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Chapter 9: Shock, Sepsis, and Multiple Organ 
Dysfunction Syndrome 
 

Lecture 

 

I. Introduction 
 Time: 3 Minutes 

 Slides: 1–2 

 Lecture/Discussion 

A.  Shock, sepsis, and multiorgan dysfunction syndrome (MODS) are complex disorders that 
affect the body in multifaceted dimensions. 
1.  All share breakdown in oxygen supply and demand 

a.  A cascade of unfortunate events begins with localized tissue damage and may 
eventually progress to organ failure and death. 

b.  Knowledge of basic physiology of how cell and microcirculation function is 
essential for CCTP 

 
 

II. Cellular Respiration 
 Time: 8 Minutes 

 Slides: 3–7 

 Lecture/Discussion 

A.  All cells require a continuous supply of oxygen, glucose, and other nutrients for normal 
metabolic function and homeostasis. 

B.  Energy is required to maintain cellular metabolic processes. 
1.  Mitochondria take nutrients and manufacture them into energy in the form of adenosine 

triphosphate (ATP) 
a.  Primary energy-carrying molecule in the body 
b.  Manufactured via cellular respiration 
c.  Includes three parts: 

i.  Glycolysis  
ii.  Citric acid cycle  
iii.  Electron transport chain (oxidative phosphorylation) 

2.  The citric acid cycle and the electron transport chain can only work in the presence of 
oxygen to break down glucose. 

3.  Glycolysis can happen in aerobic or anaerobic environment 
a.  Lack of aerobic environment causes reduction in ATP, increased lactic acid 

4.  This conversion from ATP to ADP is crucial for supplying the energy required for 
biologic functions. 

5.  Aerobic metabolism 
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a.  Mitochondria utilize glucose, amino acids, and fatty acids combined with oxygen 
and ADP to produce: 

i.  ATP 
ii.  Carbon dioxide 
iii.  Water 
iv.  Heat 

b.  Energy stored as ATP 
i.  Carbon dioxide eliminated via respiratory tract 

6.  Anaerobic metabolism 
a.  Alternative pathway converts glucose to pyruvic acid and produces ATP 
b.  Less ATP results  

 
 

III. The Microcirculation and the Cell 
 Time: 5 Minutes 

 Slides: 8–10 

 Lecture/Discussion 

A.  Understanding the imbalance between oxygen supply and demand is critical to 
understanding the pathophysiology of shock, sepsis, and MODS. 
1.  Pathophysiology can be compared with mechanisms of injury in trauma. 

a.  Microcirculation: Nexus between arterioles and venules consisting of the 
capillaries that course between cells of the various organs 

b.  Size of the conduits is large enough to allow passage of a single red blood cell 
c.  In shock, sepsis, and MODS: “Crash site” hidden deep at cellular level 

B.  Oxygen transport and utilization 
1.  Homeostasis requires supply of oxygen sufficient to meet body’s cellular demands 

a.  Each of the body’s systems must be intact and functioning normally.  
b.  The respiratory system must allow oxygen and carbon dioxide exchange across 

the alveolar-capillary membrane. 
c.  Arterial blood transports oxygen to the tissues. 

i.  1 g of hemoglobin carries approximately 1.39 mL of oxygen. 
d.  If the hemoglobin level is low, blood should be administered to optimize oxygen-

carrying capacity. 
i.  Arterial oxygen content (CaO2) formula 

2.  Cardiovascular system delivers oxygen-rich blood to the tissues 
a.  Primary determinants of transport are blood pressure and cardiac output. 
b.  Systolic blood pressure depends primarily on cardiac output (CO). 
c.  Cardiac output is dependent on heart rate and the components of stroke volume. 
d.  Diastolic blood pressure depends on peripheral resistance. 

i.  Determined by arteriolar vasoconstriction 
e.  Blood pressure is necessary in calculating the mean arterial pressure (MAP). 
f.  The amount of oxygen delivered to the tissues each minute is reflected in oxygen 

delivery (DO2). 
3.  When the oxygen-bound hemoglobin reaches the capillaries, oxygen is released from 

the hemoglobin to the cells in exchange for cellular waste. 
a.  The amount of oxygen used by the cells and tissues is reflected in oxygen 

consumption (VO2). 
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b.  Under certain circumstances, oxygen will more readily be extracted from 
hemoglobin or be bound to hemoglobin 

i.  Hemoglobin’s affinity for oxygen 
ii.  Dependent on PaO2, blood pH, level of carbon dioxide in blood, ambient 

temperature, and effects of BPG 
4.  It is the responsibility of the cells to utilize the oxygen. 

a.  Oxygen extraction ratio (ERO2) 
b.  Only 25% of delivered oxygen actually extracted 
c.  Normal SvO2 when measured in pulmonary artery is approximately 75%. 

