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 Haemo : is a prefix that refers to blood
 Dynamics: the motion of bodies under the 

action of forces.
 Hemodynamics : "blood movement" is the 

study of blood flow 



Oedema - swelling
Shock  - reduced blood
Thrombosis - clot
Embolism  -obstruction
 Infarction  - necrosis



1. ONCOTIC  PRESSURE

(INWARD)
Is a form of osmotic 
pressure exerted by proteins, that 
usually tends to pull water into the 
circulatory system. It is the 
opposing force to hydrostatic 
pressure



(OUTWARD)
This   is  the  capillary  blood  pressure 

.

3.TISSUE  TENSION
This  is the hdrostatic pressure of 
interstitial fluid.







The Greek word ‘oidema’ means 
swelling

Oedema may be defined as 
abnormal and excessive 
accumulation of  “free fluild” in the 
interstitial tissue spaces and 
serous cavities







Localised
•Inflammatory
•Lymphatic
•Toxic-
allergic

Generalised
•Renal
•Cardiac
•Nutritional

Special
•Pulmonary
•Cerebral

Oedema



Besides there are a few special forms of
oedema

1. Pitting oedema: In case of oedema
in the subcutaneous tissue, 
momentary pressure    of finger  
produces a depression known as 
pitting oedema. Eg. Pregnancy, 
dermititis.

2 Non pitting oedema: In which no 
pitting  is produced on pressure. Eg-
myxodema, elephantiasis 





 Non pitting oedema: In which no pitting  is 
produced on pressure. Eg- myxodema, 
elephantiasis 



1. Ascites: peritoneal cavity







Depending upon fluid 
composition 

Transudate -more often in 
case of cardiac and renal 
diseases

Exudate-in case of 
inflammatory oedema



FEATURE Transudate Exudate

DEFINITION Filtrate of blood
plasma with out 
changes in 
endothelial 
permeability

Oedema of 
inflamed tissue
associated  with 
increased vascular 
permeability

CHARACTER Non- inflammatory 
oedema

Inflammatory 
oedema

PROTEIN
CONTENT

Low high

GLUCOSE
CONTENT

Same as in  
plasma

low



SPECIFIC 
GRAVITY Low High

PH >7.3 <7.3
LDH(lactate 
dehydrogenase)

low high

EFFUSION LDH/
SERUM LDH 
RATIO

<0.6 >0.6

CELLS

Example

Few cell 
mainly 
mesothelial
cell
CCF

Many cells:  
Inflammatory as 
well as 
parenchymal

Purulent : pus



 The six mechanisms may be  operating 
singly or in combination 

1) Decreased plasma oncotic pressure
2) Increased capillary hydrostatic 

pressure
3) Lymphatic obstruction
4) Tissue factors
5) Increased capillary permeability
6) Sodium and water retention 





The  plasma  oncotic pressure  
exerted  by  the plasma  proteins  
tends  to  draw  fluid  into  the  
vessels  normally
A  fall  in  the  total  plasma  
protein level  results  in  
lowering  of  plasma  oncotic
pressure  of  blood 



This  results  increased  
outward  movement of  
fluid  from  the  capillary  
wall  and decreased  
inward  movement  of  
fluid from  the  interstitial  
spaces  causes oedema





Examples of oedema by this 
mechanism are 

a)Oedema in renal disease.
Eg – nephrotic syndrome, acute 
glomerulonephritis

b) Ascites of liver disease. 
Eg:cirrhosis

c)Oedema due to other  causes of  
hypoproteinaemia. 

Eg –in protein losing enteropathy



The  hydrostatic  pressure  of  the 
capillary  is  the  force  that  
normally  tends  to  drive  fluid 
through  the  capillary  wall  into 
the  interstitial  spaces agianst the  
force  of plasma  oncotic
pressure.



Rise  in  hydrostatic  pressure  of  
capillary  to   a level  more  than  
plasma  oncotic pressure  results  
in  minimal  or no  reabsorption
of  fluid  leading  to  oedema.

Examples:
oedema of  cardiac disease
postural  oedema





Obstruction  to  the  outflow  of 
interstitial  fluid  through  the  
tissue spaces  is  called  
lymphoedema.

Examples: a) removal  of  axillary
lymph  nodes  in  radical 
mastectomy, b)inflammation  of  
the  lymphatics seen  in  filariasis.







4.TISSUE FACTORS:
 The tissue factors along with other 
mechanisms playing a role in 
causation of oedema are:

 Elevation of oncotic pressure  of 
interstitial fluid .

 Lowered tissue tension.
Eg: loose subcutaneous tissues of 
eyelids and external genitalia.





5.INCREASED CAPILLARY PERMEABILITY:
Injury to capillary endothelium by various capillary 

poisons such as toxins and their products

Enhanced capillary permeability to plasma 
proteins due to development of gaps between 
the endothelial cells 

Leakage of plasma proteins into interstitial fluid

Reduced plasma oncotic pressure and elevated 
oncotic pressure of interstitial fluid 

OEDEMA



Examples: generalised oedema
occurring in systemic 
poisonings
 Localised oedema seen as
◦ Inflammatory oedema: infections, 
allergy
◦Angioneurotic oedema as in skin 
of face and trunk.





6.SODIUM AND WATER RETENTION:
Three mechanisms of oedema by 
sodium and water retention:

1. Intrinsic renal mechanism
2. Extra renal mechanism
3. ADH mechanism



1. Intrinsic renal mechanism: 

 Activated in response to sudden reduction in 
the effective arterial blood volume 
(hypovolemia)

 Hypovolemia stimulates arterial 
baroreceptors(in the carotid sinus and aortic 
arch)

 send sympathetic outflow via vasomotor 
centre in brain

 Renal ischaemia occurs 
 Reduction in glomerular filtration rate,
 Decreased excretion of sodium in the urine 

and consequent retention of sodium.





