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Medical Therapeutics

• Inotropes and vasoconstrictors: basic 
pharmacology, indications and dosing

• Sedatives, opioids, antipsychotics: basic 
pharmacology, indications and dosing

• Antibiotic therapy: basic pharmacology, 
indications and dosing

• Case study

Inotropes and Vasoconstrictors-
Basic Pharmacology

• Vasopressors are agents that cause 
constriction of blood vessels leading to an 
increase in blood pressure

• Some vasopressors are also positive 
inotropes increasing contractility of the heart 
or positive chronotropes- capable of 
increasing heart rate

• The hemodynamic effects of most 
vasopressors occur secondary to their 
interactions with receptors in the heart and 
vascular system



Inotropes and Vasoconstrictors-
Basic Pharmacology

• The receptors most relevant to the 
pharmacology of vasopressors are 
adrenoreceptors

• Adrenoceptors interact with 
norepinephrine, epinephrine, and other 
chemically similar drugs

• The physiological response to a 
adrenoceptor stimulation depends on the 
location of the receptors

Adrenoceptor Types, Location and 
Physiological Response

Dilation
Relaxation

Coronary arteries
Bronchial smooth muscle

β2

Increased HR 
and force of 
contraction

Heartβ1

Decreased toneGI tractα2

ConstrictionArteries, arterioles, veinsα1

Response when 
stimulated

Primary locationType



Norepinephrine
• One of the principal neurotransmitters in 

the sympathetic nervous system and is 
released from nerve cells

• Main use is for profound hypotension
• Powerful vasoconstrictor
• Increases heart rate and contractility
• Reflex bradycardia can occur as no 

vasodilation occurs

Epinephrine
• Neurotransmitter in the sympathetic nervous 

system
• Is a hormone secreted by the adrenal system
• Used in ACLS, anaphylactic shock and acute 

severe asthma unresponsive to normal 
treatment

• Powerful vasoconstrictor, positive inotrope 
and a positive chronotrope

• Effects are dose dependent



• Systolic blood pressure is raised, but not 
diastolic blood pressure which may 
decrease due to the resultant vasodilation 
and increased blood flow through the 
skeletal muscle

• Vasoconstrictor effects of epinephrine 
become more apparent as the dose is 
increased

Dopamine

• A precursor to norepinephrine and 
epinephrine, is also a neurotransmitter

• Released from nerve cells
• Used in the treatment of shock, trauma, 

endotoxic septicemia, open heart surgery, 
and chronic cardiac decompensation

• At low doses it vasodilates
• At doses above 2mcg/kg/min –positive 

inotrope and chronotropic effects



• At higher doses above 10mcg/kg/min it is 
a vasoconstrictor

• At doses above 20mcg/kg/min the effects 
are similar to those of epinephrine

Phenylephrine

• Chemically related to epinephrine
• Used to treat hypotension
• Powerful vasoconstrictor- increases 

systolic and diastolic blood pressure
• Heart rate and contractility are not affected
• Reflex bradycardia can occur



Vasopressin

• Two properties: antidiuretic hormone – low 
dose; high dose- vasoconstriction

• Its action results from vasopressin’s actions 
on vasopressin receptors

• Vasopressin receptors are classified as V-1 
and V-2 receptors

• Vasopressin’s interaction with V-1 receptors 
located on  arterial smooth muscle is 
responsible for its potent vasopressor effects

Dobutamine

• Indicated for short term inotropic support 
in patients with cardiac decompensation 
due to depressed contractility

• Considered both an inotrope and a 
vasodilator

• Increases cardiac contractility



Dobutamine

• Also causes a reflex decrease in vascular 
tone and vasodilation may occur



Perfusion Pressure      

Perfusion Pressure (MAP)=Cardiac Output* × SVR

(*preload, contractility, heart rate)

