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HEMODYNAMIC DISORDERS  

EMBOLISM, INFARCTION 

  & SHOCK 
 

Dr. Muna                                                                                     Lec. 10 

EMBOLISM 

EMBOLISM is the “intravascular transference of mass to site distant from 
its point of origin.  

An embolus is a detached intravascular solid, liquid, or gaseous mass that is 

carried by the blood to a site distant from its point of origin.  

Forms of emboli  

1. Thromboemboli: representing a dislodged thrombus or part of it. This 

type virtually constitutes 99% of all emboli.   

2. Fat emboli consisting of fat droplets  

3. Air emboli consisting of bubbles of air or nitrogen 

4. Atherosclerotic emboli (cholesterol emboli) consisting of athermatous 

debris 

5.  Tumor emboli made up of fragments of a tumor  

6. Bone marrow emboli: consisting of bits of bone marrow 

7. Foreign body emboli as bullets or shrapnel .  

  

Depending on the site of origin, emboli may lodge anywhere in the vascular 

tree; the clinical outcomes are best understood from the standpoint of 

whether emboli lodge in the pulmonary or systemic circulations. 

 

PULMONARY THROMBO-EMBOLISM 

This has an incidence of 25/100,000 hospitalized patients. It is considered 

the most common preventable cause of death in hospitalized patients.   

Depending on its size, the embolus may settle within  

1. The main pulmonary trunk 

2. Across the bifurcation (saddle embolus) 

3. The main pulmonary arteries 

4.  The medium sized pulmonary arteries 

5. Pass out into the smaller branching arteries or arterioles  

CLINICAL OUTCOME OF PULMONARY THROMBO-EMBOLISM 

Depends on 

     1.  Severity of occlusion  

 a. Size of pulmonary artery occluded 
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b. Number of occluding emboli 

     2.  Cardio-respiratory status of the patient 

Most pulmonary emboli (60 - 80%) are clinically silent because they are 
small. They eventually become organized and become incorporated into 
the vascular wall. 

SYSTEMIC EMBOLISM 
This refers to emboli in the arterial circulation.  
Sources include 

1. Intra cardiac mural thrombi (80%) that complicate 

       a. infarction of the left ventricular wall (70%)  

       b. dilated left atria (e.g., secondary to mitral valve disease) (25%). 

2. Aortic aneurysms  

3. Ulcerated atherosclerotic plaques 

4. Valvular vegetations. 

5. 10-15%  are of unknown origin. 

 The major sites for arteriolar embolization are  
1. The lower extremities (75%) 

2. The brain (10%) 

3. The intestines (mesenteric vessels), kidneys, and spleen.  

4. The upper limbs are the least common sites 

Clinical significance 

The consequences of embolization in a tissue depend on  

1. Vulnerability of the tissue to ischemia 

2. Caliber of the occluded vessel 

3. The efficiency of the collateral blood supply 

 

Fat & bone marrow embolism 

Although fat and marrow embolism occurs in some 90% of individuals with 

severe skeletal injuries including major fractures, only about 10% of such 

patients show any clinical findings.  
 The Fat embolism syndrome comprises  

     - pulmonary insufficiency,  

     - neurological symptoms, 

     - anemia,  

     - thrombocytopenia, &  

     - globules of fat in the urine;  
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   It is fatal in about 10% of cases.   
•  The pathogenesis of this syndrome involves mechanical obstruction 

& biochemical injury. It may further be complicated by DIC.  

Air Embolism 
Gas bubbles or Air may enter the circulation: 

   a- during obstetric procedures (air insufflation of tubes) or  

   b- as a consequence of chest wall injury. 
Generally, more than 100 ml of air are required to produce a clinical effect;  
bubbles can coalesce to form frothy masses sufficiently large to occlude 
major vessels.  
A particular form of gas embolism, called decompression sickness, occurs 
when Deep-sea divers and underwater construction workers are brought to 
the surface quickly 

Amniotic Fluid Embolism 
Amniotic fluid embolism is a grave but uncommon complication of labor (1 
in 50,000 deliveries). It has a mortality rate of up to 40%.Caused by entry of 
amniotic fluid into the maternal circulation via a tear in the placental 
membranes with the fluid gaining access into ruptured uterine veins.   
  

INFARCTION 

This is defined as “localized area of ischemic cell necrosis in a living organ 

or tissue, resulting most often from sudden reduction or cessation of its 

arterial blood supply or occasionally its venous drainage” 

Causes of vascular obstruction 

1. Nearly 99% of all infarcts result from thrombotic or embolic events, and 

almost all result from arterial occlusion.  

2. Expansion of atheromatous plaques by intraplaque hemorrhage 

3. Spasm of coronary arteries  

4. Pressure on a vessel from outside (e.g.Tumor ). 

 Types of infarction 
A- On the basis of color  (reflecting the amount of hemorrhage) 

      1. Anemic (white/pale)     2. Hemorrhagic (red)  

B-Presence/absence of bacterial contamination  
1. Septic     2. Bland. 

   Pale (White) infarcts encountered with Arterial occlusion, in solid 

organs such as heart ,kidney spleen where the solidity of the tissue limits 

the amount of hemorrhage that can escape into the area of ischemic 

necrosis from adjoining capillary beds. 

 Red infarcts occur in loose tissues, with venous occlusions, In tissues 
having double blood supply, in tissues already congested. Typical 
example is lung. 
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 Septic infarctions occur when bacterial vegetations from a heart valve 

embolize, when microbes seed an area of necrotic tissue, or when 

infarction occurs in an already infected area. In these cases the infarct 

is converted into an abscess. 

