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Shock syndrome defined 

Nothing brings the body’s machinery to a grinding halt 
quite like the process that occurs when essential nutrients 
and metabolic fuel like oxygen fail to be delivered to cells 
to meet their demands at the moment. While the word, 
shock, may conjure up mental images of patients who are 
cool, sweaty, hypotensive, and tachycardic, clinical signs 
can vary remarkably based on the cause or etiology of the 
problem. To understand the essence of shock, one needs 
to consider what is happening at the cellular level. 

All body cells require a constant 
supply of fuel in the form of oxygen 
and other nutrients like glucose. 
They cannot storehouse O2 for even 
a minute when breathing room air. 

This just in time supply is provided by the constant 
passage of oxygenated blood through the body's tissues 
in a process called perfusion. 

The simplest definition of shock can 
begin with two words, cellular 
hypoxia. This hypoxia usually stems 
from a sustained perfusion deficit 
where blood flow is restricted despite 
compensatory adjustments. If 
unchecked, the perfusion failure will 

end in eventual organ failure. In a more complete 
definition, shock is a metabolic condition resulting from a 
sustained perfusion deficit leading to oxygen debt 
(cellular hypoxia), anaerobic metabolism, cellular 
membrane dysfunction, fluid influx, and cellular 
death. The common denominator in shock, regardless of 
cause, is a failure of the circulatory system to deliver the 
chemical substances necessary for cells to survive and to 
remove the waste products of cellular metabolism.  

Factors necessary to maintain perfusion 
Given that perfusion is absolutely necessary to maintain 
cell function, understanding the components that 
contribute to adequate perfusion will provide insight into 
possible etiologies of shock. 

Adequate pump: The heart must 
generate the power necessary to 
keep the vascular container filled and 
to move blood forward to meet body 
demands. It does this by generating 
a cardiac output to maintain 
circulation. 

Circulating fluid: There must be sufficient blood volume 
to fill the vascular container 
plus the ability to carry oxygen to the 
tissues, release it to the cells, and 
to remove waste products. 

Intact vascular container:  
Resistance vessels (arterioles) 

and capacitance 
vessels (veins) 

conduct blood to and from the capillary 
beds for gas exchange. The vascular 
system must be intact and capable of 
regionalizing blood flow by responding 
to autonomic nervous system 
stimulation to change size and caliber to 
maintain a minimum mean arterial 
pressure (MAP). The vascular container 

cannot be too large for the volume of blood. Dilation of the 
vessels without volume compensation can result in shock. 

Factors affecting pump performance 
The cardiac output (CO) is the 
amount of blood the heart pumps 
in a given period of time and is a 
product of the stroke volume 
times the heart rate. Stroke 
volume is the quantity of blood 
ejected with each contraction 
(ave. 70 mL). A normal adult 
heart rate ranges from 60 to 100 
beats per minute (ave. 72-75 
BPM). Thus, an adult cardiac 

output ranges from 4 to 7 liters per minute but can 
increase or decrease significantly with changes in 
contractile strength and/or heart rate. 

To understand the factors that affect stroke volume, 
think of the heart like any other pump. All pumps have 
inflow and outflow determinants that influence their 
performance. In the heart, these factors include preload, 
afterload, and myocardial contractility. 
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Preload - A pump must fill in order to squeeze 
anything out. 

Preload is the end diastolic filling 
pressure or wall tension in the 
ventricle at the end of venous 
filling (diastole). Preload depends 
on the rate and duration of 
ventricular filling, ventricular 
compliance, venous tone, the total 
blood volume, and the amount of 

venous return. Normal preload pressures are 4-12 mmHg.  

These pressures are clinically 
significant because they determine the 
amount of blood the ventricle will have 
to circulate during systole. Ventricular 
volume will also influence myocardial 
fiber length or stretch. 

Dr. Frank Starling postulated the 
correlation between myocardial 

stretch and contractility as Starling’s Law:  

Optimal stretch (preload) = optimal 
contractility (stroke volume) up to a 
certain point. To illustrate this concept, 
liken the heart to a rubber band. If it is 
barely stretched, there is very little 
contraction. If optimally stretched, there is 
a forceful snap back. If overstretched 
over time, contractility weakens.  

Preload can be adversely 
impacted by volume losses due 
to hemorrhage, excessive 
diaphoresis, vomiting/diarrhea, or 
third space losses such as those 
that occur with burns, ascites, or 
bowel obstructions. Venous 

dilation, and therefore preload reduction, occurs with 
hyperthermia, use of drugs like nitroglycerin, and with 
vasodilatory shocks (septic, neurogenic, and anaphylactic) 

Preload is also influenced by intrathoracic and 
intrapericardial pressures. Mechanical obstruction of 
venous return to the right heart occurs with pericardial 
tamponade and tension pneumothorax. Preload to the left 
heart is markedly reduced in the presence of extensive 
pulmonary embolism. 

Volume changes that 
increase preload occur 
following administration of 
IV fluids and are also 
associated with conditions 
that cause fluid retention 
such as congestive heart 
failure (CHF) and renal 
failure. 

Afterload: Force the ventricle must pump against in order 
to eject blood.  

Ventricles cannot eject blood until 
they are able to generate more 
tension in their chambers than is 
present in the vessels into which 
they empty. These afterload 
pressures are determined by 
systemic and pulmonary vascular 
resistance and the degree of 
vasoconstriction.  

Constricted or diseased arteries have smaller internal 
diameters and provide high resistance (afterload 
pressures). Dilated arteries provide little resistance 
(afterload) and allow for increased stroke volumes. 

Right ventricle afterload: pressure in the pulmonary artery. 
Left ventricle afterload: pressure in the aorta and systemic 
arterioles. 

The elasticity of the aorta 
greatly affects afterload 
pressures. Resistance is high 
in patient with arteriosclerosis 
or atherosclerosis. 

Afterload pressures are 
increased in hypovolemic or cardiogenic shock due to 
vasoconstriction and following administration of alpha 
stimulants such as epinephrine, norepinephrine or 
dopamine in high doses (greater than 10 mcg/kg/min).  

Afterload is decreased in the presence of severe 
hypoxemia and low resistance or distributive forms of 
shock, e.g., neurogenic, anaphylactic, and septic. 
Vasodilating drugs like nitroglycerin in high doses, alpha 
or calcium blockers, ACE inhibitors and angiotensin II 
blockers reduce afterload pressures. 

Myocardial contractility 
The last determinant of stroke volume is inherent 

myocardial contractility, not influenced by preload or 
afterload pressures. This contractile strength is related to 

the isovolumetric contraction 
capacity of the heart muscle. 
Reduced contractility is the 
primary cause of cardiogenic 
shock and contributes to the late 
phase of any form of shock. 

Cardiac contractility is 
determined by sympathetic 
nervous system activity, 
circulating catecholamines 

(epinephrine and norepinephrine) that enhance fiber 
shortening by acting on beta-1 receptors, the rate and 
rhythm of contractions, certain drugs (positive inotropes - 
beta-1 stimulants); the ionic environment (calcium, 
potassium levels), myocardial oxygenation, and the 
amount of functional myocardium. 
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Inotropes commonly used by EMS personnel include 
epinephrine and dopamine. Additional drugs that increase 
myocardial contractility include calcium chloride 10%, 
digoxin, Isuprel (isoproterenol hydrochloride), milrinone, 
and norepinephrine bitartrate (Levophed). 

 

Factors that decrease contractility 
 Hypoxemia, resulting from ventilation/perfusion 

abnormalities in the lung, occurs in early shock and 
decreased contractility. In late shock it worsens, and 
becomes "malignant" or irreversible because of the 
low perfusion state. 

 Acidosis results from anaerobic metabolism with 
release of lactate and pyruvic acids accompanied by 
decreased renal perfusion and accumulation of 
organic acids.  Myocardial ischemia develops when 
arterial pressure falls and further decreases 
contractility.  This situation is compounded in the 
patient with pre-existing coronary artery disease 
(CAD). 

 Drugs: Negative inotropes like barbiturates, beta 
blockers, calcium blockers, ganglionic blockers, and 
lidocaine  

 Electrolyte imbalances 

 Myocardial remodeling as seen with chronic volume 
overload or following acute myocardial infarction. 

 Myocardial depressant factor (MDF) is thought to 
be a low molecular weight peptide released from 
damaged cells in a hypoxic pancreas which markedly 
decreases contractility and compounds shock. 

