
Very important 

Extra information 

* Guyton corners, anything that is colored with grey is EXTRA explanation 
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Objectives : 

SHOCK 

Contact us : Physiology435@gmail.com 

• Define circulatory shock. 
 

• Describe the types and causes of shock. 
 

• Body compensatory mechanisms during reversible phases of hemorrhagic shock. 
 

• Mechanisms responsible for the irreversible phase of hemorrhagic shock. 
 



SHOCK 
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Before you start, just refresh your mind: 

The basic unit of life is the  Cell Gets its needed energy to stay alive.  

No oxygen = no energy = no life 
The cell obtains energy from:  

1. Oxygen. 

2. Breaking down of glucose ( cellular respiration ) 

Shock (Circulatory Shock) 

 - What is it? 

    Any condition in which the circulatory system is unable to provide adequate 

    circulation & tissue perfusion, resulting in: 

      * failure to deliver oxygen to the tissues & vital body organs relative to 

      its metabolic requirement.  

      * organ dysfunction. 

      * cellular damage. 

  If not quickly corrected, it may lead to irreversible shock leads to death. 
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circulatory shock 

Low Output Shock 
High or normal 
Output Shock  

Hypovolemic  

Cardiogenic  Obstructive 

The main problem is in 

less cardiac output 

Distributive 
Neurogenic/Spinal  

Distributive 
vasogenic 

Anaphylactic  Psychogenic  

Septic \ toxic 

The main problem is in the 

less peripheral resistant.  

Notes: 
- Shock is also called (circulatory shock), because there is failure in the circulation 
(perfusion.) 
- The sequence of shock is : 
No tissue perfusion       no oxygen       cellular hypoxia       dysfunction of vital 
organs       death of cell        organs failure. 

https://www.youtube.com/watch?v=9a7N9AU1GiQ


 5 

Distribution of shock 

Hypovolemic- most common type: 

Hemorrhagic, occult fluid loss. 

Cardiogenic: 

Ischemia, arrhythmia, valvular, 

myocardial depression. 

Distributive: 

Anaphylaxis, sepsis, neurogenic 

Obstructive: 

Tension pneumo, pericardial 

temponade, Pulmpnary embolism (PE)  

Notes:  
- The net result of circulatory shock is  low arterial pressure. 
- In the distributive shock (problem in the peripheral resistant): firstly the cardiac 
output will be high or normal        then there will be massive 
vasodilatation        accumulation of blood in veins        decrease venous 
return         eventually cause decrease in cardiac output. 

https://www.youtube.com/watch?v=CbM4UihE1TQ


Low CO due to 

 

•Inadequate plasma\blood 
volume ( loss of 15-25% \ 
1-2L ).                  

 

 

•Reduced venous return  
( preload ). 

 

Causes 

 

• Loss of blood  ( hemorrhagic 
shock  ‘common’ ) :                          
- External: trauma , GIT bleeding 

 

 

 

• Loss of plasma  : burns , 
exfoliative dermatitis . 

 

•  Loss of fluid          

Symptoms 

 

- Internal: hematoma, hemothorax 

or hemoperitoneum.   

- External: vomiting , diarrhea , excessive 

sweating , hyperosmolar states (diabetic 

ketoacidosis , hyperosmolar nonketotic  

coma).  

 

- Internal:( third-spacing ) ; pancreatitis , 

ascites , bowel obstruction. 

• Hypotension (≤ 85/40 mmHg) 

• Tachycardia  (Compensation for   

↓ MAP sensed by Baroreceptors) 

 

•  Rapid, weak, & thready pulse        

(140/min). 

•  Intense thirst. 

•     Tachypnea “rapid respiration”  

(Compensation for hypoxia  

       sensed   by Chemoreceptors). 

•  Restlessness due to hypo-

perfusion. 

•  Cold, pale skin (due to hypo-

perfusion). 

•  Oliguria (low urine output)/ 

Anuria (no urine output). 

 

•  Blood test: Lactic acidosis. 

 

• Guyton corner : hypovolemic means diminished blood volume. Hemorrhage is the most common cause of 

hypovolemic shock. Hemorrhage decrease the filling pressure of the circulation and , as a consequence decrease venous 

return. As a result, the CO falls below normal and shock may ensue. 

