heart failure 
8.  Class III antiarrhythmic medications 

a.  Potassium channel blockers 
b.  Useful for treating reentry tachycardias and arrhythmias occurring as a result of 

cellular depolarization due to excessive excitability. 
c.  Can be proarrhythmic as well as antiarrhythmic 
d.  Amiodarone (Cordarone) 

i.  Most common 
ii.  Can precipitate torsade de pointes, atrioventricular (AV) blocks, 

bradycardia 
iii.  Consult reliable medication reference source for dosing in other 

noncardiac arrest) situations 
9.  Class IV antiarrhythmic medications/calcium channel-blocker medications 

a.  Calcium channel blockers 
b.  Cause vasodilation, negative inotropy, negative chronotropy, and negative 

dromotropy (decreased electrical conduction velocity) 
c.  Useful for treating tachyarrhythmias originating in the atria 
d.  Only two for treating arrhythmias 

i.  Verapamil (Calan) 
ii.  Diltiazem (Cardizem) 

10.  Adenosine 
a.  Different type of antiarrhythmic 
b.  Classified as endogenous nucleoside 

i.  Naturally occurring protein  
ii.  Substantial part of cellular metabolism 

c.  Can restore sinus rhythm in patients who have paroxysmal supraventricular 
tachycardia 

d.  Not effective in converting atrial fibrillation, but may be used as a diagnostic tool  
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e.  Exceptionally short duration of action  
i.  Around 12 seconds 
ii.  Given as a rapid IV bolus followed by a rapid IV bolus of normal saline 

f.  Contraindicated in patients taking  
i.  Dipyridamole (Persantine) 
ii.  Carbamazepine (Tegratol) 

11.  Anticholinergic medications 
a.  Wide variety of clinical uses 

i.  Nausea and vomiting 
ii.  Excessive secretions from a variety of organs 
iii.  Abdominal cramps 
iv.  Excess vagal tone leading to bradycardia or asystole 

b.  Atropine 
i.  Classified as an anticholinergic medication because it blocks the ACh 

receptors in the parasympathetic nervous system 
ii.  Best treatment option for patients who are not experiencing myocardial 

ischemia or acute hemorrhage 
iii.  Begins working immediately 
iv.  Monitor patients for dizziness, palpitation, GI upset, arrhythmias, 

anticholinergic effects 
v.  CCTP should be aware that atropine is not likely to be effective for 

increasing the heart rate in patients who have second- and third-degree 
heart blocks 

vi.  Many RSI protocols include atropine as prophylactic medication to 
prevent bradycardia from succinylcholine administration and airway 
manipulation, especially in pediatric patients. 

vii. Essential for the emergent treatment of acetylcholinesterase inhibitor 
toxicity following exposure to certain pesticides and chemical nerve 
agents 

12.  Catecholamines and sympathomimetic agents 
a.  Dopamine, epinephrine, and norepinephrine  

i.  Substances produced within body to activate sympathetic nervous system 
ii.  This initiates the fight or flight response  
iii.  Stimulate alpha- and beta-adrenergic receptors, causing many changes 
iv. Collectively referred to as sympathomimetics or catecholamines based 

on chemical structure 
b.  Dopamine 

i.  IV infusions 
ii.  Low doses may achieve a renal effect 
iii.  Slightly higher doses will optimize beta effects to increase cardiac output 
iv.  Even higher doses increase alpha effects to increase and maintain blood 

pressure 
c.  Epinephrine 

i.  Used to support respiratory function by opening up larger airways 
ii.  It augments blood pressure by increasing vascular tone.  
iii.  Has both chronotropic effects and even more inotropic effects on the 

heart 
iv.  Given by IV during cardiac arrest resuscitation efforts 
v.  In various clinical situations, given as IV bolus, IV infusion, inhaled, 

nebulized, administered IM or SC, or administered via endotracheal tube 
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vi.  Consult a reliable reference for dosing instructions when epinephrine is 
indicated. 

d.  Vasopressin 
i.  Naturally occurring hormone referred to as an antidiuretic hormone 
ii.  Can replace second or third does of epinephrine during cardiac arrest 
iii.  Option for severe shock resulting from vasodilatation, but not FDA 

approved 
iv.  Treatment of diabetes insipidus 
v.  Certain types of gastrointestinal hemorrhage 

e.  Norepinephrine (Levophed) 
i.  Most commonly used for blood pressure control 

f.  Phenylephrine (Neo-Synephrine) 
g.  Dobutamine (Dobutrex) 