Heart rate 
The other side of the equation determining cardiac 

output is heart rate (HR). As a general rule, an increased 
heart rate will increase CO by up to three times normal. At 
high rates (≥ 150) the filling time (diastole) is 
compromised so the ventricle fills with less blood and 
stroke volume decreases so that CO falls. 

The intrinsic HR is a function of the excitability and 
rhythmicity of pacemaker cells (SA node, AV node etc.). 
The heart’s electrical conduction system has extensive 
neural regulation from the autonomic nervous system.  

Although the heart initiates its own beat (automaticity), the 
autonomic nervous system can accelerate or slow the HR. 
The two divisions are both always on and usually balance 
each other to give an average heart rate of 60 to 100 
BPM. However, if the body senses an internal or external 
threat or anger, the 
sympathetic side dominates. 
In states of rest or sleep the 
parasympathetic dominates. 
Sympathetic NS (SNS) 
activation of B-1 receptors 
produces an increase in HR 
(+ chronotropic effect), 
increase in contractile force 
(+ inotropic effect), and increases the speed of impulse 
conduction through the electrical conduction system (+ 
dromotropic response). The SNS can be likened to the 
heart’s accelerator. Stimulation of beta 2 receptors causes 
bronchodilation and vasodilation. Stimulation of alpha 
receptors causes intense vasoconstriction. 

 Alpha Beta 

Heart  
Increased rate 

Increased force 
Speeds conduction 

Bronchioles Constricts Dilates 

Arterioles Constricts Dilates 
 
Parasympathetic NS (PNS) 
stimulation via the Vagus 
nerve heavily influences atrial 
pacemaker cells causing 
them to slow down. Think of 
PNS stimulation as the 
heart’s brake. 

Factors affecting fluid 
volume 
The body normally maintains 
a constant intravascular 
volume through neurogenic, 
endocrine, cardiovascular, 
microcirculatory, renal, and 
metabolic mechanisms. 
Hypovolemia can result from 
loss of blood plasma or fluid 
to the exterior of the body, or to the exterior of the 
vascular tree into body cavities or interstitial spaces 

irculating volume and diminished 
venous return. The patient can 
suffer a relative hypovolemia if 
the size of the vascular 
compartment enlarges without 
any extra blood volume to fill it. 
This absolute or relative 
hypovolemia decreases venous 

return, thus decreasing preload and cardiac output. 

resulting in decreased c
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Factors affecting vessels 
PR) 

circulatory system is 

TPR is a function of b he cross 

factors influencing the 

gulatory vascular control 

toregulate tone 
and

se local responses are not 

 

he patient has a blood pressure, does not 

 

lating 

   F = PA - PV 

An increase in resistance will decrease flow at any given 
perfusion pressure, in fact, 
a change in resistance 
(vessel diameter) is the 
primary means of blood 
flow regulation. 

 

Cellular metabolism: 
normal to 
hypoperfused 
Normal flow in the microcirculation 

 
The microcirculation is composed of arterioles, 

capillaries and venules. There is a sphincter at the origin 
of the capillary between the arteriole and capillary (pre-
capillary sphincter) and another at the end of the capillary 
between the capillary and venule, called the post-capillary 
sphincter. The arteriole component is concerned with 
homeostasis and is innervated by adrenergic (SNS) fibers 
that control muscular sphincters. These sphincters 
maintain peripheral vascular resistance and determine 
blood flow through the capillaries. 

Each arteriole feeds a series of capillaries. Capillaries 
open in rotation on demand of cells adjacent to them. The 
opening of precapillary sphincters is facilitated by 
histamine secretion in response to local tissue conditions, 
such as acidosis and hypoxia. They open as more arterial 
blood is needed. 

When the arteriole is widely opened flow is rapid, the 
pH drop is minimal, and the arterio-venous (AV) shunt is 
closed. Oxygen and waste products are exchanged 
across the capillary membrane based on hydrostatic and 
osmotic pressure gradients. The post-capillary sphincter 
opens when blood is to be emptied into the venule. Thus, 
blood flow to cells is regulated by peripheral resistance 
and pressure within the system. 
 

Total peripheral resistance (T

Since the 
a closed system, increasing 
either cardiac output or 
peripheral vascular resistance 
will increase blood pressure. 
Likewise, a decrease in cardiac 
output or a decrease in 
peripheral vascular resistance 
will decrease blood pressure. 
Arterioles are the resistance 
vessels. They can change 
diameter up to 5 fold. 

lood viscosity and t
sectional area (diameter) + length of the vessel. 
Changes in vessel diameter will affect resistance. The 
calculated resistance is inversely proportional to the fourth 
power of the radius of the vessel. 

There are a large number of 
diameter of vessels in the microcirculation, which 
ultimately determine resistance. Manipulation of these 
factors allows the system to tolerate or compensate for 
reduced CO. 

Local auto-re

Vessels have an intrinsic ability to au
 maintain blood flow over a wide range of perfusion 

pressures - independent of neurogenic or humoral 
influences.  Different vascular beds vary in their capacity 
to auto-regulate flow but the cerebral, coronary and renal 
circulations are most potent. 

The specific mediators of the
known, but they are most likely triggered by changes in 
osmolality, accumulation of metabolic waste and hypoxia 
resulting from local ischemia due to low perfusion states. 

Brain (via SNS) auto-regulation protects cerebral tissues
from low flow states - however, this ability is lost in the 
presence of hypoxia or severe hypercarbia ( ⁭ CO2). 

Hemodynamics 
Just because t

mean that tissues are being perfused. This concept is 
explained by pressure, flow, and resistance relationships. 

Blood flow = Pressure/resistance

Pressure = Flow X resistance 

Resistance = Pressure/flow 

Another way of calcu
this relationship is with the 
following equation: 

     R 
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Aerobic metabolism 
The primary energy 
source for cells is 
glucose. Glucose 

own 
ess 

called glycolysis. 
This step does not 
require oxygen. 
Glycolysis produces 
pyruvate but very little 
energy.  

The second stage 
of metabolism is 
aerobic. In the 
presence of O2, 

 Inadequate 

 

 
 

 
 

in tissue 

must be broken d
through a proc

calcium (Ca++) and ADP, the mitochondria of the cell 
(through the Krebs cycle) metabolizes pyruvate to 
produce CO2, water, and 36 moles of ATP (adenosine 
triphosphate) per mole of glucose. 

aintain the sodium/ 
pot

 when oxygen and nutrient delivery to 
cell

Start connecting the dots…Causes of hypoperfusion: 

pump 
 Inadequate preload 

Inadequate cardiac contractile strength 
 Inadequate HR 
 Excessive afterload 

Inadequate fluid volume (absolute or relative) 
Inadequate container (container failure) 

Dilated vessels without change in fluid volume 
Leak in the vessels 

Stages of shock & compensatory mechanisms 
The stages of shock reflect the severity of disruption 

perfusion and the degree of cellular membrane 
damage. If precipitating factors are promptly reversed, 
compensatory mechanisms can usually restore perfusion. 
The longer a patient remains in shock, the longer vital 
organs are deprived of O2. After cellular destruction 
begins, shock cannot be reversed and organs will fail. 

Stages of shock 
Initial stage (compensated/reversible) 

Something occurs to cause a perfusion deficit with an 
early drop in cardiac output that alters cellular function. 
The body attempts to maintain hemodynamic stability 
through compensatory mechanisms and by neutralizing 
elevated lactate levels. Interrelated neural, hormonal, and 
chemical mechanisms restore cardiac output and 
perfusion to keep the circulatory system functioning at 
normal or near normal levels so there are no early clinical 
signs or symptoms. 

Neural compensation - homeostatic neuroreflexes 

The vasomotor center in the medulla receives 
impulses from various receptor mechanisms in the body, 
which either suppress or stimulate neural tone in the 
sympathetic nervous system and adrenal glands in an 
attempt to stabilize the BP. 

Types of peripheral receptors 

Baroreceptors (pressure 
receptors in the aortic arch and 
carotid sinuses) are triggered by 
a decrease in cardiac output. 
The carotid sinuses respond to 
pressures of 60-180 mmHg. The aortic arch has a higher 
threshold and is less sensitive than the carotid bodies. 
Impulses travel to the medulla. The vasomotor center 
responds by increasing sympathetic and decreasing 
parasympathetic outflow. The SNS releases epinephrine 
and norepinephrine that increase HR and strength of 
contractions and cause venous then arterial 
vasoconstriction. 