Hypovolemic shock  

 عند فقدان المريض لهذه الكمية من السوائل
shock هنا نعتبر أنه في حالة     

من , عند انخفاض كمية الدم الداخلة إلى القلب

 الطبيعي بالتالي انخفاض كمية الدم الخارجة منه
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*NOTE : 

The problem is in Cardiac output 

         [  MAP = CO X  PR ] 

 



Low CO due to 

 

 

Causes 

 

Symptoms 

 

Cardiogenic shock  

• Failure of 
myocardial 

pump, despite 
adequate 

ventricular 
filling pressure.  

 

• Myocardial infarction          

( most common )  

• Cardiomyopathy 
 

• Myocarditis  
 

• Cardiac tamponade  
 

• Acute valvular dysfunction 

e.g. (rupture of papillary 

muscle post MI). 
 

• Congestive heart failure  
 

• Sustained arrhythmias  

e.g.  (heart block , ventricular 

tachycardia). 
 

• Pulmonary embolism.  

 

• Sepsis 

 

• Similar signs & 
symptoms to that of 
hypovolemic shock. 
 

Congestion of lungs 
& viscera (Chest X-
ray): 
 
•  Interstitial 

pulmonary edema. 
•  Alveolar edema. 
•  Cardiomegaly.. 

 

Other 
 

•  Is associated with 

loss of more than 

40% of left 

ventricular 

myocardial 

function.  

 

 

• Mortality rate is 

high ( 60-90%)  

 

• The cardiac tamponade is : fluid accumulates in the pericardium resulting in impeding the stretch of pericardial sac. 

• You can indicate if there is cardiogenic shock by : ejection fraction ( normally it’s 0.54 , if it decrease more than 40% 

        it indicate as cardiogenic shock ) 

*NOTE : 

The problem is in 

Cardiac output  

[MAP = CO X  PR ] 
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obstruction of 

venous return 

 

 

Compression of 

the heart  

 

Obstruction of the 

outflow of the heart  
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*NOTE : 

The problem is in Cardiac output  [  MAP = CO X  PR ] 

Obstructive shock  

• Example : 
Vena Cava syndrome          
( usually neoplasms )  

• Example : 

 

hemorrhagic pericarditis 

→ cardiac tamponade. 

 

• Aortic dissection. 
 

• Massive pulmonary 
embolism.  
 

• pneumothorax 

 

Cardiac output is reduced by vascular obstruction : 
 

https://www.youtube.com/watch?v=rOADTgtWuD4
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Distributive Shock: High / Normal 

Output 

General 

information 

CO is normal 
or elevated 

Distribution is 
inappropriate 

Shock is due to 
loss of vascular 

resistance 

Mean Arterial 

Pressure (MAP)  

The problem is 
in Peripheral 
Resistance 

 

MAP =  

CO X  PR  

Classification 

Distributive 

Vasogenic   

Distributive  
Neurogenic/Spinal 
(Venous pooling)  

  

- Venous pooling mean : accumulation of blood in  

veins which will affect the venous return. 

Anaphylactic 

Septic / Toxic 

Psychogenic 
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Distributive Vasogenic 

Anaphylactic 

• Massive & generalized 
allergic reaction 

 

• Histamine triggers 
peripheral vasodilation 
and increase capillary 
permeability   

 

• Can lead to low output 
distributive shock 

 

• IgE- mediated 
hypersensitivity 

Septic / Toxic 
(endotoxic shock) 

• Bacterial endotoxin 
triggers peripheral 
vasodilatation and 
endothelial injury 

 

• Hyperdynamic state 

 
• Signs & symptoms: 

Patient flushed & warm        
 due to his Hyperdynamic 
state. 

Psychogenic 

• Simple fainting ( syncope ) 

 

• Caused by stress, pain, or 
fright 

 

• Decrease HR & vessels 
dilate 

 

• Brain becomes 
hypoperfused 

 

• Loss of consciousness 

- Septic distributive shock caused by : the endotoxin 

of bacteria ( either gram +ve or gram -ve ) 



Guyton corner : 
 
•  Occasionally, cardiac output is normal or even greater than normal, yet the person is in circulatory shock. This can result from 

 (1) excessive metabolic rate, so even a normal cardiac output is inadequate, or (2) abnormal tissue perfusion patterns, so most of the 

cardiac output is passing through blood vessels besides those that supply the local tissues with nutrition.  