13.  Direct vasodilator medications 
a.  Hydralazine (Apresoline) 

i.  Acts directly on arterioles to produce vasodilation and lower blood 
pressure 

ii.  Appears to be safe for use as an emergent antihypertensive in pregnant 
patients with preeclampsia 

iii.  Congestive heart failure 
iv.  Primary pulmonary hypertension 
v.  Malignant hypertension 

14.  Diuretic medications 
a.  Used to: 

i.  Remove excess fluid from the circulating blood volume 
ii.  Alter distribution of fluids within body 
iii.  Enhance urinary elimination of harmful substances 
iv.  Increase (or maintain) adequate flow through jeopardized kidneys 

b.  Treatment with diuretic medications is desirable in situations such as: 
i.  Fluid volume overload 
ii.  Cerebral edema 
iii.  Hyperkalemia 
iv.  Rhabdomyolysis 

c.  Furosemide (Lasix) 
i.  Most common 
ii.  Loop diuretic 
iii.  Inhibits reabsorption of sodium and potassium salts, which in turn 

removes (excess) water 
iv.  Produces renal vasodilation 
v.  Caution needs to be exercised because of the possibility of dehydration, 

hypotension, severe electrolyte imbalances, and alkalosis 
vi.  Recent recommendations for the treatment of acute heart failure 

deemphasize the use of dieresis 
d.  Bumetanide (Bumex) 

i.  Loop diuretic that works similarly to furosemide 
ii.  Has FDA warning regarding excessive electrolyte and fluid depletion 

e.  Mannitol 
i.  Common treatment choice for increased ICP in patients with traumatic 

brain injury 
ii.  Osmotic diuretic 
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iii.  Caution should be exercised because this medication can cause 
significant changes in electrolyte levels, which can have negative effects. 

15.  Nitrates 
a.  Nitroglycerin 

i.  Traditional first-line medication for ischemic heart disease 
ii.  Also treats hypertension 
iii.  Primarily a venous dilating agent, with limited effects on arteries, 

including coronary arteries 
b.  Sodium nitroprusside 

i.  Not as commonly used to control blood pressure due to increased 
chronotropic effects on the heart 

ii.  Effective at maintaining vasodilation 
iii.  Arterial and venous dilator 

16.  Phosphodiesterase inhibitors (inodilators) 
a.  Milrinone (Primacor) 

i.  Used by CCTP to improve cardiovascular performance 
ii.  Phosphodiesterase enzyme inhibitor 
iii.  Safer formulation than inamrinone, with less tendency to cause bone 

marrow or liver toxicity 
E.  Anticoagulants, fibrinolytics/thrombolytics, and blood components 

1.  CCTP will encounter situations that require:  
a.  Dissolution of blood clots with thrombolytics 
b.  Prevention of blood clots with anticoagulants 
c.  Expansion of the circulating blood volume with crystalloid and colloid 

medications 
2.  Each medication has the potential for significant harm from improper administration or 

inadequate monitoring. 
a.  Consider atypical causes of clinical signs and symptoms before administering 

anticoagulant or thrombolytic medications. 
3.  Anticoagulant medications 

a.  Common in the transport of critical patients 
b.  Aspirin  

i.  Considered first-line anticoagulant medication  
ii.  Technically considered an antiplatelet medication 
iii.  Inhibits enzyme cyclooxygenase 

c.  Medication options for high-risk patients unable to receive aspirin: 
i.  Ticlopidine (Ticlid)  
ii.  Clopidogrel (Plavix) 

d.  Glycoprotein IIB-IIIA inhibitors 
i.  Increasingly popular in the treatment of cardiac conditions and critical 

care transport 
ii.  “Super-aspirins” 
iii.  Examples: abiximab (Reopro), eptifibatide (Integrilin), tirofiban 