 
 

The cell uses ATP to m
assium pump at the cell wall membrane to regulate 

its intracellular water component. Oxygen consumption is 
not dependent on oxygen delivery under aerobic 
metabolism. When needed, cells can extract extra oxygen 
necessary for energy production. 

Shock occurs
ular mitochondria (perfusion) throughout the body 

occurs at a rate below that of total oxygen consumption 
(oxygen debt) and waste products (CO2 and acids) are 
not effectively removed (Porter, 1999). Cells start to 
change from aerobic to anaerobic metabolism. 

 

6 O2

GLUCOSE

METABOLISM
6 H2O

36 ATP

HEAT (417 kcal)

6 CO2

6 O2

GLUCOSE

METABOLISM
6 H2O

36 ATP

HEAT (417 kcal)

Aerobic 

GLUCOSE METABOLISM

2 LACTIC ACID

2 ATP

HEAT (32 kcal)

GLUCOSE METABOLISM

2 LACTIC ACID

2 ATP

HEAT (32 kcal)

6 CO2

Anaerobic 
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 Chemoreceptors detect hypoxia (pO2 < 80), high 
pCO2 levels or a low pH (< 7.4). An
dioxide level will usually 
respiratory activity canno
chemoreceptors activate the 
bradycardia and coronary vas
with severe hypoxia may pres

 Osmoreceptors in the hy
concentration of body fluids. 

 Stretch receptors in the ven
of blood return to the heart. 

Hormonal compensation 

In shock, the combination of 
hypotension and volume abnormalities cause 
simultaneous and synergistic stimulation of all these 

Stimulation of the SNS leads 
to the release of epinephrine 
and norepinephrine from the 

nal medulla. 
constriction precedes 

arterial constriction during 
the initial stage of shock. 
Given that the majority of the 
blood volume is stored in the 
veins (capacitance vessels)
constricting the veins may 

end

tected 
ital organs (heart and brain) and shunt blood away from 

non-priority organs. Constriction of dermal capillary beds 
causes the skin to be pale and cool. Sweat glands are 
activated to vent off heat. Pupils dilate to enhance vision. 
Decreased GI perfusion slows peristalsis. 

While norepinephrine secreted from sympathetic 
nerve endings is rapidly dissipated, adrenal 
catecholamines help to sustain the stress response for 
hours to days. 

the 
o 

with 

lping to maintain the BP. It 

te 

menting blood volume and prompting 

Ant

this

periods of stress or 
the anterior 

lamus is affected by 

ic processes in the liver and kidneys to 
increase blood glucose levels. Expect adults in shock to 
have higher blood glucose levels due to this mechanism.  

 increase in carbon 
r ventilations. If 

orrect the pH, 
 nerve resulting in 
ion. Thus, patients 
ith bradycardia. 

lamus sense the 

 sense the volume 

trigge
t c
vagus
odilat
ent w

potha

tricles

hypoxia, acidosis, 

receptors to activate the sympathetic nervous system and 
adrenal glands as well as other hormonal responses. 

Adrenal glands 

adre
Veno

, 

adequately restore vascular 

ephrine from nerve 

volume. If the perfusion 
deficit worsens, causing 
further O2 debt and acidosis, 

additional compensation is required and more 
catecholamines are released. 

The SNS releases nor-epin
ings 

Further activation of the SNS triggers the "fight or 
flight" response. Heart rate and myocardial contractility 
increase to augment cardiac output. Coronary arteries 
dilate to supply additional O2 to heart muscle. Peripheral 
vessels constrict to redistribute blood flow to the pro
v

Renin - Angiotensin - Aldosterone cycle 

Renin is released from 
kidneys in response t
hypoperfusion and to input from 
the SNS. Renin reacts 
alpha-2 globulin in the liver to 
release angiotensin I. 
Angiotensin converting enzyme 
(ACE) converts angiotensin I to 
angiotensin II. Angiotensin II is 
a potent vasoconstrictor, he

also causes the adrenal 
gland to secre

aldosterone. 
Aldosterone causes 
sodium retention and 
potassium excretion by 
the kidneys. The net 
effects are to conserve 
water by decreasing 
urinary output and to 

increase BP by aug
vasoconstriction. 

idiuretic hormone (ADH or vasopressin) 

ADH is made in the hypothalamus and stored in the 
posterior pituitary gland. It is released in response to 
hypovolemia or hyperosmolality sensed by receptors in 
the carotid bodies and atria and by osmoreceptors in the 
hypothalamus. When released, ADH stimulates water 
reabsorption in the distal renal tubules and inhibits urinary 
output. ADH is also a potent vasoconstrictor helping to 
maintain the BP. 

So if you are counting, 
 is the 3rd mechanism 

for vasoconstricting the 
vessels and maintaining 
MAP:  
#1 Catecholamines 
#2 Angiotensin II 
#3 Vasopressin 

Adrenocorticotropic hormone (ACTH) 

During 
trauma, 
hypotha
input from the ascending 
reticular activating system 
(ARAS), brain stem, subcortex, 
and limbic system. This causes 
the hypothalamus to secrete a 

releasing factor that acts on the anterior pituitary to 
secrete ACTH. This hormone causes the adrenal cortex to 
increase production of glucocorticoids, like cortisol, that 
stimulate metabol
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Gonadotrophins are inhibited. Women under prolonged 
stress may experience amenorrhea. 

Kinins (Bradykinin) are potent vasodilators .They are felt 
to be responsible for the dramatic hypotension and 
hyperemia associated with anaphylactic shock. 

Serotonin and histamine: These vasoactive substances 

complement activation 

id soluble materials 
They are generally released 

constriction in hypoxic 
pulmonary beds results in a
not perfused, thus increasin
produces a ventilation/pe
impaired gas exchange, and 

The body attempts to co
by increasing the ventilatory 
exhale excess CO2 (acid to t
is a 1:1 inverse correlation b
For each 1 torr the pCO
corresponding rise of 1 tor
earliest S&S of shock is an

The combination of 
alkalosis affects mental stat
agitation, excitability, confusi

The total net result of compensatory

ased heart rate, increased myocardial 
contractility, increased diastolic BP; increased RR, pale, 
cool, moist skin, and decreased peristalsis. 

k 
Decompensated or 

ogressive shock 
occurs when the 
circulatory system 
starts to fail despite 

 body’s maximum 
efforts to compensate 
and the systolic BP 
falls below 100.  

e unable to sustain vasoconstriction. 
l vascular 

resi

ell but will not damage the mitochondria 
evere, and associated with 

 in alligators now! 

are released from platelets and mast cells respectively 
and regulate local vascular tone and capillary 
permeability. Anaphylaxis and 
trigger their release. 

Prostaglandins are acidic lip
y. 

in r

the lungs. Vaso

distributed widely in the bod
esponse to ischemia or hypoxia from the endothelial 

tissue or platelets and may cause intravascular platelet 
aggregation, clumping and vasoconstriction. 

Chemical (respiratory) compensation 

Redistribution of blood to priority organs causes 
hypoperfusion of 

lveoli that are ventilated but 
g alveolar dead space. This 
rfusion (VA/Q) mismatch, 
hypoxemia. 

rrect the acid-base imbalance 
rate and depth in an effort to 
he body). On room air, there 
etween pCO2 and pO2 levels. 

2 goes down, there is a 
r in pO2. Thus, one of the 
 increase in RR. 

hypoxemia and respiratory 
us resulting in restlessness, 
on, and lethargy (Rice, 1997). 

 mechanisms in 
reversible shock is to successfully restore cardiac output 
and tissue perfusion to vital organs at the expense of the 
non-vital organs. If SNS fibers are intact, the patient will 
have an incre

Decompensated or progressive shoc

pr

the

This leads to global 
hypoperfusion and 
multiple organ 
dysfunction syndrome 
(MODS). Arterioles 
are constricted and 
AV shunts open 
further reducing O2 
delivery to cells. There 
is slow flow in the 

upper capillary and other capillaries may open. When 
there is slow flow in all of them, the pH drop is marked. 
Blood vessels ar
Vasodilation results in decreased periphera

stance, hypotension, and capillary flooding. 

Anaerobic metabolism becomes widespread and 
is only tolerated for only a limited amount of time. 
Anaerobic metabolism is much less efficient than aerobic 
and leads to systemic acidosis and depletion of high 
energy reserves (ATP) producing only two moles of ATP 
(5-10% of normal). Hypoxia will decrease the rate of ATP 
synthesis in the c
unless it is sustained, s
ischemia. 