Treatment Options

• Fluids
• Vasoconstrictors
• Inotropes
• Chronotropes



Therapeutic Goals

• Primary
– CVP (PAOP) 8-12 mm Hg
– MAP > 65 mmHg
– CI > 2.2 L/min per m2

– SvO2 > 65%
• Secondary

– Heart rate < 120/min

Hemodynamic Support-
First Option

•Fluids



Adrenergic Receptors

α1

α2

β1

β2

D1

D2

vasoconstriction
sedation, vasodilation
increased contractility/heart rate
vaso/bronchodilation
vasodilation,diuresis
vasodilation,diuresis

Receptor Modulated Activity

Concentration Effect

(mcg/kg per min)

φ

0.2-0.5

φ

10-20

φ

β 2

0.5-5.0φφPhenylephrine

0.5-1.0.05-0.2φEpinephrine

0.1-1.0.05-0.1φNorepinephrine

φ5-10φDobutamine

10-205-101-4Dopamine

α 1β 1D 1&2



Variable Response to 
Adrenergic Agonists

• Receptor density
• Receptor sensitivity
• Disruption of signal transduction
• Alterations in extra/intracellular calcium 

regulation 

Sympathomimetic Drugs

4*0202Dopamine

04*301Dobutamine

00204*Norepinephrine

034*03Epinephrine

00003*Phenylephrine

D 1&2β 2β 1α 2α 1



Non-Adrenergic Drug Therapy

0.05 to 0.2 mcg/kg/min12-24 mcgInodilator Levosimendan

1-2 mg/h2-4 mgInotrope Glucagon

0.1-0.8 unit/min
*replacement therapy 0.03 unit/min

1-5 unitsVasoconstrictorVasopressin

0.1-0.5 mcg/kg/min50 mcg/kgInodilatorMilrinone

Maintenance DoseLoading 
Dose

EffectDrug

Summary

• Establish hemodynamic goals
• Fluids first
• Maximize single drug therapy
• Adding other inotropes/ vasoconstrictors

– titrate one drug
– set other drugs at constant rate



Sedatives, Opioids and 
Antipsychotics

•Elizabeth Scruth, RN, MN, 
MPH, CCNS, CCRN

• Eugene Y Cheng, MD, FCCM

Opioids

• Adverse effects of pain are numerous and 
include detrimental psychological effects 
and activation of the stress response

• All opioid analgesics, both natural and 
synthetic, act at numerous sites in the 
central nervous system

• The neurotransmitter action of opioid 
peptides is always inhibitory



• Sites of opioid induced analgesia:
1. Endophins are found in regions where pain is 

modulated
2. Periaqueductal gray
3. Nucleus raphe magnus
4. Spinal cord dorsal horn
5. Peripheral afferent terminal

• Pharmacological activity of the three 
opioid receptors:
1. Mu- analgesia, respiratory depression, 

physical dependence, euphoria
2. delta- spinal analgesia, modulation of the mu 

receptor
3. kappa- spinal analgesia, miosis and 

sedation- females are more responsive to 
this receptor than males



• Classification of opioids by their actions on 
opioid receptors
1) Agonists- morphine, codeine
2) Partial agonists- nalbuphine, butorphenol
3) Mixed agonist-antagonist- buprenorphine-these 

partial agonist will produce antagonist effects of the 
full agonist at therapeutic doses

4) Antagonist- naloxone, naltrexone

Metabolism of Opioids

• Morphine and other opioids are 
metabolized in the liver

• Codeine, oxycodone and hydrocodone 
may be influenced by genetic variability 
and therefore clinical response differences



• Morphine crosses the blood brain barrier 
poorly however when administered in the 
epidural space it diffuses out of the space 
slowly- longer duration

• Methadone has a tendency to accumulate 
when administered chronically

• Rate of absorption of intramuscular and 
subcutaneous route is much slower than 
intravenous route

• The oral absorption of opioids is subject to 
significant first pass liver metabolism via 
the portal venous system- therefore oral 
doses are usually higher than those of 
parental route