 
 

IV. Shock 
 Time: 9 Minutes 

 Slides: 11–16 

 Lecture/Discussion 

A.  Shock is a whole-body response to an inadequate supply of oxygen within cells, tissues, 
and organs from one or multiple causes. 
1.  Begins at cellular level 
2.  Classified in four stages 

a.  Initial (early shock) 
b.  Compensatory 
c.  Decompensatory (progressive shock) 
d.  Irreversible (refractory shock) 

B.  Initial stage 
1.  Begins as blood flow into the microcirculatory beds decreases to a point that oxygen 

delivery to the cells falls below levels required to maintain normal aerobic cellular 
function. 

a.  Tissues consume as much available oxygen as possible, increasing oxygen 
consumption. 

2.  Hypoxia develops. 
a.  Lactate and carbon dioxide levels rise. 

3.  Cells cannot maintain homeostasis. 
a.  Impairs microcirculatory flow to heart, brain, adrenal glands 
b.  Organ failure results in rapid death 

4.  Signs and symptoms subtle 
a.  Heart rate and respiratory rate may increase 
b.  MAP may fall somewhat 
c.  Compensatory mechanisms able to return these values to baseline 

C.  Compensatory stage 
1.  Begins as body uses its own physiologic mechanisms to maintain cellular homeostasis 

a.  Can be divided into neural, hormonal, and chemical 
b.  Sympathetic nervous system controls 

2.  Oxygen delivery to tissues already severely reduced 
a.  Patient tachypneic in attempt to take in more oxygen while exhaling excess 

carbon dioxide 
3.  Heart and circulatory system simultaneously work to maintain cardiac output 
4.  Renin-angiotensin-aldosterone system activated in response to low arterial pressures 
5.  Low arterial pressures trigger posterior pituitary gland to release antidiuretic hormone 
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6.  Body’s ability to compensate for shock often masks what is occurring at cellular level 
a.  Examples: low circulatory volume, poor stroke volume, inadequate CO 

7.  Transport treatment of compensated shock includes: 
a.  Administering high-flow oxygen 
b.  Performing good ventilator management 
c.  Providing fluid replacement depending on cause 

D.  Progressive or decompensatory stage 
1.  Shock will progress to an uncompensated state if the underlying cause remains 

untreated. 
a.  Compensatory mechanisms fail to supply much-needed oxygen to cells 
b.  Patients have more pronounced signs of shock 

2.  Clinical picture develops for many reasons, including: 
a.  Hypotension becomes more prominent 
b.  Hydrostatic pressure increases, causing edema and third spacing 
c.  Microemboli develop, increasing ischemia in tissues and organs 
d.  Disseminated intravascular coagulation (DIC) may occur in critically ill patients. 
e.  Anaerobic metabolism increases 

i.  Acidic environment 
3.  The progressive stage of shock is a life-threatening emergency requiring immediate 

treatment. 
a.  Targeted at underlying cause of shock 
b.  Fluid resuscitation and vasopressor support necessary early 

E.  Refractory or irreversible stage 
1.  Compensatory mechanisms have failed. 

a.  Anaerobic metabolism progresses to permanent organ dysfunction as cells die.  
b.  Treatment options fail to reverse mass effects  
c.  Multiple organ failure ensues 
d.  Mortality rate at its highest 

2.  Patient condition includes: 
a.  Unresponsive to verbal stimuli 
b.  Inadequate blood pressure  
c.  Increased heart rate  
d.  Increased respiratory rate 
e.  Shallow respirations  
f.  Cold, cyanotic skin 

 
 

V. Multiple Organ Dysfunction Syndrome 
 Time: 3 Minutes 

 Slides: 17–18 

 Lecture/Discussion 

A.  MODS diagnosed when two or more organs stop functioning 
1.  Two types: 

a.  Primary MODS results from a direct insult such as trauma. 
b.  Secondary MODS is a slower, more progressive insult to organs. 

i.  More common 
ii.  Sepsis cascade 

2.  High mortality rates 
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a.  22% to 33% chance of recovery: two organs 
b.  100% mortality: four or more organs 

3.  Organs affected early include brain, kidneys, liver, adrenal glands, heart 
a.  Kidneys stop when MAP drops 
b.  Liver key manager of the homeostatic process 
c.  Brain experiences ischemia, may cause anoxic brain injury 
d.  Heart response includes unmanageable hypotension, bradycardic arrhythmias, 

ventricular tachycardia, ventricular fibrillation 
e.  Pancreas releases myocardial depressant factor 
 

 

VI. Classification of Shock 
 Time: 11 Minutes 

 Slides: 19–25 

 Lecture/Discussion 

A.  Cardiogenic shock 
1.  Failure of the heart to pump blood effectively; includes: 

a.  Sustained systolic blood pressure of 80 to 90 mm Hg for greater than 30 minutes 
b.  MAP 30 mm Hg below baseline or less than 65 mm Hg over time 
c.  Severe reduction in cardiac index 
d.  Elevated ventricular filling pressure  