 

You’re up to your *****
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Pathophysiology of acidosis 
During anaerobic 
metabolism, glucose 
breakdown can only 
complete the first 
stage. This causes an 
accumulation of 
pyruvic acid. Pyruvic 
acid cannot be 
converted to Acetyl 
Coenzyme A without 

ns and 

d as a measure 
of ti

ling the 
dra

concentration gradient (active transport mechanism), but 
needs an ample supply of ATP to fuel the process. 
Reduced levels of ATP result in a dysfunctional Na/K 
pump and alterations in cell membrane function. Loss of 
the Na/K pump allows sodium to diffuse into the cell and 

st all intra and 
extracellular proteins, and once released, they autodigest 

 failure will 
become evident. 
the onset of irrev

Sluggish 
coupled with 

phase. 

Just to co
and waste products act 
capillary sphincters, releasi
carbon dioxide and columns of coa
(rouleaux formations) into the ven
known as capillary washout. 
microembolize in the lungs. 

Arterial pressure falls to the
"protected organs" such as the br
perfused. When aortic root pressu
arterial pressure (MAP) of 60 mmH
do not fill, the heart is weakened, a

mpathetic 
ner

result in 
dysrhythmias, 

muscle 
pum
falling far below 40%. Peripheral 
pulses are weak or absent, 
extremities become cyanotic and 
cold. 

Lungs: Perfusion failure is evidenced by adult respiratory 
distress syndrome (ARDS) or non-
cardiogenic pulmonary edema. 
Hypoxic vasoconstriction of 
pulmonary beds increases 
pulmonary arterial pressures 
producing pulmonary hypertension 
and high afterload pressures. This 
puts a strain on the right ventricle. 
Pulmonary capillary blood flow 

reduction results in impaired gas exchange, reduced pO2 
and increased pCO2. levels. Alveolar cells become 
ischemic and decrease production of surfactant 
resulting in massive atelectasis and a reduction in 
pulmonary compliance (stiff lungs). 

O2 so is transformed in greater amounts to lactate and 
other acid by-products. Acidosis develops because ATP is 
hydrolyzed to ADP and phosphate with the release of a 
proton. Hydrogen ion accumulates, decreasing the pool of 
bicarbonate buffer. Lactate also buffers proto
lactic acid accumulates. 

At the same time, ischemia causes an increased CO2 
production by tissues. CO2 levels rise in the sublingual 
area, esophagus, stomach, duodenum, jejunum, brain, 
liver, and kidneys. The higher the organ's metabolic rate, 
the higher the CO2 level in hypoperfused states. Excess 
CO2 combines with intracellular water to produce 
carbonic acid. Thus, acidosis can be use

ssue perfusion. 

The acidic condition of the blood reduces the ability of 
hemoglobin in red blood cells to bind with and carry 
oxygen. This adds to the cellular oxygen debt (shifts the 
oxyhemoglobin dissociation curve to the right). 

Back to NEED TO KNOW…Circ
in…game over. 

Micro-circulatory failure & cell membrane injury 
Sodium (Na) is more 
abundant outside of the 
cell than inside. It is 
naturally inclined to 
diffuse into the cells. The 
sodium-potassium pump 
is like a “bouncer” at the 
cell membrane that 
sends the sodium back 
out against its 

stay there. Water follows the sodium and shifts into 
the cell, causing the cell to swell. 

Intracellular enzymes that usually help to digest and 
neutralize bacteria introduced into a cell are bound in a 
relatively impermeable membrane. Cellular flooding 
explodes that membrane and allows these lysosomal 
enzymes to be released. Their job is to dige

the cell. If enough cells are destroyed, organ
The release of th
ersible shock. 

blood flow and po
acidic blood leads to

and formation of microthrombi in th

mpound the problem
as poten

ng hyd

e lysosomes heralds 

oling in the vessels 
 platelet agglutination 

e capillary stagnation 

, accumulating acids 
t vasodilators of post-
rogen ion, lactic acid, 
gulated red blood cells 
ous circulation. This is 
Rouleaux formations 

 point that even the 
ain and heart are not 
res fall below a mean 
g, the coronary arteries 
nd cardiac output falls. 

Myocardial depressant factor is released from an ischemic 
pancreas, further decreasing the pumping action of the 
heart and decreasing CO. 

Reduced blood supply to the vasomotor center in the 
brain results in a slowing, then stopping of sy

vous system activity.  

Ischemia and necrosis lead to 
Multiple Organ Dysfunction 
Syndrome (MODS) where each organ 
system begins to fail in turn like falling 
dominos. 

Heart: Hypoperfusion may stun even a 
healthy heart and 

ischemia, infarction, and 
p failure with ejection fractions 
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At the same time, pulmo
resulting in interstitial an
result is respiratory f
respiratory acidosis. 

CNS:  D
pressure
flow r
respon
pain

 
Kidneys: A reduction in renal blood flow 
produces acute tubular necrosis 
(ATN) that results in oliguria (< 20 
mL/hr). Toxic waste products (urea and 
creatinine) cannot be exc

nary capillaries become leaky 
d intra-alveolar edema. The net 

ailure, severe hypoxemia, and 

cerebral perfusion 
d cerebral blood 
nfusion, reduced 
uli (verbal and 

reted and are 
reta

disseminated intravascular 

lnerable to 

rkedly increased blood levels. Cell 

 
ischemic hepatitis, hypoxic hepat

GI tract: Hypoperfusion results i
Release of vasodilating endo
contributes to the worsening of s

The total oxygen deficit a
rate of accumulation are both c
determinant of survival (Britt e
1996). Inability to repay the o
debt to tissues invariably lea

 

lated factors necessary 
to m

ng in primary pump failure. It 
is also 

on is so compromised that the 
heart cannot meet the metabolic needs of the 
compensatory m
ineffective. Mean a
decrease coronary
performance, and u
cardiogenic component to shock should be suspected 
when hypoperfus
dysrhythmias, hypo scular tone. 

General patient  reflect 

Hg or a 30 - 60 
Patients in 

potensive. 

 to major organ 
stems 

diaphoretic sk

o Cerebral hypo
apprehension
to apathy, leth

 Evidence of LV f
tachypnea; hypox
impaired gas exch

ecreased 
 (CPP) an

esults in co
ses to stim

ful), and coma. 

ined in the blood. Metabolic acidosis 
worsens as kidneys are unable to 
excrete acids or retain bicarbonate. 

Liver: Impaired metabolic 
function and alterations in 
clotting factors produce 
coagulation problems like 

clotting disorder (DIC) 
where the patient is 
clotting and bleeding at 
the same time. The liver 

fails to filter bacteria so the patient becomes vu
infections. Failure to metabolize waste products (ammonia 
and lactate) causes ma
death is reflected at the hospital by an increase in 
enzymes such as LDH, AST, and ALT. The net result is

itis, or shock liver. 

n ischemic gut syndrome. 
toxins 
hock. 

nd its 
ritical 
t al., 

xygen 
ds to 

death. Irreversible shock is diagnosed 
at the point when the patient is 
refractory to therapeutic management. 

 Profound hypotension despite vasopressors 
 Severe hypoxemia despite oxygen therapy 
 Acute renal failure 
 Multiple emboli, diffuse clotting, severe coagulopathy 

Infections 
 Decreased responsiveness 
 Bradycardia, hypotension, circulatory failure 
 Tissue damage extensive and incompatible with life 
 Multi-system organ dysfunction syndrome (MODS) 

evident → patient dies 

Types of shock 
To recap: All forms of shock are due to failure of one or 
more of the three separate, but re

aintain perfusion: adequate pump, circulating volume 
(with oxygen carrying capacity), and/or intact vascular 
container capable of regionalizing blood flow. Shock is 
classified by its primary etiology, even though multiple 
dysfunctions often occur in response to the primary insult.  

Cardiogenic shock (pump failure) 

Etiology 

Cardiogenic shock is usually caused by extensive 
myocardial infarction of the LV, diffuse ischemia, or 
decompensated CHF resulti

seen with cardiomyopathy, valvular abnormalities, 
and dysrhythmias. A special type is compressive cardiac 
shock due to an inadequate venous return to the heart 
caused by extrinsic compression, i.e., tension 
pneumothorax, pericardial tamponade. There is a poor 
prognosis when > 40% of the LV is destroyed. Historically, 
about 7.5% of patients with AMI develop cardiogenic 
shock and mortality rates range as high as 80% even with 
appropriate therapy. 