(Aggrastat) 
e.  Heparin 

i.  CCTP should review the latest lab values and the PTT prior to transport. 
ii.  Monitor patient for bleeding problems. 
iii.  Used SC as deep vein thrombosis prophylaxis in immobile, hospitalized 

patients. 
iv.  Many indwelling vascular devices are flushed with heparin. 
v.  Has many serious side effects 
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vi.  Heparin-induced thrombocytopenia/thrombosis, or HIT/T syndrome 
f.  Enoxaparin (Lovenox) 

i.  Used as an adjunct to thrombolytic medications in patients experiencing 
myocardial infarctions, unstable angina, and several other conditions 

g.  Warfarin (Coumadin) 
i.  Carries significant and potentially fatal bleeding risks 
ii.  Should not be administered to patients with bleeding tendencies 
iii.  Cumulative effect can occur in patients taking other anticoagulant, 

antiplatelet, and thrombolytic medications 
iv.  CCTPs frequently encounter patients on warfarin who have experienced 

devastating effects from inadequate monitoring and dose adjustments. 
v.  Phytonadione (vitamin K, aquaMEPHYTON) can be given to counteract 

some of the anticoagulant effects. 
4.  Thrombolytic or fibrinolytic medications 

a.  Differ from anticoagulants in that these medications break down an existing clot 
rather than prevent propagation 

b.  Relative contraindications include hypertension, GI hemorrhage, and recent 
trauma. 

c.  Alteplase (tissue plasminogen activator, tPA) 
i.  Commonly used to break down clots that caused acute myocardial 

infarctions and acute ischemic cerebral vascular accidents 
ii.  Contraindications: recent strokes, intracranial or other internal 

hemorrhage, severe hypertension 
d.  Retaplase (Retavase) 

i.  Shown to diffuse throughout the clot with greater efficiency than 
alteplase 

ii.  Has half-life that does not necessitate infusion 
e.  Tenecteplase (TNKase) 

i.  Single-dose, weight-based thrombolytic 
ii.  Given in combination with aspirin and heparin 

f.  Streptokinase 
5.  Blood volume–expanding solutions 

a.  Prehospital use of blood products and blood substitute products is still in the 
investigational stage; interfacility products are not yet commonplace. 

b.  Crystalloid solutions 
i.  Most common choice for fluid replacement 
ii.  Come in three types of crystalloid solutions 
iii.  Isotonic have the same tonicity as human blood (normal saline, lactated 

Ringer’s solution) 
iv.  Hypotonic have lower concentrations of electrolytes when compared to 

the human body. 
v.  Hypertonic solutions have higher concentrations of electrolytes when 

compared to blood (sodium chloride solutions) 
c.  Colloid solutions 

i.  Contain a higher concentration of dissolved electrolytes than do typical 
blood concentrations 

ii.  The debate continues as to whether colloid solutions are beneficial, 
indifferent, or harmful. 

6.  Blood products 
a.  Albumin 
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i.  Colloid solution is derived from human blood donations, processed to 
prevent infection and then used for hypovolemia, burns, and certain 
surgical procedures. 

b.  Hetastarch 
i.  Synthetic colloid solution that is designed to expand the plasma volume 
ii.  Do not give to pediatric patients 

c.  Dextran 
i.  Used in situations when blood products are not immediately available 
ii.  Also used to prime the tubing of various external medical devices that 

sequester large amounts of blood 
F.  Medications used for neurologic conditions 

1.  Neurologic illnesses, diseases, and conditions are commonly seen during critical care 
transport. 

a.  Analgesia, anxiolysis, sedation, and seizure control are the main purposes of 
neurologic medications administered by CCTP. 

2.  Anesthetic, antianxiety, sedative, and hypnotic medications 
a.  Benzodiazepines should be considered first-line anxiolytic and sedative 

medications during critical care transport. 
b.  Haloperidol (Haldol) 

i.  Antipsychotic; can sedate combative patients and those experiencing 
psychotic episode 

ii.  Not approved for IV administration, but often used intravenously off 
label when emergent control of agitation is desired 

iii.  Goal is to achieve sedation with lowest possible dose because of 
potential for a fatal condition known as neuroleptic malignant syndrome 

iv.  Be prepared for potential onset of extrapyramidal symptoms (involuntary 
muscle contractions of face, neck, trunk, and/or extremities) 

c.  Dexmedetomidine (Precedex) 
i. Alpha-2 agonist 
ii.  Used in intubated patients 
iii.  Approved for sedation in nonintubated patients who undergo various 

invasive procedures 
iv.  Provides sedative effects without the cardiovascular and respiratory 

compromise seen in other classes of sedatives 
3.  Anticonvulsant medications 

a.  Several other drugs fall into this category based on use and intended effect, 
including benzodiazepines, barbiturates, hydantoins, and valproic acid. 

b.  Initial pharmacologic treatment of seizures in prehospital and critical care 
transport should be done with IV benzodiazepines. 