• Anaphylaxis is an allergic condition in which the cardiac output and arterial pressure often decrease drastically. It results primarily from 

an antigen-antibody reaction that rapidly occurs after an antigen to which the person is sensitive enters the circulation. One of the principal 

effects is to cause the basophils in the blood and mast cells in the per-capillary tissues to release histamine or a histamine-like substance. The 

histamine causes (1) an increase in vascular capacity because of venous dilation, thus causing a marked decrease in venous return; (2) 

dilation of the arterioles, resulting in greatly reduced arterial pressure; and (3) greatly increased capillary permeability, with rapid 

loss of fluid and protein into the tissue spaces. The net effect is a great reduction in venous return and sometimes such serious shock that the 

person dies within minutes. Intravenous injection of large amounts of histamine causes “histamine shock,” which has characteristics almost 

identical to those of anaphylactic shock.  

•  Septic shock refers to a bacterial infection widely disseminated to many areas of the body, with the infection being borne through the blood 

from one tissue to another and causing extensive damage.  

- There are many varieties of septic shock because of the many types of bacterial infections that can cause it and because infection in different 

parts of the body produces different effects.  

- other than cardiogenic shock, septic shock is the most frequent cause of shock-related death in the modern hospital. 

-  In early stages of septic shock, the patient usually does not have signs of circulatory collapse but only signs of the bacterial infection. 

As the infection becomes more severe, the circulatory system usually becomes involved either because of direct extension of the infection or 

secondarily as a result of toxins from the bacteria, with resultant loss of plasma into the infected tissues through deteriorating blood capillary walls. 

There finally comes a point at which deterioration of the circulation becomes progressive in the same way that progression occurs in all other types 

of shock. The end stages of septic shock are not greatly different from the end stages of hemorrhagic shock, even though the initiating factors are 

markedly different in the two conditions.  
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Guyton corner 
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Distributive Neurogenic/Spinal 
(Venous pooling) 

Circulatory 

failure 

Loss or drop in 
vasomotor 
(vascular)             
tone / spinal 
cord  injury 

Behaves like 
hypovolemic 
shock 

Blood volume 
remains normal 

Generalized 
peripheral 
vasodilation 

CO is severely 
reduced as 
blood is pooled 
in peripheral 
veins 

• Guyton corner : 
-  In neurogenic shock, Shock 
occasionally results without 

any loss of blood volume. 
Instead, the vascular capacity 
increases so much that even 
the normal amount of blood 
becomes incapable of filling 

the circulatory system 
adequately. One of the major 
causes of this is sudden loss of 

vasomotor tone throughout 
the body, resulting especially in 

massive dilation of the veins.  
- Causes of Neurogenic Shock: 

1. Deep general anesthesia 
often depresses the vasomotor 

center enough to cause 
vasomotor paralysis, with 

resulting neurogenic shock.  
2. Spinal anesthesia, especially 
when this extends all the way 
up the spinal cord, blocks the 
sympathetic nervous outflow.  

3. Brain damage is often a 
cause of vasomotor paralysis. 

Also, even though brain 
ischemia for a few minutes 

almost always causes extreme 
vasomotor stimulation, 

prolonged ischemia (lasting 
longer than 5 to 10 minutes) 

can cause the opposite 

- Capacity of blood ↑ 

- Venous  return ↓ 
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Distributive Neurogenic/Spinal 

Acute spinal cord injury 

Deep general anesthesia depresses the vasomotor center 

Spinal anesthesia blocks the sympathetic nervous system  

Causes of neurogenic shock : 

Brain damage can be a cause of vasomotor paralysis 
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Pathophysiology of Shock 

Reduce 

capillary 

perfusion 

Inadequate 

tissue oxygen 

Shift to 

anaerobic 

metabolism 

Metabolic 
acidosis 

Release of free 
radicals & 

oxidative stress 

Tissue 
damage 

Apoptosis 



reduced capillary 

perfusion 

hypoxic tissue 

damage, (oxidative 

stress) 

anaerobic 

metabolism 

(anaerobic 

glycolysis) 

Lactic acid 
production 

metabolic acidosis 
(intracellular  

acidosis). 