Pathophysiology 

Left ventricular functi
body and 

echanisms are maximized and 
rterial pressures less than 60 mmHg 

 perfusion further suppressing cardiac 
ltimately result in total pump failure. A 

ion persists after correcting existing 
volemia, or altered va

presentation: S&S symptoms
evidence of forward and backward heart failure. 

 Hypotension: SBP < 80 - 90 mm
mmHg drop from previous baseline levels. 
early cardiogenic shock may not be hy

 Evidence of decreased blood flow
sy

o Peripheral vasoconstriction produces cool, 
in that has a dusky or ashen color. 

xia is manifested by restlessness, 
, and confusion that may progress 
argy and coma. 

ailure: 
emia, 
ange; 

pulmonary congestion 
or edema (crackles). 
There is compensatory 
tachycardia with weak, 
thready pulses. 
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 When dysrhythmias exist, it may be difficult to know if 

sider 
When presented with a hypotensive patient who 

appears to be in c
possibility of aort
embolism; septic sho

Listen to lung sound

5 L O2/NRM 

 Vascular access with NS
be in cardiogenic shock
volume depleted or exp
Auscultate lungs. If clear, 
200 mL to increase preloa
on the BP and lung sounds

S or 

y be needed t
at the temporary 
 target organs. 
rapid tachycardia 
ersely impact 

: Aspirin 324 mg 

bedside 

hemodynamic 

emorrhagic shock 

sels and/or organs 
one or pelvic fractures 

• 

 a severe hemorrhage as a blood loss 
0 mL/min. Others site a rate of 250 

mL/

e in the process of 
oints were considered to be 

lobal measures that reflect 
e tissue beds and may be 

preexisting diseases or the 
patient's response to volume 

losses and blunt changes in vital signs or renal function. 

they are causing the hypotension or are the result of 
hypoperfusion. Correct rate problems and major 
dysrhythmias first. 

Differential to con

ardiogenic shock, also consider the 
ic dissection; massive pulmonary 
ck; or profound hypovolemia. 

s! 

Emergency interventions 

 DO NOT prolong efforts to 
stabilize the patient in the field. 
 This is a TIME SENSITIVE 
patient - transport ASAP. 

 Place patient in a supine position. 
 Secure airway; monitor SpO2, give 12-1
 Monitor ECG - obtain 12-lead ECG ASAP 

. Some patients appear to 
 when they are actually 
eriencing a RV infarct. 

may try a fluid challenge of 
d and evaluate the effects 
. 

apy: Aortic root pressures 
maintained at a minimum 

MAP of 60 mmHg to create a 
pressure head to fill the coronary 
arteries. If the MAP falls under 60, 
most patients will die. Hang a 
dopamine drip 400 mg in 250 mL NS 
or D5W or 800 mg/500 mL N

Drug ther
must be 

D5W IVPB starting at 5 mcg/kg/min 
(beta dose). A higher alpha 
stimulating dose ma
elevate the BP 

o 
 Diabetes insipidus 
• Excess wound drainage 
• Acute renal failure; high output phase 
• Losses through skin and lungs expense of other

Anticipate a very 
that could adv

ventricular filling. If alert with a gag reflex
PO per ACS SOP. 

Combination drug therapy is often 
needed at the hospital coupling 
dopamine with dobutamine, 
Levophed, NeoSynephrine and 
possibly vasopressin while 
awaiting a 
echocardiogram, cardiac 
catheterization, 
monitoring, and insertion of an 
intraaortic balloon pump. 

Hypovolemic/h
This form of shock is caused by an intravascular volume 
deficit of either plasma or whole blood. 

Precipitating factors 

Hemorrhage 
Most prevalent in trauma 
patients due to the following: 
• Blunt or penetrating injury 

to ves
• Long b

Major vascular injuries including traumatic amputation 
• Multi-system injury 

Organs and organ systems with high incidence of 
exsanguination from penetrating injuries: 
• Heart 
• Thoracic vascular system 
• Abdominal vascular system: 

abdominal aorta, superior 
mesenteric artery 

• Inferior vena cava, portal vein 
• Liver, spleen 

Trunkey defines
of greater than 15

min as leading to exsanguination, which will cause the 
patient to lose ½ of their entire blood volume in 
approximately 10 minutes. 

Fluid (plasma) shifts: Plasma shifts from the 
intravascular to interstitial spaces as a result of increased 
capillary permeability in crush or burn injuries. 

Other causes of body fluid deficits 
• Dehydration 
• Excess GI drainage; diarrhea 
• Ascites 
•

• Osmotic diuresis secondary to hyperosmolar states 
(DKA, HHNS) 

Assessment/management of hypovolemic/ 
hemorrhagic shock 

Shock resuscitation begins in the prehospital 
environment and continues through the ED and possibly 
the OR and ICU. Everyone knows when it begins, but the 
end points of effective resuscitation ar
being redefined. Classic end p
a normalizing heart rate and BP and good urine output.  

Traditional markers are g
the general circulation to larg
slow to exhibit signs of severe perfusion deficits.  

Another limitation is that 
aging process may alter a 
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STAGES OR CLASSES of hemorrhage 
Progressive stages based on percentage of volume lost. 

Class I hemorrhage: Compensated 
 Acute loss of <15% of total blood volume or <750 mL 

 Associated with fractures or minor injuries to solid 
intra-abdominal organs. 

 S & S if compensatory mechanisms are intact. 
• Normal CNS to mild anxiety 
• Normal or mini
• Venoconstrictio

mal increase
n; 

sat
me (750-1,500 mL

d 
ed cardiac 

etabolic acidosis begins 
to develop. 

 Associated wit
and splenic in
bone fracture
injury, controlle
injuries. 

 S & S of Class 
• Anxiety, rest
• Tachycardia

diminish 
• Tachypnea:
• Increased 

pressure; sy
• Cool, pale, m
•

ated shock 

lume (1,500-2,000 

with chest and 
, hepatic and 

and multi-

SBP over 100; physical responses are dramatic.  

120; pulse barely palpable 
-40 with air hunger 

ic BP < 100; pulse pressure very narrow 
tic 
t (5-15 mL/hr) 

ation per ATLS) 

juries. 
fective and become 

 > 140; pulses barely palpable in 

ailbeds; skin ashen, gray; 

erson. Any 
me loss or patient 

hich they move from 
f blood loss affects the 

slower 
nsatory mechanisms will work. 

ifferently to blood loss 

and cardiac 

ee caps 

 in pulse to < 100 
marginally cool skin w/ slight 

y volume 
L/h) 

ed 

pallor 
• Normal BP 
• Normal RR (14-20), ventilator
• Normal urinary output (> 30 m

Class II hemorrhage: Compen
 Acute loss of 15-30% of blood volu ) s inef

inactive; classic shock symptoms. 
 Signs & symptoms 

 Most patients with major acute blood loss are place
in a supine position. Most have a decreas
output but will have retained an essentially normal 
MAP due to position and compensatory mechanisms, 
e.g., peripheral vasoconstriction. Organ perfusion, 
however, is markedly reduced. This state is termed 
normotensive hypoperfusion. Peripheral 
metabolism is impaired and m

h hepatic 
jury, long 
s, pelvic 
d vessel 

II hemorrhage 
lessness, weakness 
 > 100; pulse strength begins to 

 20-30 
diastolic pressure; narrowed pulse 
stolic BP maintained > 100 mmHg 
oist skin; feels cold 

 Thirst 
• Slight decrease in urinary output (20-30 mL/hr) 

 
Class III hemorrhage: Uncompens

 Acute loss of 30%-40% of blood vo
mL): Major bleed. 