c.  Rectal diazepam is also an option if it is available for a patient without IV access 
d.  Phenytoin and fosphenytoin 

i.  Dilantin (phenytoin) anticonvulsant prescribed to patients with seizure 
disorders or with acute status epilepticus 

ii.  Phenytoin can cause cardiac arrhythmias, including ventricular 
fibrillation, AV conduction abnormalities, and hypotension. 

iii.  Extravasation of IV phenytoin causes “purple glove syndrome.” 
iv.  Fosphenytoin (Cerebyx) is a chemically modified form of phenytoin 

e.  Barbiturate medications 
i.  Sedative medications 
ii.  Often used for anesthesia, with strong anticonvulsant properties 
iii.  Not routinely carried by CCTP 
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iv.  Potential for CCTP to monitor or administer these medications to 
patients with intractable seizures  

v.  Possess the ability to decrease cerebral metabolism and cerebral oxygen 
consumption in at-risk patients 

vi.  Phenobarbital used as an anticonvulsant 
v.  Pentobarbital may be administered as last resort 

4.  Analgesic and antagonist medications 
a.  Patients experience pain resulting from an illness or injury, or as an unintended 

consequence of many therapeutic interventions performed by CCTP. 
b.  Medications that relieve pain are referred to as analgesics. 
c.  Opiate-based medications are not the only medications with analgesic qualities 

that are used by CCTP. 
i.  Ketamine 
ii.  Acetaminophen 
iii.  Nonsteroidal anti-inflammatory drugs (NSAIDs) 

d.  Opioid agonist class is most common class of medications used for analgesia in 
critical care setting  

e.  Medications are also CNS and respiratory depressants. 
f.  Fentanyl (Sublimaze) 

i.  Rapid acting, very potent, relatively short duration of action 
ii.  Synthetic opiate that is said to be anywhere from 75 to 200 times the 

potency of morphine 
g.  Sufentanil (Sufenta) 

i.  Similar medication to fentanyl 
ii.  Most commonly used in surgical settings 
iii.  Possible for CCTP to encounter patients receiving this medication 

h.  Morphine 
i.  Popular for the prehospital induction of analgesia 
ii.  Alleviates pain through CNS depressant actions 
iii.  Suppresses fear and anxiety centers in brain and brain stem respiratory 

centers 
iv.  Care must be exercised to prevent hypotension 
v.  May cause respiratory depression and somnolence 

5.  Other opiate-based analgesic medications 
a.  Hydromorphone 
b.  Nalbuphine (Nubain) 

6.  Naloxone and other opioid antagonists  
a.  Naloxone (Narcan) 

i.  Most common example used in the prehospital and critical care transport 
setting 

ii.  Patients with apparent opioid intoxication should only receive enough 
naloxone to restore effective respiratory functioning. 

7.  NSAIDs 
a.  Alternative to opioid-based analgesic medications 
b.  Ketorolac (Toradol) 

i.  Only use for short-term or acute pain, not for minor or chronic pain 
complaints 

ii.  May cause severe GI ulcers, bleeding, and/or perforations 
G.  Medications affecting the GI system 

1.  The role and significance of GI medications in critical care transport is easy to 
underestimate. 
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a.  Numerous conditions related to transport may cause nausea or vomiting that 
requires treatment during transport. 

b.  GI bleeding serious condition 
2.  Histamine-2 blocker medications 

a.  Used clinically to minimize the effects of gastric acids on the stomach and 
digestive tract 

b.  Ranitidine (Zantac) 
i.  Treats gastroesophageal reflux disease 
ii.  Particular caution needs to be used in patients with renal failure. 
iii.  Adverse reactions: diarrhea, constipation, dizziness, dry mouth, dry skin 

c.  Cimetidine (Tagamet) 
i.  Works the same as ranitidine, but has higher dose 
ii.  Elderly patients may experience confusion 
iii.  Young males can experience impotence  

d.  Famotidine (Pepcid) 
i.  Similar to both cimetidine and ranitidine 
ii.  Can cause cardiac arrhythmias 
iii.  Most other serious side effects extremely rare 