Failure of  
Na+/K+ pump 

(inc [Na+] & [C++]) 

Lysosomes, 
nuclear 

membranes & 
mitochondrial  

breakdown 

METABOLIC CHANGES & 

CELLULAR RESPONSE TO SHOCK 

Spasm of pre/post capillary sphincters: 

 

• The blood comes out from the heart to all the body throw 

aorta →   to artery to →    arteriole →     to capillary →  

to venule to → vein then come back to the heart. 

 

• between arteriole/venule and capillary there is capillary 

sphincters which are somehow control the blood flow , so 

when there is spasm of these pre/post capillary sphincters 

that will affect capillary perfusion. 

 

 15 

1 



2 

3 

precapillary 

sphincters dilate  

(venules are still 

constricted). 

blood stagnation in 

 capillaries.  

hypoxia continue + 

fluid leaves to 

extra  vascular 

compartment. 

further reduction 
in circulating  

blood volume. 

After 3 - 5 hours of shock : 

Granulocytes 

accumulation at 

injured vessels  

free radicals release  further tissue damage. 

METABOLIC CHANGES & 

CELLULAR RESPONSE TO SHOCK 
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METABOLIC CHANGES & 

CELLULAR RESPONSE TO SHOCK 

Guyton corner : At times, a person may be in severe shock and still have an almost normal 

arterial pressure because of powerful nervous reflexes that keep the pressure from falling. At other 
times, the arterial pressure can fall to half of normal, but the person still has normal tissue perfusion and 
is not in shock. 

5 

4 

7 

6 

8 

Damage in GIT mucosa → allows bacteria into circulation. 

Cerebral ischemia → depression of VMC “vasomotor center (sympathetic)” → 

vasodilation + ↓ HR  [ further decrease in blood pressure ]. 

Myocardial ischemia → depressed contractility + myocardial damage  

[ more shock & acidosis ]. 

Respiratory distress syndrome occurs due to damage of capillary 

endothelial cells & alveolar epithelial cells, with release of  cytokines. 

Multiple organ failure & death. 



Sympathetic stimulation: 

Compensatory mechanisms 

• Guyton corner : 

Sympathetic stimulation in compensation of shock causes 3 major events: 
1. Arterioles constrict: increasing peripheral resistance (no effect on CO) 
2. Veins and venous reservoirs constrict: increasing venous return and cardiac output 
3. Heart activity increases: increasing heart rate 
One more compensatory mechanism that's mentioned in the book: 
Increased secretion of the adrenal medullae of epinephrine and norepinephrine, which constricts the peripheral arterioles and veins and 
increases the heart rate. 

13th edition p. 294-295 

1 
• Baroreceptor reflex: stimulated by the decrease in blood pressure 

• Chemoreceptor reflex: stimulated by acidosis 

5 

2 Renin-Angiotensin system activation: 

• Angiotensin II & III: powerful vasoconstrictors 

•  Aldosterone: Na+ & water retention 

The release of antidiuretic hormone (vasopressin): 

4 

3 
• Water retention, vasoconstriction and thirst stimulation 

Plasma protein synthesis. 

Fluid shift mechanism “explained in the next slides” 
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IN NORMAL MICROCIRCULATION 

Blood Capillary Venous Blood 
Hydrostatic Pressure = 30 mmHg Hydrostatic Pressure = 20 mmHg Colloid Osmotic Pressure= 25 mmHg 

Arterial Blood 

Interstitial Fluid 

Hydrostatic Pressure= 0 mmHg 

NFP = +5 mmHg NFP = - 5 mmHg 

 At arterial end: 

•  Water moves out of the capillary with a NFP of +5 mmHg. 

• Hydrostatic pressure dominates at the arterial end & net fluid flows out of the 

circulation. 

 At venous end: 

•  Water moves into the capillary with a NFP of -5 mmHg. 

• Oncotic pressure dominates at the venous end & net fluid will flow into the bloodstream. 

 20  * NFP = Net Filtration Pressure 

https://www.youtube.com/watch?v=ZJVUTkgYhhg


Fluid-Shift mechanism 

• Guyton corner : 
The capillary fluid shift mechanism means simply that anytime capillary pressure falls too low, fluid is absorbed from 
the tissues through the capillary membranes and into the circulation, thus building up blood volume and increasing 
the pressure in the circulation. 

In shock, the hydrostatic pressure decreases & oncotic pressure is constant, as a result: 
• The fluid exchange from the capillary to the extracellular space decreases.  