Associated 
vascular injuries
splenic rupture, 
system trauma. 
Compens

 Classic S & S of shock appear 
• Mental status: restlessness, confusion, agitation 
• Thirst more severe 
• Tachycardia > 
• Tachypnea: 30
• Systol
• Skin: cold, pale, diaphore
• Decreased urinary outpu

Class IV hemorrhage (exsanguin
 Acute loss of >40% of blood 

volume (>2,000 mL) 
ntrolled  Associated with unco

chest injuries, severe injury to 
sold intra-abdominal organs, 
pelvic fractures, and multi-
system in

 Compensatory mechanism

• Confusion, lethargy, coma 
• Tachycardia

central arteries if they can be found at all 
• Cardiac dysrhythmias 
• Systolic BP < 60 mmHg 
• Pulse pressure of 10 mmHg 
• Tachypnea > 35/minute; shallow and ineffective 
• Cyanotic lips, n

diaphoretic 
• Negligible urinary output 

These stages assume a previously healthy p
pre-existing condition may affect volu

f the speed at wresponse in terms o
eon  stage to the next. The rate o

f compensatory mechanisms; the effectiveness o
the loss, the better compe

Special populations react d

Pregnant women: Patient has extra blood and may 
appear to compensate longer; fetus will be in distress. 

Athletes: Greater fluid 
reserves; moves more slowly 
through the early phases with 
greater percentages lost before 
moving to the next phase. 
 

Obese patients: Blood volume as an actual percentage 
of real body weight is lower than 7%. Small losses may 
have a more serious effect. 

Children: Blood volume is 8% to 
9% of body weight; may not show 
early S&S of compensation as 
clearly as adults. Watch kn

atory mechanisms 
are ineffective in maintaining 

for mottling to indicate 
hypoperfusion; crash quickly. 
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Elderly: Compensator
s

ive to fluid losses; 
tions may block 

 

healthy adult. They have 

y 
mechanisms are les  

altered 
t tolerate inadequate 

ga

respons
medica
typical S&S of tachycardia
or affect clotting cascade. 
BPs will drop faster than a 

reduced perception of pain and may already have 
mental status due to disease. Canno
perfusion as they have reduced reserves in all or n 
systems. 

 I II III IV 
Blood loss <15% 15-30% 30-40% > 40% 

Mental 
status 

Nml to mild 
anxiety restless, co

Anxious, Restless, 

weak agitated comatose 
nfused, 

Confused, 
lethargic, 

HR < 100 > 100 > 120 > 140 
RR Nml; 14-20 20-30 30-40 > 35 

Pulse 
pressure Nml Narrowed Narrowed 10 mmHg 

BP Nml > 100 < 100 < 60 
 

Initial assessment: resuscitate 
immediate life-threats as found. 
Procedures and techniques vary with the 

 using adjuncts as 

ventilatory/oxygen 
 
 

car

t yet), amplitude, regularity; anticipate 
s 

that would artificially suppress the rate. 
ty and 

eeding if shock is 

 skin 
se blood flow due to 

the presence of hypovolemia, 
onse. A patient with 

 and moisture is rarely 

kin of vasoconstricted 
ticularly in children) are ominous 

ysrhythmias. 

size of IV ca
depend on the p
age, size, nat
complaint, volume
and urgency o
condition. Accord

e 
length of the cathe
the pressure at wh

cause of shock. 

 ITC: Access/maintain airway
necessary 

 Monitor 
status (capnography /SpO2); O2
12-15 L per appropriate device;
assist ventilations as 
necessary. 

 Circulatory/perfusion/ diac 
status assessment 

Compare carotid and radial 
general pulse rate (fast or slow, 
don't coun
tachycardia except in elderly or those on medication

Assess mental status; anticipate anxie
restlessness to decreased level of consciousness 

Inspect for uncontrolled 

  

bleeding (internal or 
external) Note type, 
amount, and rate of 
blood loss.

Suspect concealed internal bl
present without external 
hemorrhage. 
Hidden hemorrhage into 
the thoracic, abdominal, 
pelvic or retroperitoneal 
cavities or into the muscle 
body surrounding a long 
bone fracture can cause major blood loss. 

 Assess skin color, temperature, moisture: The
is one of the first organs to lo
vasoconstriction in 
hypothermia, fear, or a stress resp
normal skin color, temperature,
in shock. Conversely, cyanosis of the lips or face with 
diaphoresis or the mottled s
extremities (par
signs. If skin is moist, the SNS has been activated. 
Patients in shock will c/o being cold and may have 
shaking chills. 

 onM itor ECG: anticipate ST or d

 
Classify patient as exsanguinating 
 Hemodynamic instability 
 Initial blood loss 40% or greater 
 Massive ongoing blood loss 

Cardiovascular resuscitation  

 Control bleeding with direct pressure, hemostatic 
dressings if available or a tourniquet. Make sure that 
all bleeding has stopped 
distal to the tourniquet. 
Note the time pressure 
was applied. 

 Establish vascular 
access. The number and 

theters 
atient's 

ure of 
 needs, 
f their 
ing to 

Poiseuille's law, fluid flow 
through a catheter is 
dependent on the radius 
to the fourth power, th

ter, the viscosity of the fluid, and 
ich the fluid is infused. 
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If 
nee
sho
fit i
ven
sho
usin

large fluid volumes are 
ded, use the largest, 
rtest catheter that will easily 
nto the vessel. Peripheral 
ous access for adults in 
ck is usually accomplished 
g a 14-16 gauge catheter. 
fant or adults who are 

unresponsive and need volume resuscitation when 
peripheral access is unobtainable. 

 Volume replacement: The fastest way to increase 
cardia

Consider IO access in in

c output and improve oxygen delivery in 
povolemic shock is by restoring plasma volume. In 
ung patients, volume is infused at a rate allowed by 

uip and the size of the cannulated vein 
a response is seen. In older patients or those 
co nd ch ac  

 resuscitation is titrated in 200 mL fluid challenges 
void co ations iated pervo . 

 gress hera  pene  traum y 
 a clo  incr e B isl
 formed soft “white” clot made of platelets. This 

 cause atient d mo se flu st 
to maintain a SBP of 80-90 in penetrating trauma to 
the torso 
shock, giv
SBP of 90
trauma ne
bleeding is controlled at the hospital. 

 
154 mEq 

an excessive load of chloride 
verload and marked 

 when used in large volumes. 
ce hyperchloremi

in large quantities, 

ion 
warming devices. Research s
be warmed to 40° C (104° F
fluids place caloric demands
them to 98.6° F and rapidly d
Whenever more than 200 mL of room temperature 
fluid is given in one hour to a patient in shock, they will 
become hypothermic. 

Ped
20 mL/kg bolus to be pushed over 5-15 minutes. This can 
be r

Dru r hypovolemic shock. 

External fixation and 
hem
frac
acc

 

ord meaning "to putrefy". 
presence of sepsis 

0 mmHg or a decrease 

f shock. It is usually due 

(IIR) that 
biochemical pathways. 

(leaky 
third-space fluid shifts, and 

sulting in hypoperfusion to 
tissue destruction, 

 (low resistance) 

 to the local neurological 

losses that may not be 
begin within 

on disruption. Severe pain 

Spinal shock is characterized by flaccid paralysis and 
absent reflexes. The patient cannot detect pain, 
temperature, touch, proprioception (position sense) or 
pressure below the level of the lesion. There is 
absent/impaired thermoregulation (poikilothermia); absent 

hy
yo
the eq ment 
until 
with 
fluid

morbid co itions su as cardi disease,

to a mplic  assoc with hy lemia

Ag ive fluid t py in trating a ma
"pop
newly

t" by easing th P and d odging a 

will the p to blee re. Infu ids ju

(permissive hypotension). In hemorrhagic 
e 200 mL fluid challenges just to maintain a 
 in blunt trauma. Only patients with head 
ed a minimum SBP of 110 or higher until 

Normal saline (0.9% NaCl): NS contains 
Na + 154 mEq Cl. It has 
that may cause fluid retention/o
electrolyte imbalance
The pH is acidic and may produ
metabolic acidosis when given 
especially in patients w/ renal impairment (such as in 
shock). Hospitals will switch NS to LR for volume 
resuscitation. 

c 
microthrombi formation. In some patients an uncontrolled 
and unregulated IIR occurs, re
the cell due to opening of AV shunts, 
and organ death. Support ABCs. 

Spinal and neurogenic shock
The term spinal shock refers

condition that occurs immediately after a spinal cord injury 
producing motor and sensory 
permanent. Swelling and edema of the cord 
30 minutes after an insult creating a "physiologic" 
transection with nerve conducti
may be present just above the level of injury due to a zone 
of heightened sensitivity. 

Warm IV fluids for patients in shock. NS may be 
kept in a fluid warmer or given via rapid infus

uggests that fluids may 
). Room temperature IV 
 on the body to warm 
eplete energy reserves. 

