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VASCULAR  
EVENTS OF  
INFLAMMATION



DEFINITION :

Inflammation is defined as the local response of living 
mammalian tissues to injury due to any agent.

It is a body defense reaction in order to eliminate or limit 
the spread of injurious agent followed by removal of the 
necrosed cells and tissues.





AGENTS CAUSING INFLAMMATION :

Infective agents 
( Bacteria , 

Viruses & their 
toxins , Fungi , 

Parasites )

Immunological 
agents 

( Cell mediated 
and antigen-

antibody 
reactions )

Physical agents
( Heat , Cold , 

Radiation , 
Mechanical 

trauma )

Chemical agents
( Organic & 
Inorganic 
poisons ) 

Inert materials 
( Foreign bodies 

)



SIGNS OF INFLAMMATION :

The Roman writer Celsus in 1st century A.D named the 
famous 4 cardinal signs of inflammation as

• Rubor ( Redness )
• Tumor ( Swelling )
• Calor ( Heat )
• Dolor ( Pain )

To these 5th sign Functio laesa ( loss of function ) was later 
added by Virchow.



TYPES OF INFLAMMATION :

Depending on the defense capacity of the host and duration 
of response , it can be classified as 
• Acute
• Chronic

ACUTE INFLAMMATION :

• Short duration ( lasting less than 2 weeks )
• Represents the early body reaction
• Resolves quickly and is usually followed by healing 



Main features of acute inflammation :

1. Accumulation of fluid and plasma at the affected site

2. Intravascular activation of platelets

3. Polymorphonuclear neutrophils as inflammatory cells

Sometimes the acute inflammatory response may be quite 
severe and is termed as fulminant acute inflammation.



CHRONIC INFLAMMATION :

•Longer duration

•Occurs either after the causative agent of acute 
inflammation persists for a long time or the stimulus is 
such that it induces chronic inflammation from the 
beginning.

•Variant - Chronic active inflammation . It is the type of 
chronic inflammation in which during the course of 
disease there are acute exacebrations of activity. 



Characteristic features of chronic inflammation :

•Presence of inflammatory cells such as lymphocytes , 
plasma cells and macrophages.

•Granulation tissue formation



FEATURES ACUTE 
INFLAMMATION

CHRONIC 
INFLAMMATION

ONSET Fast ;
Minutes or hours

Slow ;
Days

CELLULAR 
INFILTRATE

Mainly neutrophils Monocytes / 
Macrophages and 
lymphocytes

TISSUE 
INJURY , 
FIBROSIS

Usually mild and 
self-limited

Often severe and 
progressive

LOCAL AND 
SYSTEMIC 
SIGNS

Prominent Less prominent , 
may be subtle



COMPONENTS OF ACUTE AND CHRONIC 
INFLAMMATORY RESPONSES & THEIR FUNCTIONS 



Acute inflammatory response by the host to any agent is a 
continuous process.

COMPONENTS OF ACUTE 
INFLAMMATION :

• Alterations in vessel caliber
• Changes in vessel wall

VASCULAR 
CHANGES

• Exudation of leucocytes
• Phagocytosis

CELLULAR 
EVENTS





VASCULAR EVENTS :

•Alteration in the microvasculature is the earliest response 
to tissue injury.

•These alterations include –

•Hemodynamic changes

•Changes in vascular permeability



HEMODYNAMIC CHANGES 

Earliest features of inflammatory response result from 
changes in vascular flow and caliber of small blood vessels 
in the injured tissues. 

SEQUENCE OF CHANGES : 

1. Immediate vascular response is transient vasoconstriction 
of arterioles.

•Mild form of injury – blood flow re-established in 3-5 
seconds.

•Severe form of injury – vasoconstriction may last about 5 
minutes.



2.Followed by persistent progressive vasodilatation which 
involves mainly
arterioles compared to other components of microcirculation.

•This change is obvious within half an hour of injury.

•Vasodilatation results in increased blood volume in 
microvascular bed of the area, which is responsible for 
redness and warmth at the site of inflammation.



3. Progressive vasodilatation in turn elevates the local 
hydrostatic pressure resulting in transudation of fluid into 
the extracellular space.

•This is responsible for swelling at the local site of acute 
inflammation.



4. Slowing or stasis of microcirculation follows which causes 
increased concentration of red cells and raises blood viscosity.

5. Stasis is followed by leucocytic margination or 
peripheral orientation of leucocytes (mainly neutrophils).

•Leucocytes stick to the vascular endothelium and then move 
and migrate through the gaps between the endothelial cells 
into the extravascular space. This process is called 
emigration.





LEWIS EXPERIMENT 

•The features of hemodynamic changes in inflammation
are best demonstrated by this experiment.

•Lewis induced the changes in the skin of inner aspect of 
forearm by firm stroking with a blunt point. The reaction 
elicited is known as triple response or red line response.

•It consists of 

i ) Red line – appears within a few seconds due to local 
vasodilatation of capillaries and venules.



ii ) Flare – Bright reddish appearance or flush surrounding 
the red line results from vasodilatation of adjacent arterioles.

iii ) Wheal – Swelling or edema of the surrounding skin due 
to transudation of fluid into extravascular space.
These features elicit the classical signs of inflammation.



EXUDATE AND TRANSUDATE :

Exudate :
•Oedema of inflamed tissues associated with increased 
vascular permeability.
•Contains many cells mainly inflammatory 
•Ex : Purulent exudate such as pus.