2.  Diagnosis usually made using PA catheter 
a.  Some institutions use echocardiography instead  

3.  Intrinsic causes include: 
a.  Left ventricular failure as result of large myocardial infarction (MI) 
b.  Right ventricular failure 
c.  Valvular disorders 
d.  Cardiomyopathies 
e. Septal defects 
f.  Papillary muscle rupture 
g.  Sustained arrhythmias 

4.  Extrinsic causes include: 
a.  Pericardial tamponade 
b.  Effusion 
c.  Pulmonary emboli 
d.  Tension pneumothorax 

5.  Populations at the greatest risk of developing are: 
a.  Elderly patients 
b.  Patients with history of diabetes mellitus 
c.  Patients with history of MI with an ejection fraction of less than 35% 

6.  Mortality rates 
a.  Formerly very high (80%) 
b.  Newer treatment modalities have greatly improved risk stratification (50%) 

7.  Five major determinants of myocardial oxygen consumption include: 
a. Contractility 
b.  Preload 
c.  Wall tension 
d.  Afterload 
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e.  Heart rate 
8.  Manifestations vary depending on the underlying cause. 

a.  Poor CO 
b.  Low blood pressure (systolic blood pressure of 90 mm Hg or mean arterial 

pressure 30 mm Hg below baseline) 
c.  Altered mental status 
d.  Cool, pale, diaphoretic skin 
e.  Decreased urine output 
f.  Weak and thready pulse 
g.  Distant or abnormal S3 or S4 heart sounds 
h.  Fluid accumulation in the lungs or limbs 
i.  Tachypnea 

9.  Treatment and transport management 
a.  Perform simple procedures to relieve the cause, including: 

 i.  For cardiac tamponade, perform pericardiocentesis if allowed per 
protocols. 

ii.  For tension pneumothorax, also perform needle decompression and chest 
tube therapy. 

b.  Provide high-flow oxygen. 
c.  Eliminate chest pain. 
d.  Reduce anxiety. 
e.  Perform hemodynamic and cardiac monitoring. 
f.  Provide antiarrhythmics if arrhythmias are present. 
g.  Provide judicious fluid therapy. 
h.  Consider administering vasopressors to physician-ordered parameters. 
i.  Consider administering inotropic agents to physician-ordered parameters. 

i.  Use with caution. Research shows that high doses of inotropic support 
lead to a higher incidence of mortality. 

j.  Consider administering diuretics. 
k.  Consider using agents to decrease afterload. 
l.  Insert an indwelling urinary catheter to monitor urinary output. 

B.  Hypovolemic shock 
1.  Caused by too little circulating blood volume within vascular system, resulting in 

hypotension 
a.  May be present when blood or fluid is lost or displaced internally or externally 
b.  Conditions associated with it include: 

i.  Fever 
ii.  Vomiting and diarrhea 
iii.  Hemorrhage 
iv.  Burns 
v.  Excessive third spacing 

2.  Signs and symptoms include: 
a.  Tachycardia 
b.  Hypotension 
c.  Signs of poor tissue perfusion  

i.  Pallor 
ii.  Delayed capillary refill 

d.  Confusion 
e.  Anxiety 
f.  Cold, mottled, and pulseless extremities 
g.  Decreased mentation 
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3.  Hematocrit value decreases with hemorrhage 
4.  When caused by hemorrhagic trauma, classified into four classes 

a.  American College of Surgeons Committee on Trauma 
b.  Each has own specific characteristics and treatments 

5. Treatment and transport management 
a.  Treat the underlying condition. 
b.  Administer oxygen. 
c.  Maintain the airway and ensure optimal ventilation. 
d.  Initiate volume replacement. 

i.  Normal saline or lactated Ringer’s preferred, in 250- to 500-mL 
increments 

e.  Administer vasopressors if hypotension is refractory to fluid resuscitation. 
f.  Administer blood products early if hemorrhage is suspected. 

i.  Per American College of Surgeons, start blood products in class III and 
IV hemorrhage after an initial 2 L of isotonic solution is administered.  

ii.  Colloids have not shown to be of any more benefit than crystalloids; not 
typically recommended 