Gross features  
• Tend to be wedge-shaped with apex pointing toward focus of 

vascular occlusion. The exact outline of infarct may be variable 

(geographic)With the passage of time infarct becomes more 

demarcated color difference more intense consistency firmer.In solid 

organs infarct pale & in spongy/soft tissues it is red-blue. 

Microscopic features  
• All infarcts there ischemic coagulative necrosis except the Brain 

differs the ischemic necrosis is of liquefactive type. In labile or stable 

tissue ,parenchymal regeneration can occur at the prephary.However 

,most infacts are replaced by fibrosis. 

Factors That Influence Development of an Infarct 

1- Nature of the Vascular Supply 
The most important factor that determines whether occlusion of a vessel will 
cause damage is the Organs presence or absence of an alternative blood 
supply (collateral circulation). Organs with dual blood supply e.g. the lungs, 
and the liver, the second circulation prevents infarction   
2- Rate of Development of Occlusion  

Slowly developing occlusions are less likely to cause infarction because they 

provide time for the development of collateral vessels.    

3- Vulnerability of tissue to Hypoxia 

The susceptibility of a tissue to hypoxia influences the likelihood of 

infarction. Neurons undergo irreversible damage when deprived of their 

blood supply for only 3 to 4 minutes. Myocardial cells, though more 

resistant to hypoxic damage than neurons, are also quite sensitive and die 

after only 20 to 30 minutes of ischemia. In contrast, skeletal muscles & 

fibroblasts within a limb may remain viable after many hours of ischemia. 

4- Oxygen Content of Blood    

The partial pressure of oxygen in blood also determines the outcome of 

vascular occlusion. Partial flow obstruction of a small vessel in an anemic or 

cyanotic patient might lead to tissue infarction, whereas it would be without 

effect under conditions of normal oxygen tension.       

Clinical significance of infarction  
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 Tissue infarction is a common and extremely important cause of clinical 

illness. More than half of all deaths are caused by cardiovascular disease, 

and most of these are due to myocardial or cerebral infarction.  

 Ischemic necrosis of the extremities (gangrene) is a serious problem in the 

diabetics. 

SHOCK 

Shock   is a state of systemic hypoperfusion that is caused either by reduced 

cardiac output or by reduced effective circulating blood volume. The end 

results are hypotension, impaired tissue perfusion, and cellular hypoxia. It is 

the final common pathway for a number of potentially lethal clinical events.   

Categories of shock 

A. Cardiogenic 

B. Hypovolemic 

C. Septic  

D. Neurogenic  – less common 

E. Anaphylactic- less common  

Pathogenesis & clinical examples 

Cardiogenic shock is due to myocardial pump failure resulting from 

intrinsic myocardial damage, extrinsic pressure, or obstruction to outflow. 

Examples include 

 Myocardial infarction 

 Ventricular rupture  

 Arrhythmia 

 Cardiac tamponade 

 Pulmonary embolism 

Hypovolemic shock is due to inadequate blood or plasma volume. Examples 

include 

 Hemorrhage (external or internal) 

 Fluid loss (e.g., severe continuous vomiting &/or diarrhea, extensive 

burns) 

Septic shock is due to peripheral vasodilation and pooling of blood; 

endothelial activation/injury; leukocyte-induced damage; disseminated 

intravascular coagulation; activation of cytokine cascades. Examples 

include: 

 Overwhelming microbial infections 

- Endotoxic shock 

- Gram-positive septicemia 

- Fungal sepsis 



 6 

Neurogenic shock is due to loss of vascular tone and peripheral pooling of 

blood.  

Examples include 

 Anesthetic accidents 

 Spinal cord injury 

Anaphylactic shock is caused by an Ig E mediated (type I) hypersensitivity 

reaction. In these situations, acute severe widespread vasodilation with 

subsequent pooling of the blood results in tissue hypoperfusion and cellular 

anoxia. Examples include drugs anaphylaxis. 

Stages of Shock 

Shock is a progressive disorder that if uncorrected passes into deeper levels 

of homodynamic/metabolic deterioration that eventuates in death. Unless the 

insult is massive and rapidly lethal, shock tends to evolve through three 

stages.   

1- Non-progressive (compensated) stage during which reflex compensatory 

mechanisms are activated and perfusion of vital organs is maintained.  It 

include 

1. Arteriolar constriction leading to increase in peripheral vascular resistance 

& hence blood pressure. 

2. Increase in heart rate leading to increase in cardiac output. 

3. Retention of fluids by kidney . 
2- Progressive (decompensated) stage occurs if 

 1-Uunderlying cause is not dealt with 

 2- Additional aggravating factor is added 

  A- Extensive burn complicated by infection 

  B- Hypovolemia in elderly complicated by MI. 
Despite compensatory mechanisms, progressive decline in BP/COP lead to    
progressive wide spread tissue anoxia  ,  lactic acidosis ,arteriolar dilation,  
further ↓ in cardiac output ,Anoxic injury of endothelial cells & DIC and 
vital organ begin to fail. 

3- Irreversible stage  
•  Point of no return /  even correction of homodynamic disturbances 

would not stop downward deterioration 

  - progressive ↓ COP/BP 

  - worsening of metabolic acidosis 

  irreversible injury to cell membranes 

  extrusion of cell contents to outside 

 ischemic cell death in vital organs 