Transudate :
•Filtrate of blood plasma without changes in endothelial 
vascular permeability.
•Contains few cells mainly mesothelial ad cellular debris.
•Ex : Edema in congestive cardiac failure.



ALTERED VASCULAR PERMEABILITY 

PATHOGENESIS :

•In and around the inflamed tissue , there is accumulation of 
oedema fluid in the interstitial compartment which comes 
from blood plasma by its escape through the endothelial wall.

•In the initial stage  - escape of fluid is due to 
vasodilatation 

consequent elevation in hydrostatic pressure 

•This is transudate in nature.



•The appearance of inflammatory oedema due 
to increased vascular permeability of 
microvascular bed is explained on the basis of 
Starling’s hypothesis. 

•In normal circumstances , the fluid balance is 
maintained by two opposing sets of forces :

•Forces that cause outward movement of fluid 
from microcirculation - intravascular 
hydrostatic pressure and colloid osmotic 
pressure of interstitial fluid.

•Forces that cause inward movement of 
interstitial fluid into circulation - intravascular 
colloid osmotic pressure and hydrostatic 
pressure of interstitial fluid.



In normal tissues :

Whatever little fluid is left in the interstitial compartment is 
drained away by lymphatics and thus no edema results.

In inflamed tissues :

Endothelial lining of microvasculature becomes more leaky

Intravascular colloid osmotic pressure decreases
Osmotic pressure of interstitial fluid increases

Outward flow of fluid into the interstitial compartment which 
is exudative inflammatory oedema.





1. CONTRACTION OF ENDOTHELIAL CELLS  

•It is the most common mechanism of increased leakiness
that affects venules exclusively while capillaries and 
arterioles remain unaffected.

•Endothelial cells develop temporary gaps between them 
due to their contraction resulting in vascular leakiness.



•It is mediated by release of histamine , bradykinin and 
other chemical mediators.

•The response begins immediately after injury and is usually 
reversible.

•It is of short duration ( 15-30 minutes )

•Ex : Mild thermal injury of skin of forearm



2. RETRACTION OF ENDOTHELIAL CELLS :

•There is structural re-organization of the cytoskeleton of 
endothelial cells that causes reversible retraction at the 
intercellular junctions.

•Affects venules.

•Mediated by cytokines such as interleukin-1 ( IL-1 ) and 
tumor necrosis factor (TNF ) alpha.



•Onset of response takes 4-6 hours after injury and lasts for 
2-4 hours or more 
( delayed and prolonged leakage ).

•Ex :  This type of response exists in vitro experimental 
work only.



3. DIRECT INJURY TO ENDOTHELIAL CELLS :

•Direct injury to the endothelium causes cell necrosis and 
appearance of physical gaps at the site of detached 
endothelial cells.

•Process of thrombosis is initiated at the site of damaged 
endothelial cells.

•Affects all levels of microvasculature ( venules , capillaries 
and arterioles ).



•Increased permeability appears either
Immediately after injury and lasts for several hours or days ( 
immediate sustained leakage )
or
After a delay of 2-12 hours and last for hours or days (delayed 
prolonged leakage )

•Ex :
•Immediate sustained leakage – Severe bacterial infections 

•Delayed prolonged leakage  – Moderate thermal injury 

Radiation injury



4.ENDOTHELIAL INJURY MEDIATED BY LEUCOCYTES :

•Adherence of leucocytes to the endothelium at the site of 
inflammation result in activation of leucocytes.

•Activated leucocytes release proteolytic enzymes and 
toxic oxygen species which cause endothelial injury and 
increased vascular leakiness.

LEUCOCYTE- DEPENDENT 
INJURY 
• Mostly venules
• Pulmonary capillaries
• Late response



•Affects mostly venules and is a late response.

•Ex : Seen in sites where leucocytes adhere to the vascular 
endothelium 

Pulmonary venules and capillaries



5. LEAKINESS IN NEOVASCULARISATION :

•Newly formed capillaries under the influence of vascular 
endothelial growth factor ( VEGF ) during the process of 
repair and in tumors are excessively leaky.

NEW BLOOD VESSEL 
FORMATION
• Sites of angiogenesis
• Persists until intercellular 

junctions form



MECHANISM MICROVASCUL
ATURE

RESPONSE 
TYPE 

PATHOGENESI
S

EXAMPLES

1.Endothelial 
cell contraction

Venules Immediate 
transient
( 15-30 min )

Histamine , 
bradykinin, 
others

Mild thermal 
injury

2.Endothelial 
cell retraction

Venules Somewhat 
delayed ( 4-6 
hours )
Prolonged ( 24 
hours or more )

IL-1 , TNF-α In vitro only

3.Direct 
endothelial cell 
injury

Arterioles , 
venules , 
capillaries

Immediate 
prolonged ( 
hours to days )
Delayed ( 2-12 
hours )
Prolonged ( 
Hours to days )

Cell necrosis 
and 
detachment

Moderate to 
severe burns , 
Severe 
bacterial 
infections , 
Radiation 
injury 

4.Leucocyte -
mediated 
endothelial 
injury

Venules , 
capillaries

Delayed ,
Prolonged

Leucocyte 
activation

Pulmonary 
venules and 
capillaries

5.Neovascularis All levels Any type Angiogenesis , Healing , 
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