C.  Distributive shock 
1.  Neurogenic shock 

a.  Caused by loss of sympathetic tone 
i.  Trauma to brain  
ii.  Trauma to spinal cord above thoracolumbar spinal cord T6 level 
iii.  Pharmacologic agents 

b.  Signs and symptoms 
i.  Relative hypovolemia as the result of vasodilation 
ii.  Bradycardia 
iii.  Significant drop in blood pressure 
iv.  Normal pulse pressure 
v.  Decreased CVP/RAP 
vi.  Decreased PCWP 
vii.  Decreased CO/cardiac index 
viii. Significant drop in the SVR/SVRI 
ix.  Decreased SvO2 
x.  Decreased urinary output 
xi.  Pink, warm, dry skin 

c.  Treatment and transport management 
i.  Maintain MAP at greater than 70 mm Hg and/or systolic blood pressure 

at greater than 90 mm Hg. 
ii.  Consider administering vasopressors.  
iii.  Administer inotropic agents and vasopressors if traditional fluid 

resuscitation is insufficient to maintain MAP. 
iv.  Initiate fluid therapy with isotonic crystalloids.  
v.  Consider colloids if large volumes of crystalloid solutions are required to 

maintain blood pressure. 
vi.  Maintain the heart rate (increase heart rate via pacemaker therapy or 

atropine administration). 
2.  Anaphylactic shock 

a.  Severe, life-threatening allergic reaction producing systemic vasodilation in 
response to histamine release 

b.  Numerous possible antigens, including: 
i.  Diagnostic agents 
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ii.  Foods 
iii.  Bites 
iv.  Stings 
v.  Chemical agents 
vi.  Several classes of medications 

c.  True anaphylaxis  
i.  Allergen binds to IgE on cell membranes of basophils and mast cells. 
ii.  Stimulates release of histamine from cell 

d.  Anaphylactoid reaction 
i.  Non–IgE-mediated response  
ii.  Causes rupture of mast cells and basophils which release histamine and 

other defense mediators 
iii.  Can give same reactions as true shock without prior exposure 

e.  Signs and symptoms 
i.  Increased heart rate 
ii.  Decreased blood pressure 
iii.  Narrow pulse pressure 
iv.  Decreased CVP/RAP 
v.  Decreased PCWP 
vi.  Decreased CO/cardiac index 
vii.  Decreased SVR/SVRI 
viii. Decreased SvO2 
ix.  Decreased urinary output 
x.  Flushed skin that is warm to hot, with pruritis and hives  
xi.  Bronchoconstriction 
xii.  Laryngeal edema 
xiii. Angioedema 
xiv. Airway compromise 

f.  Treatment and transport managements 
i.  Administer oxygen. 
ii.  Maintain an adequate airway. 
iii.  Remove the allergen that caused the reaction. 
iv.  Administer epinephrine. 
v.  If patient is taking beta-blockers, administer glucagon. 
vi.  Initiate fluid therapy early with normal saline to maintain MAP of 

greater than 70 mm Hg or a systolic blood pressure of greater than 90 
mm Hg. 

vii.  Administer vasopressor agents if crystalloid therapy is inadequate for 
maintaining CO. 

viii. Consider other pharmacologic treatments. 
ix.  Perform cardiac monitoring. 
x.  Observe for a possible second-phase reaction. 

3.  SIRS, sepsis, and septic shock 
a.  Septic shock is a progressive disease, typically results from infection 

i.  Localized infection that progresses into widespread inflammatory 
process 

b.  Systemic inflammatory response syndrome (SIRS) 
c.  When hypotension develops, septic shock is present. 
d.  Any shock state can cause the beginning of SIRS and lead to sepsis before 

reaching multiple organ failure. 
i.  Sepsis leading causes of MODS 
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VII. Sepsis 
 Time: 18 Minutes 

 Slides: 26–37 

 Lecture/Discussion 

A.  Overview 
1.  Terminology associated with sepsis continues to evolve. 

a.  American College of Chest Physicians and the Society of Critical Care Medicine 
published definitions for systemic inflammatory response syndrome (SIRS) in 
1992, 2001 

2.  SIRS  
a.  Defined as widespread inflammatory process associated with infectious and 

noninfectious causes 
b.  Triggers for its development include: 

i.  Acute respiratory distress syndrome (ARDS) 
ii.  Burns 
iii.  Pancreatitis 
iv.  Intestinal endotoxin 
v.  Major trauma 

c.  Four minimum criteria used for early recognition; requires at least two of the 
following markers:  

i.  Temperature 
ii.  Heart rate 
iii.  Respiratory rate 
iv.  White blood cell (WBC) count 

3.  Sepsis definitions 
a.  Sepsis: Mild systemic response to an infection or a suspected infection 

i.  Implies bacterial infection 
ii.  25% of patients have no identifiable source of infection 

b.  Severe sepsis: Sepsis with confirmed or highly suspected diagnosis of infection 
and organ dysfunction of at least one organ 

c.  Septic shock  
i.  Hemodynamic instability with SIRS 
ii.  Confirmed or highly suspected source of infection that is unresponsive to 

fluid resuscitation 
B.  Epidemiology 

1.  The prevalence of sepsis-related infections is increasing. 
a.  Decade up to 2000 reported 66.3% increase in the number of sepsis-related 

illnesses 
b.  By 2020, 1.1 million new cases of sepsis in the United States predicted (CDC) 