• The fluid return from the extracellular space to the capillary increases. 

 

That will increase the blood volume & will increase BP helping to compensate shock. 

Normally During Fluid-Shift 
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Fluid-Shift mechanism In Shock 

Blood Capillary Venous Blood 
 

Hydrostatic Pressure = 10 mmHg 
Colloid Osmotic Pressure= 25 mmHg 

Arterial Blood 

Hydrostatic Pressure = 20 mmHg 

Interstitial Fluid 

Hydrostatic Pressure= 0 mmHg 

Decrease outflow Increase inflow 
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https://www.youtube.com/watch?v=stcJl_5431U


Summary 
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Stages of Shock 

Reversible shock 

(Compensated) 

Changes can be 
reversed by 

compensatory 
mechanism 

(neurohormonal 
activation) or by 

treatment 

Defense mechanisms 
are successful in 

maintaining perfusion 

Non-progressive 

Progressive 

Defense 
mechanisms begin 

to fall 

Multi-organ 
failure 

Loss of more than 
30% of blood 

volume 

The deterioration of 
the CVS 

Irreversible 

shock 

Complete failure of 
compensatory 
mechanisms 

Heart deteriorates 
until it can no longer 

pump blood 

Can lead to 
death  

 24 
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Reversible Shock  
(compensated / non-Progressive ) 

Decrease 

in BP 

Increase 
sympathetic 
responses  

Increase 
sympathetic 
responses  

Skin vaso 
constriction 

Vasoconstriction 
to the kidneys  

Release of 
epinephrine and 
nor-epinephrine  

Increase heart 
rate and force of 

contraction  

Hypoxia  

1 

2 

3 

Vasoconstriction to the kidneys lead to :  

 
Decrease 

urine 
output  

Increase 
renin 

secretion  

Increase 
(Angiotensin II 

vasoconstrictor)  

Increase 
Aldosterone  

Increase Na 
reabsorption 

and H2O 
retention  
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Progressive Shock  

(Decompensated) 

• Leads to 
myocardial 
ischemia, and a 
decrease in 
cardiac output → 
More decrease in 
Blood pressure 

Decrease of mean 
BP below 60 mmHg 

•  Decrease in blood 
volume → decrease 
in blood velocity → 
increase Viscosity. 

• Platelets aggregate 
→ Clot formation → 
Obstruction 

Intravascular 
clotting • caused by lysosome 

rupture and 
decrease activity of 
mitochondria → 
decrease active 
transport and 
general metabolism 

Cellular 
destruction 

• Lead to Acidosis 

Build up of 
lactic acid  
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Possible Mechanism in 

development irreversible Shock 

Shock Stimulus 

Lysosome Activation , Release Proteases   

Splitting of Plasma Proteins 

Vasoactive Peptides, Amines, etc. 

Hypotension, Fluid Loss   

Irreversible Shock 
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Compensation  Physiologic 

effect 

 Insult  Type of 

shock 

Baroreceptors  
↑ Systemic 

vascular resistance 
(SVR) 

↓ Cardiac 
output 

Heart fails to pump blood out Cardiogenic  

Baroreceptors  
↑ Systemic 

vascular resistance 
(SVR) 

↓ Cardiac 
output 

Heart pump well, but the outflow is 
obstructed 

Obstructive  

Baroreceptors  
↑ Systemic 

vascular resistance 
(SVR) 

↓ Cardiac 
output 

Heart pumps well , but not enough 
blood volume to pump 

Hemorrhagic  

↑ Cardiac output ↓ SVR Heart pumps well , but there is 
peripheral vasodilation 

Distributive  

Summary 
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Hemodynamics of shock  

Treatment  Systemic 
vascular 

resistance 
(SVR) 

Afterload  

Cardiac output  
 

Pulmonary 
capillary wedge 

pressure  
(PCWP) 
Preload  

Type of shock 

IV fluid  ↑ 
 

↑ 
 

↓ Hypovolemic 
shock 

Inotropes 
revascularization  

↑ 
 

↓ 
 

↑ 
 

Cardiogenic 
shock  

Pressors IV 
fluids  

↓ 
 

↑ 
 

↓ 
 

Distributive 
shock (septic, 
neurogenic)  

* Red arrow indicates primary abnormality 
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Summary 
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