3.  Phenothiazine antiemetic medications and metoclopramide 
a.  Meclizine and dimenhydrinate  

i.  Both antihistamines used as antiemetics 
b.  Scopolamine 

i.  Anticholinergic used to treat nausea and vomiting 
c.  Promethazine (Phenergan) and prochlorperazine (Compazine) 

i.  Antagonize the D2 receptors; effective in reducing nausea and vomiting 
ii.  Major drawbacks: considerable sedation, orthostatic hypotension, 

extrapyramidal effects 
d.  Prochlorperazine (Compazine) 

i.  Contraindicated in patients who have bone marrow disease and severe 
liver or cardiovascular disease 

ii.  Frequently causes Parkinson-like syndromes and can produce 
extrapyramidal effects 

iii.  Administer slowly or by infusion 
e.  Metoclopramide (Reglan) 

i.  Similar action on the D2 receptors, with added benefit of increasing GI 
motility 

f.  Diphenhydramine (Benadryl) 
4.  5-HT3 receptor antagonist antiemetics 

a.  The serotonin antagonists are believed to cause their effect by selectively 
blocking serotonin receptors in the medulla to suppress the vomiting centers. 

b.  Low-level adverse reactions 
c.  Ondansetron (Zofran) 
d.  Granisetron (Kytril)  
e.  Dolasetron (Anzemet) 

5.  Antisecretory agents: somatostatin and octreotide 
a.  Treatment of upper GI bleeding  

i.  Frequent, often fatal, medical condition 
b.  Somatostatin 

i.  Naturally occurring peptide chain that decreases intestinal fluid 
secretion, slows GI motility, reduces portal blood flow with vascular 
smooth-muscle vasoconstriction 
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ii.  Replicated pharmacologically for management of bleeding from 
esophageal varices, other disorders 

iii.  Limited use, short half-life 
c.  Octreotide (Sandostatin) 

i.  Synthetic peptide with actions analogous to somatostatin 
ii.  Longer, more clinically useful, duration of action 
iii.  Common side effects include bradycardia, chest pain, fatigue, malaise, 

headache, diarrhea, and abdominal discomfort. 
6.  Total parenteral nutrition and partial parenteral nutrition 

a.  Provided when oral nutrition inadequate or impossible 
b.  PPN  

i.  Supplements enteral feeding 
ii.  Administered via IV through central venous catheter or a peripherally 

inserted central catheter (PICC) line 
c.  TPN  

i.  Sole nutritional source 
ii.  Administered via IV through central venous catheter or a peripherally 

inserted central catheter (PICC) line 
d.  May be administered concurrently with a lipid solution 
e.  Customized for each patient based on estimated caloric and nutrition needs, 

adjusted for that patient’s particular medical condition and any nutritional 
deficits. 

f.  TPN is administered via an infusion pump at a precise rate. 
i.  No additional medications should be added to TPN or lipid solutions. 

g.  Any patient receiving insulin and/or dextrose should have frequent, scheduled 
determinations of blood glucose levels. 

H.  Miscellaneous medications used in critical care transport 
1.  Alprostadil 

a.  Vasodilator medication used to treat erectile dysfunction 
b.  Major role in critical care transport is to maintain patent ductus arteriosis (PDA) 

in newborn infants with certain congenital heart defects 
c.  Specialty consultation and training is required for CCTP who carry this 

medication or who may be expected to administer or monitor this medication. 
d.  There is a greater than 10% chance of apnea when alprostadil is given 

intravenously. 
i.  Consider RSI or airway management 

2.  Drugs used in infectious diseases 
a.  Critical care providers routinely transport patients with an active infectious 

disease or who are receiving treatment to prevent an opportunistic infection 
associated with their illness or injury. 

b.  Early goal-directed sepsis management 
c.  CCTP may be expected to initiate appropriate antimicrobial therapies in high-risk 

patients  
i.  At outlying community health care settings 
ii.  During transport to tertiary care center 

d.  Antibiotics 
i.  Subclassification of antimicrobial medications 
ii.  Not all antibiotics affect all types of infections 
iii.  Many patients are allergic to certain antibiotics; CCTP must assess for 

allergies 
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iv.  It is essential that each patient’s medication profile be considered 
individually for medication cross-reactivity. 

v.  Consider medication line incompatibility with multiple medications 
e.  Antifungal medications 

i.  Fungal infections have evolved into a significant factor in critical care 
medicine. 

ii.  Five IV medications and numerous oral and topical antifungal 
medications currently are in widespread use in the United States. 

iii.  CCTP should evaluate each medication when transporting patients 
receiving antifungal therapy. 