2.  Sepsis affects all populations and age groups. 
3.  The mortality rates for severe sepsis is 28.6%. 

a.  Severe sepsis is the leading cause of death in non–coronary intensive care units. 
b.  Severe sepsis is the 10th leading cause of death in United States. 
c.  751,000 cases annually 

4.  Sepsis poses challenge to medical community, despite sophisticated technologies, 
advancements in medical therapies 
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a.  Personnel must know risk factors, such as prolonged hospitalization. 
C.  Pathophysiology 

1.  Activation of the immune system elicits a cell-mediated response through: 
a.  Production of T cells in thymus gland  
b.  Humoral response through B lymphocytes in plasma 

2.  Innate immune system  
a.  First line of defense 
b.  Poses generalized, fast-acting response to antigen recognition 

3.  Adaptive immune system 
a.  More precise response to specific antigens 
b.  Requires more time to mobilize defense if pathogen unknown 
c.  Relies on previous exposure to pathogens and lymphocyte memory cells 

4.  Pathogens 
a.  Microorganisms responsible for activating the immune system 
b.  Bacteria are most commonly associated with development of sepsis. 
c.  Fungi, viruses, parasites can also cause sepsis 
d.  Pathogen recognized in body when its antigen binds to special cells within 

immune system 
i.  Self antigens (normal flora) 
ii.  Nonself antigens 

e.  Infectious agents may produce endotoxins and exotoxins that alter the living cells 
and ultimately destroy them. 

f.  Pathogen identified as nonself activates immune system, causing cascade of 
events  

5.  Infection 
a.  Invasion of host by pathogen or multiple pathogens 
b.  Natural barriers: First line of defense 

i.  Examples: skin, mucous membranes, gastrointestinal tract 
c.  First response: Innate immune system stimulates inflammatory process 

i.  Blood vessels dilates, increasing blood flow to the area 
ii.  Vascular permeability increases, facilitating influx of fluid and plasma 

cells  
iii.  WBCs (neutrophils) adhere to inner walls of vessels, then immigrate 

through vessel walls to injury site 
d.  Inflammation occurs when chemical mediators (cytokines) are released from 

injured cells in response to tissue insult. 
i.  Helps contain injury, allowing phagocytes and complement system to 

clean up area 
e.  B lymphocytes initiate acute response when memory cells recognize pathogen 
f.  Helper T cells activate B cells to form antibodies, begin establishing memory for 

new, specific antigens 
g.  Vasodilation and increased capillary permeability activate clotting pathways. 

6.  Systemic infection 
a.  Activate widespread inflammatory response throughout body 
b.  Completely overwhelm and “confuse” immune system 
c.  Three identifiable physiologic processes involved with development of 

microvascular abnormalities associated with severe sepsis 
i.  Proinflammation 
ii.  Procoagulation 
iii.  Decreased fibrinolysis 

d.  Normal inflammatory modulators are disrupted in SIRS and sepsis 
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i.  Key contributors: tumor necrosis factors, interleukins 1 and 6, other 
cytokines 

ii.  Activate neutrophils 
iii.  Inhibit selection 

e.  Inflammatory process and complement cascade damage endothelium 
i.  Causes small clots to form in capillaries that inhibit cellular respiration, 

and cause more cell damage 
ii.  DIC results 
iii.  Coagulation system becomes self-sustaining, results in thrombosis and 

dangerous deposition of fibrin clots in small blood vessels throughout 
body 

f.  Decreased fibrinolysis, the process of clot dissolution or lysis occurs in sepsis. 
i.  Inactivates plasmin with antiplasmins 
ii.  PAI-1 stops conversion of plasminogen to plasmin in extrinsic, intrinsic 

pathways; correlated with high mortality rates 
g.  Summary of process 

i.  Microvascular disruption and injury responsible for hypoperfusion and 
shunting of oxygen, resulting in decreased oxygen delivery to the tissues 

ii.  Profound imbalance between oxygen delivery and consumption causes 
hypoxia within cell and tissue. 

iii.  Complex cascade of events the primary cause of severe sepsis, 
progression to organ dysfunction and failure 

D.  Assessment 
1.  Distributive shock caused by sepsis differs from other shock states in that it has two 

phases. 
a.  Phase one: Hyperdynamic state or warm shock 

i.  High-cardiac-output state that may last for hours or days 
ii.  May progress to hypodynamic shock when patient’s condition rapidly 

deteriorates with sudden drop in cardiac output 
iii.  Better prognosis than cold shock 

b.  Phase two: Hypodynamic state, or cold shock 
2.  First priority in recognizing sepsis to maintain high index of suspicion  

a.  Includes thorough patient history correlated with patient presentation 
b.  Infection not required for sepsis 

i.  Specimen cultures to identify pathogen 
ii.  If identified, begin direct antimicrobial therapy 

c.  Fever may indicate infection, but not in all population groups like:  
i.  Geriatric, newborn, infant 

d.  Cardiovascular and respiratory organs hardest hit in severe sepsis and septic 
shock 