IV 

iatric resuscitation volumes must be calculated as a 

epeated X 2. 

gs are not usually indicated fo

orrhage control for pelvic 
tures should be 
omplished by PASG or 

tightly wrapped sheet.  
Distributive, vasogenic, 
low resistance, or container failure shock: Loss of 
peripheral vascular resistance (vasodilation) causes a 
relative fluid volume deficit and maldistribution of blood 
flow to cells. 

Septic shock 

Sepsis comes from the Greek w
Septic shock is defined as the 
syndrome plus a systolic BP < 9
from the baseline BP of more than 40 mmHg. Those with 
sepsis develop a higher degree o
to gram negative organisms but gram +, fungi, viruses and 
rickettsia can also be causative agents. The infection 
activates the inflammatory/immune response 
involves humoral, cellular, and 
This causes increased microvascular permeability 
capillaries), vasodilation, 
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somatic/visceral sensatio
distension and loss of peri

Patients may experie
shock. Acute spinal cord
mean complete functional 

Neurogenic shock 

 

 disrupted while 
the Vagal connections remain intact. The heart only 
receives the message to SLOW DOWN. Neurogenic 
shock should be the only etiology of shock that 
presents with a slow heart rate. 

 Hypotension is caused by vasodilation and blood 

ns below the lesion; bowel 
stalsis (adynamic ileus). 

nce varying degrees of spinal 
 injury (SCI) does not always 
loss. 

There may be marked 
hemodynamic and systemic 
effects especially in high 
spinal lesions. Sympathetic 
nervous system (SNS) fibers 
exit at the thoracic and lumbar 
levels of the spinal cord before 
traveling to the heart, lungs, 
peripheral blood vessels, and 
sweat glands. These fibers are disrupted in SCI above T6. 

Shock is caused by massive vasodilation owing to lack 
of sympathetic tone. Once vessels dilate, there is not
enough blood to fill the new volume capacity. There may 
be no actual blood loss – hypoperfusion results from a 
blood distribution problem. 

Signs & symptoms 

 Bradycardia is due to unopposed Vagal tone. The 
Vagus nerve [CN X] descends from outside of the 
medulla to the heart via the carotid arteries, not 
through the spinal cord. In a cervical injury, the 
sympathetic pathways to the heart are

pooling in the enlarged vascular system. Vasodilation 
decreases venous return and ventricular filling 
pressures (preload), which in turn diminishes stroke 
volume and cardiac output. The blood pressure drops 
and tissue hypoperfusion is evident.  

 Hypothermia can develop rapidly as dilated blood 
vessels in the skin below the level of injury allow 
radiant loss of body warmth (poikilothermia). 

S 
below the level of 
 other etiologies of 

des in hours to weeks 
dividual as spinal neurons regain 

 and volume status to keep the systolic BP at 
e. General hemodynamic resuscitation 

IV fluid boluses in 
200 mL increments up to 2 liters on a large bore IV 
catheter. Warm fluid if possible to prevent 
hypothermia. 

 In pure neurogenic shock not associated with 
hypovolemic shock, vagal blockers like atropine 0.5 
mg rapid IVP up to a maximum of 3 mg IVP if pulse 
remains bradycardic and pressor agents like a 
dopamine (400 mg/250 ml D5W or NS), beginning at 
10 mcg/kg/min (alpha dose) and titrating to 20 

 Anhidrosis (Lack of sweating) is due to SN
disruption. Skin is warm and dry 
injury, which is very different from
shock. 

 Neurogenic shock usually subsi
depending on the in
some excitability. 

General interventions for neurogenic shock 

 Fluids: Determine the necessity for IVs based on the 
patient’s hemodynamic status. Maintain adequate 
hydration
90 or abov
includes volume loading with NS 

mcg/kg/min), may be used to better advantage than 
overhydrating the patient. Monitor the patient's 
response to vasopressors; as it may be less than 
expected since the SNS is compromised. 

Hypovolemic 
shock 

S&S Neurogenic 
shock 

↓ due to lack of 
volume 

BP ↓ due to 
vasodilation 

↑ Pulse ↓ 
Cool, moist Skin Warm, dry 

 

Anaphylactic Shock 
Pathophysiology 

 

The onset of anaphylaxis is generally acute. 
Symptoms 

. With further 
exp

can develop from 30-60 seconds to up to 20 
minutes post-exposure and cause death within minutes. 

IgE-mediated reactions occur as a 
result of an immune response. The 
immune system is exposed to an 
allergen (antigen) and a specific 
antibody (IgE) is formed and stored in 
mast cells and basophils

osure, the antigen will bind with the 
IgE antibody, triggering release of 
vasoactive mediators. Non-IgE 
reactions (anaphylactoid reactions) are 
associated with nonsteroidal anti-inflammatory agents and 
aspirin. 
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When a hypersensitivity reaction occurs, mast cells 
and basophils rupture or secrete histamine, leukotrienes, 
and

owing to the enlarged 
 in a decreased cardiac output and 

inad

s affected by the quantit
rapidity of absorption 

n

s.

sed consciousness 

f breathing 
 Coughing; retractions 
 Wheezing due to bronchial swelling and spasm. 

No wheezing 
mean no breathing! Bronchospasm and laryngeal 
edema may induce swift respiratory arrest. 

 Tachypnea 

Cardiovascular: Signs of decompensation/impairment

 Chest pain; acute coronary syndromes 
 Tachycardia 
 Dysrhythmias: ST, AF, AV and intraventricular 

conduction delays, transient left bundle branch block 
(LBBB) 

 Reversible cardiomyopathy (disease of muscle wall) 
 Hypotension due to vasodilation and 3rd space 

losses due to increased capillary permeability. 
 Shock 

nd soles 

ysphagia), bloating, abdominal pain, 

n effects: 
in 

/min. Titrate up to 
20 mcg/kg/m ain SBP . 
 on beta/Ca blockers and not responding to epi & 

g IVP/IN/IO/IM. 
diator release with antihistamines: 
ydramine) 50 mg 

IVP

use

 vascular access 

high dose) 
is resolves. 

Cutaneous S&S (90%) 
 Warmth, redness 
 Pruritus (itching): Itching of palms of hands a other substances that cause systemic vasodilation, 

increased capillary permeability, bronchoconstriction, 
coronary vasoconstriction, and skin reactions. The relative 
decrease in vascular volume 
vascular space results

equate tissue perfusion. 

Risk: The severity of a reaction i
of the antigen; the route and 
(highest risk is produced by parent
by topical exposure; oral ingestio
medical history of asthma or 
patients taking beta blocker drug

Signs and Symptoms 

A severe systemic reaction can rapidly lead to respiratory 

y  Facial swelling progressing to angioedema: edema of 
the deep dermis of the lips, tongue, periorbital areas 
without itching 

of feet may be an early sign. 
 Maculopapular (spotted and elevated) rash involving 

the face, chest, back, and abdomen. 
 Hives: Raised, blanched, irregularly shaped lesions 

with surrounding redness. 

eral exposure; least risk 
 is in between); a past 

cardiac disease; and in 
 

 Diaphoresis; cyanosis 
Mucus membranes 
 Edema, burning 
 Increased secretions 
 Lacrimation (tearing) 
 Rhinorrhea (runny nose) 
 Ocular itching and tearing 
 Gastrointestinal: GI edema results in difficulty 

swallowing (d

failure and cardiovascular collapse evidenced by BP < 
90, cardiac dysrhythmias, shock and coma. 

Neurological S&S 
 Anxiety, apprehension 
 AMS; confusion, decrea

cramping, nausea, vomiting, and diarrhea. 
 Renal: Incontinence or decreased urinary output 

Treatment 
 Remove inciting cause if possible 
 Resolve immediate life threats 
 Aggressive airway mgt: DAI 
 Support oxygenation/ventilation 
 IV NS in consecutive 200 mL fluid challenges to attain 

SBP of 90 or above 
Reverse target orga

 Dizziness 
 Hypotension or dysrhythmias may manifest by c/o 

lightheadedness or syncope 
 Tingling around the mouth 
 Seizures 

Respiratory: Signs of airway/ventilatory impairment 
 Upper airways 

 Angioedema 
 Stridor, dysphagia, hyper-

salivation 

E
0.1 

pine  1:1
mg increments q. 1 min. up to 

1 mg slow IVP/IO. If no IV/IO: Epi 

If BP remains <90: 
IVPB /kg

phrine 0,000 titrate 

1:1000 1 mg IM. 
Dopamine 

10 mcg
in to maint  > 90

 Hoarseness, change in voice 
 Nasal congestion, sneezing 
 Increased secretions 

 Lower airways 
 Dyspnea; tightness in the 

chest and throat; increased work o
If
dopamine: Glucagon 1 m
Impede further me
Benadryl (diphenhor diminished breath sounds may 

 

/IO; if no IV/IO IM. 
If wheezing: Albuterol 2.5 mg & 
ipratropium 0.5 mg/HHN. Ipratropium 

d for HHN does not contain 
preservatives that trigger peanut 
allergies like the MDIs. Safe for these 
patients. 