• Side effects of opioids: constipation, 
urinary retention,nausea, sedation, 
pruritus, miosis, confusion, euphoria, 
hypotension and respiratory depression



Important Drug Interactions

• Sedatives, hypnotics or antipsychotics  
may increase sedation and respiration 
depression

Sedatives

• An effective sedative (anxiolytic) agent 
should reduce anxiety and exert a calming 
effect

• A hypnotic drug should produce drowsiness 
and encourage the onset and maintenance of 
sleep

• The benzodiazepines are the most widely 
used sedative- hypnotic drugs

• The rates of absorption of these drugs differ 
depending on a number of factors



• Lipid solubility plays a major role in 
determining the rate at which a particular 
sedative-hypnotic enters the central 
nervous system

• All sedative hypnotic drugs bind to plasma 
proteins

• Choral hydrate increases the 
anticoagulant effects of warfarin by 
displacement of the anticoagulant drug 
from the binding sites

• Metabolic transformation to more water-
soluble metabolites is necessary for 
clearance of sedative-hypnotics from the 
body

• Hepatic metabolism accounts for  the 
clearance of all benzodiazepines

• The water soluble metabolites of 
benzodiazepines are excreted mainly via 
the kidney



Antipsychotic Drugs

• Most antipsychotic drugs are readily but 
incompletely absorbed

• Many undergo significant first pass 
metabolism

• Most are highly lipid soluble and protein 
bound

• They tend to have large volumes of 
distribution

• Prolonged occupancy of dopamine D2
receptors in the brain

• Most antipsychotic drugs cause 
unpleasant subjective effects in 
nonpsychotic people

• Choice among antipsychotic drugs is 
based mainly on differences in 
pharmacologic properties, side effects and 
differences in efficacy
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Etiology of Agitation

• Anxiety
• Pain
• Delirium

Classification of Commonly 
Used Sedative Agents

• Benzodiazepines
• Opioids
• Alkylphenols
• Butyrophenones
• α2 agonists



Benzodiazepine Effects

• Anxiolysis
• Amnesia
• Hypnosis
• Muscle relaxation 
• Anticonvulsant

Adverse Effects of 
Benzodiazepines

• Minimal cardiovascular suppression
• Dose-dependent decrease in respiratory 

drive



Benzodiazepine Metabolism and 
Elimination

Glucoronidation
Liver, kidney, 
small bowelLorazepam

RenalLiverMidazolam

RenalLiverDiazepam

RenalLiverChlordiazepoxide

Route of 
Elimination

Site of 
Metabolism

Drug

Benzodiazepine Pharmacokinetics

0.5-1           2-41-26Midazolam

2-6             4-8              10-152Lorazepam

1-2              >241-210Diazepam

1-2             >241-225Chlordiazepoxide

Duration of Action
Acute (hr) Chronic

Onset
(Min)

Equivalent 
Dose (mg)

Drug



Benzodiazepine Antagonist

Flumazenil
– T1/2β ~ 1 h
– Bolus

• 0.2 mg q2-3 min (max dose 1 mg)
– Infusion

• 0.5-1 mcg/kg per min

Effects of Benzodiazepine Reversal

• Partial reversal
– Decreased hypnosis
– Decreased anxiolysis

• Full reversal
– Anxiety
– Tremors
– Seizures



Opium Alkaloids (Phenanthrenes)

• Codiene
• Morphine
• Thebaine
• Papaveretum

Semisynthetic Opioids
• Diacetylmorphine (heroin)
• Dihydrocodeine
• Hydrocodone
• Hydromorphone
• Nicomorphine
• Oxycodone
• Oxymorphone



Synthetic Opioids
• Anilidopiperidines

– Fentanyl,alfentanil, sufentanil, remifentanil
• Phenylpiperidines

– Meperidine
• Diphenylpropylamine

– Propoxyphene, methadone, loperamide, 
diphenoxylate

Synthetic Opioids

• Benzomorphane
– Pentazocine

• Oripavine
– Buprenorphine

• Others
– Dezocine, tramadol

• Antagonists
– Nalmefene, naloxone, naltrexone



Opioid Effects

• Analgesia
• Sedation

Adverse Side Effects of Opioids

• Dose-dependent respiratory depression
• Decreased bowel transit time
• Pruritis, nausea, urinary retention
• Inhibition of sympathetic response