3.  Signs and symptoms 
a.  Distributive shock  

i.  Beginning with hyperdynamic shock 
ii.  Progressing to hypodynamic  

b.  Infection confirmed or highly suspicious 
c.  Fever may or may not be present 
d.  Hypothermia may be present in later stages 
e.  Cardiovascular changes 
f.  Significantly lowered SVR 
g.  Tachycardia 
h.  Normal to low-normal blood pressure initially; hypotension once in septic shock 
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i.  Normal skin color, normal mucous membrane color, but warm skin initially 
j.  Cold, clammy skin with pallor or cyanosis when sepsis is more progressed 
k.  Petechiae 
l.  Blood oozing from mucous membranes and procedure sites 
m.  Decreased pulse pressure 
n.  Increased respiratory rate 
o.  Increased respiratory depth 
p.  Respiratory alkalosis 
q.  ARDS 

i.  Mild hypercapnia allowed in patients with sepsis as long as low tidal 
volumes and pressure limits are controlled 

4.  Definitions of ALI and ARDS include:  
a.  Acute onset of respiratory failure 
b.  Diffuse bilateral infiltrates evident on chest radiography 
c.  Absence of left atrial hypertension  

i.  PCWP less than 18 mm Hg  
ii.  Or no clinical evidence of left atrial hypertension 

d.  Hypoxemia, defined as PaO2/SaO2 of 300 or less for ALI or PaO2/SaO2 of 200 or 
less for ARDS 

5.  Hyperlactatemia common in patients with severe sepsis or septic shock 
a.  Serum lactate levels rise early as result of anaerobic metabolism 

E.  Management 
1.  Early recognition and management are vital for a positive patient outcome. 

a.  Primary goal to maintain organ perfusion while enhancing tissue oxygenation 
b.  Target criteria for maintenance levels include:  

i.  MAP greater than 70 mm Hg or systolic blood pressure greater than 90 
mm Hg 

ii.  SvO2 greater than 70%  
iii.  CVP of 8 to 12 mm Hg  
iv.  Urine output greater than 0.5 mL/kg/h  
v.  SaO2 greater than 93% 
vi.  Cardiac index of 2.5 to 4.0 L/min/m2 

2.  Fluid resuscitation 
a.  Initial resuscitation includes volume expansion to optimize CO. 

i.  Isotonic crystalloids 
ii.  Colloid therapy if signs of fluid overload develop 
iii.  Infusion of packed red blood cells if hemoglobin level drops below 7.0 

g/dL 
3.  Vasopressor and inotropic support 

a.  Fluid therapy is not always sufficient to maintain blood pressure 
b.  Start vasopressors if two 20-mL/ kg fluid challenges are inadequate to maintain 

blood pressure; most commonly used are: 
i.  Norepinephrine  
ii.  Dopamine 

c.  Dobutamine 
i. Inotropic agent beneficial in treating cardiac depression associated with 

sepsis 
ii.  Used in conjunction with norepinephrine 

d.  Other vasopressors for severe sepsis include: 
i.  Phenylephrine 
ii.  Epinephrine 
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iii.  Vasopressin 
4.  Infection control 

a.  Antibiotic therapy initiated with broad-spectrum antibiotics 
b.  Should begin within first hour of suspecting sepsis to minimize mortality 
c.  Also requires therapy to remove potential sources 

i.  Wound debridement 
ii.  Abscess drainage 
iii.  Device removal 

5.  Immune-specific therapy 
a.  Corticosteroids 

i.  Used when hypotension requires use of vasopressive agents 
ii.  Obtain baseline data for cortisol levels or adrenocorticotropic hormone 

stimulation test before beginning treatment 
iii.  Goal to achieve same physiologic level of glucocorticoids in blood 

present under normal conditions 
b.  Recombinant human activated protein C 

i.  Drotrecogin alfa (activated) relatively new pharmacologic agent used in 
treatment 

ii.  Interfacility transport personnel unlikely to see this agent 
 
 

VIII. Blood Administration 
 Time: 20 Minutes 

 Slides: 38–50 

 Lecture/Discussion 

A.  Blood administration considerations 
1.  Perform risk-benefit analysis regarding the “right treatment for the right patient at the 

right time.”  
a.  Urgency of transfusion 
b.  “Out-of-hospital” time 
c.  Availability of blood products 
d.  Type-and-crossmatch information 
e.  Appropriate transport and care of blood product  

2.  Blood administration may be required to: 
a.  Restore circulating blood volume 
b.  Improve oxygen-carrying needs 
c.  Correct specific coagulation components 

3.  Forms include: 
a.  Whole blood 

i.  Uncommon, expensive 
b.  Red blood cells 
c.  White blood cells 
d.  Platelets 
e.  Cryoprecipitate 
f.  Other blood products 