If cardiac arrest occurs: CPR; start 2nd

line; give IVF as rapidly as possible (up to 8L) (use 
pressure infusers if available)  
Epinephrine 1:10,000 1 mg IVP/IO q. 2 min (
Prolonged CPR is indicated while anaphylax
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STUDY QUESTIONS 

               

 
1. Define: Shock 

          

                         

           

 
2. List two disease states that could cause pump failure leading to cardiogenic shock: 

              

                         
 
3. List two etiologies of shock due to loss of vascular tone: 

                         

                         

4. ents? 

 

   

 
What is the most common etiology of shock in trauma pati

A. Epidural hematoma 
B. Hemorrhage 
C. Respiratory failure 
D. Cardiac insufficiency 

5. What two factors are multiplied to determine the cardiac output in one minute? 

         X               

Insert the numbers for the above equation. 

             X              

CO =           L/min 
 
6. Define: Stroke volume 

                         

                         
 
7. Define: Preload 

                         

                         

                         
 
8. Paraphrase the Frank-Starling mechanism or Starling’s law: 

                         

                         
 
9. List one EMS intervention that increases preload in a patient with hypovolemic shock. 

                         
 
10. List one drug that is used by EMS personnel to decrease preload.          

11. Define: Afterload 
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 EMS personnel can give to increase afterload particularly in patients with a low 
resistance form of shock (list drug name, dose, and route). 

                   

12. List two drugs

      

                         
 
3. Independent of preload and afterload, list three things that can influence cardiac contractile force. 

   

1

                      

                         

                         
 
14. What specific sympathetic nervous system receptors are  stimulated to increase heart rate, force of 

contractility and speed of conduction?           
 
5. 1 Which nerve is stimulated to decrease heart rate?              

 
16. What fuels are needed and how much ATP is produced during ae robic metabolism? 

                 Fuels needed     

                  Amount produced:   
 
7. List four peripheral receptors that all send feedback relative to the volume/perfusion state to the 1

central nervous system: 

                         

                         

                         

                         

 l compensation is achieved through homeostatic neuroreflexes controlled by 
 
18. In Phase I shock, neura

the vasomotor center located in the medulla which either suppresses or stimulates the fight or flight 

mechanisms of the                                                           nervous system. 

19. Hormonal compensation in shock includes release of two catecholamines from the adrenal gland:  

                                                          and                                                                      which 

cause peripheral blood vessels to                                                                             . 
 
20. 

  

Activation of the renin-angiotensin-aldosterone system causes blood vessels to  

                                                                                and the kidneys to reabsorb  

                                                         and                                                                       . 
 
21. Release of ADH causes the renal tubules to reabsorb                                                           
 
22. Chemical compensation is achieved through an increase in respiratory rate in an effort  to blow off:  

                         

23. Anaerobic metabolism only produces                  (#) moles of ATP. This results in a dysfunctional  

                                  that allows the movement of water from the 

                                                                    compartment to the           
fluid compartment. 
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24. This fluid shift will cause the release of enzymes within the cell called:         
 

 
 
5. Why does a patient have minimal, if any, signs and symptoms when in a Class I hemorrhage? 

 
26. 

What effect does their release have on the cell? 

2
 

List four clinical signs of a Class II hemorrhage: 

                         

                         

                         

                         

 
 
28. 

 
 

 
 
 

 
33. An adult presents with chest pain, dyspnea, dusky skin, and bilateral crackles. VS: BP 60/30; P 90; 

 
7. Which of these signals the transition from compensated to decompensated shock? 2

A. Increase in pulse rate to 110 
B. Drop in systolic blood pressure to <100 
C. Complaint of thirst 
D. Cool, pale skin 

 
At what class of hemorrhage does the patient start to show signs of decompensated shock? 

Which statement is true relative to using a tourniquet to stop external hemorrhage? 

A. Apply a BP cuff inflated to 1 mmHg higher than the SBP to stop extremity bleeding. 
B. The tourniquet should be released every 10 minutes to flush out acids and waste products.. 
C. Use a thin or narrow constricting band like the IV tourniquet to avoid tissue damage. 
D. Apply the tourniquet loose enough to slow venous return but preserve distal pulses. 

 
29. What is the target SBP in early volume resuscitation of patients that have penetrating trauma to the 

torso? 

30 Why must all IV fluids be warmed for patients in shock? 

 
31. Which is true regarding the use of PASG? 

A. Inflation of the PASG returns about 1 liter of blood to the central circulation. 
B. The PASG has been found to have no practical benefit and should not be used. 
C. The PASG should be inflated in all patients with chest trauma and a BP < 90. 
D. Inflation of the PASG provides good external stabilization of pelvic fractures. 

 
32. What is the minimum MAP needed to maintain aortic root pressures and perfuse coronary arteries? 
 

R 24; SpO2 86%. After IMC, what inotropic drug and dose is indicated? 
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an lo  o en ati  b ow 
the shoulders. VS: BP 70/40; P 48; R 16 and shallow with only abdominal and no chest wall 

ient’s upper lip but the skin is warm and dry below 
the shoulders. What etiology of shock should be suspected? 

 

34. An adult presents following an MVC with paralysis of the arms and legs d ss f s s on el

movement. There are beads of sweat on the pat

                         

5. After IMC, what drug (dose and route) is indicated first to increase the HR in the above patient? 

            

 
3

             

36. 
 
If the above intervention fails to elevate the BP, what drug (dose and route) is indicated next? 

                         
 
37. 

P 110; R 32 and 

             

An adult presents with extreme respiratory distress following the unsuspected ingestion of peanut 
oil. Family members state that the patient is very allergic to peanuts. The patient’s tongue, lips and 
eyelids are extremely swollen. There is audible stridor and wheezes. VS: BP 72/44; 
labored; SpO  88%. After IMC, what drug (dose, route) is indicated first? 2

            

 be repeated and up to what maximum dose? 

                        

 
rugHow often can this d

 
 
8. What long-acting antihistamine is also indicated?              3  

  

 
39. What drug(s) should be given to this patient for the wheezing? 

                       
 
40. tic shock in What adjustment should be made to the dosing of epinephrine for a patient in anaphylac

cardiac arrest? 
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 Differentiation of Shock 
 

Origin Etiology BP P Skin Lungs EMS Treatment 

↓ Pump 
performance Cardiogenic ↓ ↓ or ↑ Pa , p wle, cool moist Crackles Do amine lo  dose 

↓ Fluid / Volume Hypovolemic ↓ ↑ Pa , lule, cool moist Clear IV f ids 

Neurogenic ↓ lu p
aFlushed, dry, warm Clear IV f

dop
ids, 
min

atro
e 

ine, high dose 

Septic ↑ Flush a o o r r lu  ed/p le, hot/c ol, m ist C ackles if pulmona
origin 

y IV f ids, high dose dopamine 

Vessels / Container 
dilates: 
maldistribution of 
blood; low 
peripheral 
resistance 

Anaphylactic 

↓ 

↑ Flushed/warm/moist a n
, ri

n h
u t

May have wheezes; 
↓ w/ no soum y be ds 

IVF
Be
alb

epin
adryl
terol

eph
 (dip
, ipra

ne, 
enh
ropi

ydramine), 
um 

 

Assessment Pa e h  ram ters in S ock

PARAMETER HYPOVOLEMIC CARDIAC NEUROGENIC SEPTIC 

MAP (BP) ↓ ↓ ↓ ↓ 

HR ↑ ↑ or ↓ ↓ ↑ 

CO ↓ ↓ h↓ ↑ t en ↓ 

PVR ↑ ↑ ↓ ↑ 

SpO2 ↓ ↓ ↓ ↓ 

EtCO2 ↓ ↓ ↑ RRw ↓  ↓ 

Notes: 