Opioid Equivalence

1000                 10 mcgSufentanil
100                 100 mcgRemifentanil
100                 100 mcgFentanyl
30                   350 mcgAlfentanil

0.1                   100 mg
8                      1.5 mg

Meperidine
Hydromorphone

1                      10 mgMorphine
Potency          Dose (approx)Drug

Opioid Pharmacokinetics

0.5-14-51-2Fentanyl

2-33-45-10Hydromorphone

2-33-43-4Meperidine

2-33-45-10Morphine

t1/2cntx(h)t1/2β (h)Onset (min)Drug



Opioid Metabolism and Elimination

No KidneyLiverFentanyl

NoKidneyLiverHydromorphone

YesKidney LiverMeperidine

YesKidneyLiverMorphine

Active 
Metabolites

Route of 
Elimination

Site of 
Metabolism

Drug

Opioid Antagonist Reversal

3-652-55-10 mg
Nalbuphine

partial

6-12102-50.5-1.0 mgfull

1-2102-50.25-1 mcg/kg
Nalmefene

partial

2-41-21-20.4-2.0 mgfull

1-21-21-240-80 mcg
Naloxone

partial                  

T1/2ctx(h)T1/2β (h)Onset 
(min)

DoseDrug



Propofol Sedation

• Alkylphenol derivative
• Drug of choice for ease of titration and 

rapid offset
• Dose dependent cardiovascular and 

respiratory depressant

Propofol Kinetics

• Onset
– 30-60 sec

• Duration of action
– 5-10 min

• Metabolism
– Primarily the liver

• Elimination 
– Kidney (t½β = 4-12 h)



Propofol Dosing

• Loading dose
– 0.5-1 mg/kg

• Maintenance dose
– 10-50 mcg/kg/min

Propofol: Adverse Effects

• Hypotension
• Respiratory depression
• Hyperlipidemia
• Metabolic acidosis
• Infection 



Dexmedetomidine

• Central α2 adrenergic receptor agonist
• Anxiolytic, hypnotic, analgesic properties
• Short-acting, must be given as an infusion
• Minimal respiratory or cardiovascular 

depression at usual therapeutic doses

Dexmedetomidine Kinetics

• Onset
– 1-2 min

• Duration
– 5-10 min

• Metabolism
– Liver

• Elimination
– kidney



Dexmedetomidine Dosing

• Loading dose
– 0.5-1.0 mcg/kg

• Maintenance
– 0.2-8 mcg/kg/h

Sedation with Haloperidol

• Drug of choice for delirium in the ICU
• No significant cardiovascular effect
• No significant respiratory depression
• Minimal drug interaction



Haloperidol Pharmacokinetics

• Onset
– 5-10 min

• T ½ β = 12-16 h
• T ½ cntx = 4-12 h

Haloperidol Dosing

• Rapid tranquilization
– 1-2 mg over 1-2 min
– Double dose every 20 min until sedated

• Maintenance
– Administer dose equivalent to amount before 

effective dose
– Initially every 2-4h, eventually 8-12h



Haloperidol: Adverse Side Effects

• Extrapyramidal reactions
• Confusion, hallucinations, ileus
• Seizures
• Hypotension
• Neuroleptic malignant syndrome
• Prolonged QT-syndrome

Comparative Therapeutic Effects

2222Dexmedetomidine

1121Haloperidol*

4033Propofol

2422Opioid

3044Benzodiazepine

HypnosisAnalgesiaAmnesiaAnxiolysisDrug

Maximal Effect (range 0-4)