4.  Need to consider blood administration includes: 
a.  Hemorrhagic blood loss as a result of trauma 
b.  Internal hemorrhage 
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c.  Perioperative and postoperative complications 
d.  Specific disease entities  

i.  Leukemia or other cancers 
ii.  Anemia due to illness 
iii.  Coagulation disorders 

5.  Many critical care transport programs carry type O blood for field pickups or will take 
matched blood with the patient from outlying hospitals 

a.  Rural hospitals may have limited resources 
6.  Time a factor in transport decisions surrounding critically ill or injured patient 

a.  Waiting for blood products may lengthen time to definitive care at tertiary care 
center 

b.  Consider out-of-hospital time for the patient 
7.  Blood administration can result in undesirable complications such as transfusion 

reactions. 
8.  Regulated in some states 

a.  Transfusion of blood or blood products is a form of human tissue transplantation. 
9.  Care of the blood products must be considered if the transfusion is not initiated before 

transport. 
a.  Blood and blood products must stay cold 
b.  Blood banks have strict policies  
c.  Consider risk of wasting scarce resource 

10.  Blood administration requires skilled health care provider with knowledge and 
experience in blood product administration. 

11.  Follow steps for proper blood administration. 
B.  ABO system 

1.  History of blood administration 
a.  Blood transfusions possible in early 1900s when A, B, O, AB types discovered 
b.  First US blood bank 1937 
c.  Blood component therapy surpassed use of whole blood by 1970s 

2.  Blood antigens 
a.  Three main antigens include: 

i.  ABO blood group 
ii.  Rh factor 
iii.  Human leukocyte antigen blood group 

b.  Identification and compatibility of ABO grouping most important step in type 
and crossmatch process 

c.  Incompatibility causes hemolysis 
3.  ABO method of blood typing 

a.  Identifies antigens A and B 
i.  Type A 
ii.  Type B 
iii.  Type AB: least common; 5% of population 
iv.  Type O: most common type 

4.  Blood transfusion reaction 
a.  Person with antigens to a blood type receives that type 
b.  ABO-incompatible transfusion reactions 
c.  People with type AB blood do not have any antibodies  

i.  Universal recipients 
d.  People who have type O blood are universal donors for people with types A, B, 

AB 
i.  Can only receive type O themselves 
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e.  Patients should receive transfusions of their own blood type to minimize 
reactions 

i.  Type O, Rh-negative blood or plasma can be transfused in emergencies 
until crossmatched blood available 

5.  Rh factors 
a.  Antigens found on cell membrane of red blood cells 
b.  People who have considered Rh-positive 

i.  85% US population 
c.  People without considered Rh-negative 

i.  No natural Rh antibodies exist 
6.  Human leukocyte antigen (HLA) 

a.  Present on cell membrane surface of circulating platelets, white blood cells, most 
tissue cells 

b.  Patients receiving platelets from multiple donors may experience febrile 
transfusion reactions in relation to HLA 

i.  HLA-matched platelet transfusions dramatically diminish reaction 
C.  Blood products 

1.  Blood components and derivatives 
a.  Whole blood contains all blood components 

i.  May cause fluid volume overload in patients with cardiac compromise 
ii.  Degrades after 24 hours of storage 
iii.  Must be ABO matched with recipient due to antibodies 

b.  Packed red blood cells (PRBCs) retain all characteristics of whole blood except 
approximately 250 mL of platelet-rich plasma 

i.  Anemia and blood loss possible indications  
D.  Platelets 

1.  Blood components developed in bone marrow  
2.  Consist of cytoplasmic fragments that contain enzymes necessary for normal clotting 

response 
3.  Indications for include: 

a.  Bleeding from thrombocytopenia 
b.  Abnormally functioning platelets (rare) 
c.  Low platelet counts 
d.  Prior to surgery or extensive invasive procedures in patients with low platelet 

counts 
e.  Situations that involve: 

i.  Chemotherapy 
ii.  Disseminated intravascular coagulation 
iii.  Massive transfusion 

4.  Administration requires filtered component IV drip set with normal saline solution 
5.  Platelet products include: 

a.  Fresh-frozen plasma (FFP): Uncoagulated plasma separated from RBCs 
i.  Indications: blood loss, coagulation deficiencies, warfarin reversal, 

thrombotic thrombocytopenic purpura 
b.  Cryoprecipitate: Frozen blood product created from donor’s plasma 

i.  Indications: hemophilia A, fibrinogen deficiency, von Willebrand’s 
disease, factor XIII deficiency 

c.  Albumin: Prepared by fractionation of pooled plasma 
i.  ABO and Rh compatibility not a consideration 

d.  Plasma protein fraction: Contains 83% albumin, 17% globulins 
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i.  Indications: volume expansion in patients with hypovolemia, 
hypoproteinemia 

ii.  Shock and burn patients in clinical setting 
e.  Synthetic blood substitutes 

i.  Quest to develop ongoing 
ii.  PolyHeme 

E.  Procedure 
1.  Indications include: 

a.  Significant hypovolemia as the result of acute blood loss 
b.  Symptomatic anemia 
c.  Decreasing hemoglobin level 
d.  Decreasing hematocrit value  
e.  To increase oxygen-carrying ability 
f.  Decreased clotting factors 
g.  Presurgical care in select cases 