3.  Calcium preparations 
a.  IV calcium is indicated in numerous clinical situations. 

i.  Hypocalcemia 
ii.  Prevention of cardiac arrhythmias associated with hyperkalemia 
iii.  Given intravenously to treat hypotension and bradycardia associated with 

calcium channel–blocker overdoses 
iv.  Antidote for magnesium toxicity 
v.  Hydrofluoric acid toxicity 

b.  Use extreme caution when administering IV calcium. 
i.  Extravasation may lead to significant tissue necrosis, especially from 

calcium chloride. 
ii.  Possible side effects: hypotension, vasodilation, arrhythmias, syncope  

4.  Diphenhydramine (Benadryl) 
a.  Mild sedative and sleep aid as an over-the-counter medication  

i.  Can be used intravenously for this same purpose 
b.  Adverse effects of diphenhydramine include  

i.  Tachycardia 
ii.  Palpitations 
iii.  Chest pain 
iv.  Drowsiness, dizziness, ataxia 

5.  Glucagon 
a.  Endogenous peptide produced in the pancreas that has been replicated 

commercially. 
b.  Carried by CCTP for use as either: 

i.  Rescue agent for acute hypoglycemia in patients without IV access 
ii.  Antidote in select overdose or toxicity situations 

c.  Usually packaged in powder form with phenol included for reconstitution 
6.  Magnesium sulfate 

a.  Versatile IV medication  
b.  Frequently carried and encountered by CCTP 
c.  Used to treat presumptive hypomagnesemia, or low serum magnesium levels 
d.  Used aggressively to treat ventricular cardiac arrhythmias 

i.  Torsade de pointes 
ii.  Ventricular tachycardia 
iii.  Ventricular fibrillation 

e.  Use in high-risk obstetric patients becoming controversial 
i.  First-line anticonvulsant in patients with preeclampsia and eclampsia 

f.  Use as uterine tocolytic agent facing additional scrutiny 
g.  Used for asthma exacerbation 
h.  Causes respiratory arrest or hypoventilation, particularly during IV infusions 
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i.  May cause hypotension, vasodilation, cardiac conduction abnormalities, flushed 
feeling 

7.  Potassium chloride 
a.  The major intracellular electrolyte, essential for nerve and muscle tissue function 
b.  Hypokalemia 

i.  Symptoms of may be vague 
c.  Hyperkalemia main adverse side effect of IV administration 

8.  Sodium bicarbonate 
a.  Electrolyte solution with powerful alkalinization effects 
b.  Used as a pharmacologic therapy for certain (but not all) metabolic acidosis 

conditions 
c.  Numerous electrolyte abnormalities and alkalosis are side effects 

i.  Hypokalemia 
ii.  Hypocalcemia 
iii.  Hypernatremia 

9.  Tocolytic agents in critical care transport 
a.  Used clinically to prolong fetal gestation  

i.  To minimize adverse medical conditions associated with prematurity 
ii.  To allow time for maternal administered corticosteroids to enhance fetal 

lung maturity  
b.  No current FDA-approved chemical tocolytic agents to suppress uterine 

contractions 
i.  Ritodrine no longer used in United States 

c.  Magnesium sulfate 
i.  Poses considerable risks to a pregnant woman and fetus 
ii.  Continues to receive widespread use 

d.  Terbutaline 
i.  Often associated with hypertension, tachycardia, restlessness, and 

tremors 
ii.  Pulmonary edema from terbutaline has led to at least 25 maternal deaths. 
iii.  FDA appears to be accepting the role of terbutaline as a tocolytic but has 

not approved it yet 
e.  Calcium channel blockers, nifedipine (Procardia) and nicardepine (Cardene) 

i.  Have tocolytic properties and are frequently used for this purpose 
ii.  Side effects are minimal, but a few cases of pulmonary edema have been 

reported. 
iii.  It is advisable to avoid these medications in hemodynamically unstable 

patients and those with preexisting cardiovascular disease. 
f.  Indomethacin (Indocin) and various COX 1 and 2 inhibitors  

i.  Medications in various phases of evaluation 
 
 

IX. Medication Infusion Technique 
 Time: 5 Minutes 

 Slides: 50–52 

 Lecture/Discussion 

A.  Medication infusion is indicated when the patient requires continuous medication 
administration and has restricted fluid requirements. 
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1.  Rates affected by altitude 
2.  A two-tone alarm from the infusion system indicates that infusion is complete or the 

battery is low. 
a.  Four quick beeps indicate serious problem 

3.  Review Skill Drill 7-1: Administering Medication With an Infusion Pump. 