*Only drug with anti-delirium effect



Cardiopulmonary Effects of Sedative/Hypnotics

Heart Con- CO2 O2
Drug Rate SVR tractility Drive Drive

Midazolam 0 0↓ 0 0↓ 0↓

Propofol 0↓ ↓ ↓ ↓ ↓ ↓

Fentanyl 0 0 0 ↓↓ ↓↓

Dexmedatomidine ↓ 0 0 0↓ 0↓

Haloperidol 0↓ 0↓ 0↓ 0 0

Indications for Continuous Infusions

• Narrow therapeutic window
• Short-acting drug
• Rapid offset
• Frequent need for bolus doses
• Requirement for steady-state levels



Antibiotic Therapies
•Elizabeth Scruth, RN, MN, 

MPH, CCNS, CCRN
• Eugene Y Cheng, MD, FCCM

Antibiotics

• Initiation of empirical therapy should follow a 
specific and systematic response:
1) Formulate a clinical diagnosis of microbial 

infection
2) Obtain specimens for laboratory examination
3) Formulate a microbiologic diagnosis
4) Determine the necessity for empirical therapy



• Staphylococcus aureus is a Gram positive 
organism with which all persons are 
colonized

• Causes 12% of all hospital acquired 
infections

• Pseudomonas aeruginosa, Escherichia 
coli, Klebsiella pneumonia, Acinetobacter 
species and S. aureus are common 
pathogens causing hospital acquired 
pneumonia, health care associated 
pneumonia and ventilator acquired 
pneumonia



• It is common in the ICU to cover for gram positive 
and gram negative organisms to begin with

• Once culture results are know, antibiotic therapy 
becomes pathogen specific

• Once a patient becomes infected with MRSA and/or 
VRE the following usually occurs- it is not 
uncommon for MRSA to reappear in future cultures-
especially in the respiratory tract. For VRE, 
colonization in the GI tract appears to be prolonged

Common Antibiotics used in the ICU

• Aminoglycosides:
– Gentamycin
– Tobramycin

• Beta Lactam Antibiotics:
– Aztreonam
– Cefotetan
– Cefoxitin
– Imipenem
– Meropenem



• Cephalosporins:
– Cefaclor

– Cefazolin

– Cefotaxime

– Ceftazidime

– Ceftzoxime

– Cefriaxone

– Cefuroxime

• Macrolides:
– Erythromycin

• Quinolones:
– Ciprofloxacin

• Tetraclyclines:
– Doxycycline

• Penicillins:



Antimicrobial Use

Days to weeksOrganism/site directed

Days to weeksEmpiric therapy

Period of riskMedical prophylaxis

<24hSurgical prophylaxis

DurationIndication



Determinants for 
Antimicrobial Selection

• Concomittant disease states
• Site of infection
• Impaired elimination
• Age
• Pregnancy status
• Drug interaction
• Organism sensitivity

Empiric Antibiotic Therapy

Cephalosporin
or Extended PCN

Sepsis

Cephalosporin or extended 
PCN + fluoroquinolone or 
carbapenem and vancomycin

Nosocomial infection

Cephalosporin or extended 
PCN + fluoroquinolone or 
carbapenem only

Septic shock

Cephalosporin
and Macrolide

CAP
Commonly Used Empiric Condition



Important Microbiology Terms

• MIC 
(Minimal Inhibitory Concentration)
– Lowest concentration of an antimicrobial that 

will inhibit growth of a microorganism 
– Helps determine antibiotic selection

Important Microbiology Terms

• MBC 
(Minimal Bactericidal Concentration)
– Lowest concentration of antibiotic required to 

kill an organism 



Important Microbiology Terms

• Antimicrobial sensitivity testing
– Qualitative-zone of inhibition 

(sensitive, intermediate, resistant)
– Quantitative-MIC determination by serial 

dilution technique

Important Microbiology Terms

• Breakpoint
– Effective antibiotic concentration level based 

on MICs, kill curves and post-antibiotic sub-
MIC effect values 
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