2.  Equipment includes:  
a.  Physician’s orders 
b.  Blood product, typed and crossmatched  

i.  In some cases may be cryoprecipitate, platelets, or plasma 
c.  Dedicated venous access line  

i.  18-gauge or larger needle 
d.  Filtered administration set 
e.  Normal saline solution 
f.  Thermometer 

3.  Complications may include: 
a.  Anaphylaxis 
b.  Hemolytic reaction 
c.  DIC 
d.  Transfusion reaction 
e.  Infection 

4.  Signs of complications include:  
a.  Body temperature of 2°F (1ºC) or more above the baseline temperature 
b.  Hives, itching, or skin symptoms 
c.  Swelling, soreness, or hematoma at the venous site 
d.  Flank pain 
e.  Tachycardia 
f.  Respiratory distress (wheezing and dyspnea) 
g.  Hypotension 
h.  Bleeding from widely varied sites or previously clotted wounds 
i.  Blood in the urine 
j.  Anaphylaxis 
k.  Nausea and vomiting 

5.  Steps 
a.  Review Skill Drill 9-1: Administering Blood Products 

F.  Transfusion reactions 
1.  Allergic reaction 

a.  Caused by allergens in the donated blood 
b.  Symptoms 

i.  Anaphylaxis 
ii.  Chills 
iii.  Facial and laryngeal edema 
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iv.  Pruritus 
v.  Urticaria 
vi.  Wheezing 
vii.  Fever, nausea, vomiting 

c.  Management 
i.  Antihistamines 
ii.  Careful patient monitoring and assessment 
iii.  Epinephrine and corticosteroid administration must be considered 

2.  Bacterial contamination 
a.  Usually occurs during: 

i.  Phlebotomy 
ii.  Component preparation or processing 
iii.  Thawing of blood components 

b.  Uncommon 
c.  Rapid onset leading to death 
d.  Mostly involves Yersinia enterocolitica 
e.  Symptoms 

i.  Chills 
ii.  Fever 
iii.  Vomiting 
iv.  Abdominal cramping 
v.  Bloody diarrhea 
vi.  Hemoglobinuria 
vii.  Shock 
vii.  Renal failure 
viii. DIC 

f.  Rapid recognition essential 
g.  Stop transfusion, begin protocol for transfusion reactions 

3.  Febrile transfusion reactions 
a.  Caused by bacterial lipopolysaccharides or antileukocyte recipient antibodies 

directed against donor WBCs 
b.  Treatment: Administration of antipyretics and antihistamines 

4.  Hemolytic transfusion reactions 
a.  Hemolytic transfusion reactions caused by: 

i.  ABO or Rh incompatibility 
ii.  Intradonor incompatibility 
iii.  Improper crossmatching 
iv.  Improper blood storage 

b.  Immediate hemolytic transfusion reactions occur soon after transfusion of 
incompatible RBCs 

c.  Delayed hemolytic transfusion reactions occur in sensitized patients 
i.  From previous transfusion, pregnancy, transplant  
ii.  Also possess an antibody undetectable by standard pretransfusion testing 

5.  Plasma protein incompatibility 
a.  Immunoglobulin A incompatibility 

6.  Other causes 
a.  Bleeding tendencies 
b.  Circulatory overload 
d.  Hypocalcemia 
e.  Hypothermia 
f.  Potassium intoxication 
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7.  Management considerations 
a.  Circulatory overload  

i.  Use caution in patients with cardiac and pulmonary disease with 
potential for experiencing congestive heart failure 

b.  Hypocalcemia from citrate toxicity during blood transfusions  
i.  May be more severe in patients with hypothermia or with elevated 

potassium levels 
c. Potassium intoxication 
d.  Hypothermia  

i.  From infusing large amounts of cold blood products 
e.  Risk-benefit analysis of blood administration must be met with caution. 

 
 

XI. Flight Considerations 
 Time: 2 Minutes 

 Slides: 51 

 Lecture/Discussion 

A.  When treating patients with shock, sepsis, or MODS during air transport: 
1.  Understand patients will likely be very labile. 
2.  Use diligence in monitoring and adjustments to therapy to maintain oxygenation and 

hemodynamic status. 
3.  Ensure all infusions are dosed properly and are compatible. 
4.  Maintain care with ventilator transfers and settings. 

a.  Adjust ventilator settings to compensate for altitude and cabin pressure. 
 