2) Extra renal mechanism:
 Involves secretion of aldosterone ,(a 
sodium retaining hormone) by the renin
angiotensin aldosterone system.

 Release of renin is stimulated in response 
to low concentrations of sodium in the 
renal tubules.

 Renin will convert angiotensinogen to 
angiotensin I.



 On stimulation, angiotensin I, (a decapeptide) is  
is converted into angiotensin II, (an octapeptide) 
by angiotensin converting enzyme (ACE).

 This stimulates adrenal cortex to secrete 
aldosterone hormone  which increases sodium 
reabsorption in renal tubules  



3) ADH Mechanism
Retention of water following 
retention of sodium is under the 
influence of anti diuretic 
hormone (ADH) or vasopressin.

 (This hormone is secreted by the 
cells of the supraoptic and 
paraventricular nuclei in the 
hypothalamus and stored in the 
neurohypophysis.)



Release of this hormone is 
stimulated by increased 
concentration of sodium in 
the plasma and 
hypovolaemia.
Large amounts of ADH 
produce highly 
concentrated urine.



Examples: oedema of cardiac 
disease, ascites of liver disease, 
oedema of renal disease.



EXTRA RENAL 
HORMONAL\

Fig 5.4





Morphology of different types of 
oedema



Renal oedema
Generalised oedema occurs in 
certain diseases of renal origin.

Types:
1.nephrotic syndrome
2.Nephritic syndrome 
3. acute tubular injury.



1. Oedema in nephrotic
syndrome:

Hypoalbuminemia due to 
persistent and heavy 
proteinuria causing decreased 
plasma oncotic pressure 
resulting in generalised
oedema (nephrotic oedema).



Hypoalbuminemia causes fall 
in plasma volume
 Leads activation of renin
angiotensin aldosterone
mechanism
 Retention of sodium and 
water



Microscopically:
Odema fluid separates the connective
tissue fibres of subcutaneous tissues.

Depending on protein content the
oedema fluid may appear
homogenous, pale, eosinophillic or
may be deeply eosinophillic and
granular.



2) Oedema of nephritic syndrome:
Occurs in conditions with diffuse 
glomerular disease such as in 
acute diffuse glomerulonephritis
(nephritic oedema).

Nephritic oedema is due to 
excessive reabsorption of 
sodium and water in the renal 
tubules via renin-angiotensin-
aldosterone mechanism.



3) Oedema in acute tubular  injury:

Acute tubular injury following shock 
or toxic chemicals results in gross 
oedema of the body.

Damaged tubules lose their capacity 
for selective reabsorption resulting 
in increased GFR and oliguria.

There is also excessive retention of 
water.



Cardiac oedema
Generalised oedema develops in the right 

sided and congestive cardiac failure.
Pathogenesis of cardiac oedema is based on 

the following hypothesises:
1. Reduced cardiac output causes 

hypovolaemia which stimulates
a. the intrinsic renal
b. extra renal (renin angiotensin

aldosterone) 
c. ADH secretion resulting in sodium and 

water retention and consequent oedema.



2) Due to heart failure there is 
elevated central venous 
pressure with resultant 
increase in the capillary 
hydrostatic pressure and 
consequent transudation and 
this hypothesis is known as 
back pressure hypothesis.



3)Chronic hypoxia may injure 
the capillary wall causing 
increased capillary 
permeability and result in 
oedema this is called 
forward pressure 
hypothesis..





Pulmonary oedema
Acute pulmonary oedema is the 
most important form of local 
oedema as it causes serious 
functional impairment.

Fluid accumulation is not only in 
the tissue space by also in the 
pulmonay alveoli.



Etiopathogenesis: 
Can result from either the 
elevation of hydrostatic 
pressure or increased 
capillary permeability.





1.Elevation in the pulmonary hydrostatic 
pressure (dynamic oedema)
In heart failure there is increased pressure in 

the pulmonary capillaries. 
 This results in an imbalance in the 

pulmonary hydrostatic pressure and the 
plasma oncotic pressure
 Excessive fluid moves out of pulmonary 

capillaries into interstitium of the lungs.



Endothelium develops fenestrations 
permitting passage of plasma 
proteins and fluid into interstitium
and subsequently into the alveoli.
 Interstitial fluid collected is cleared 
by the lymphatics present around the 
bronchioles, small muscular arteries 
and veins.
 When the capacity exceeds fluid 
starts accumulating in the 
interstitium



Prolonged elevation of hp 
will damage the alveolar 
lining and the alveolar air 
spaces are flooded with the 
fluid (alveolar oedema) 
causing serious lung 
function impairment.



2.Increased vascular permeability (irritant 
oedema)

Vascular endothelium and alveolar epithelial 
cells may be damaged causing increased 
vascular permeability so that excessive fluid 
and plasma proteins leak into interstitium
and the alveoli.

Examples: fulminant pulmonary oedema and 
extra pulmonary infection.



3.Acute high altitude oedema
Seen in individuals climbing high 
altitude suddenly without halts.

Deleterious effects start to appear 
after an altitude of 2500m  is 
reached

The changes include appearance of 
oedema fluid in the lungs, 
congestion and widespread minute 
haemorrhages.

This can cause death in few days



Grossly, lungs are heavy moist 
and subcrepitant. Cut surface 
exudes frothy fluid (mixture of 
air and fluid).

Microscopically: alveolar 
capillaries are congested. 
Oedema appears as eosinophillic, 
granular and pink proteinaceous
material admixed with some 
RBCs and macrophages.





 Cerebral oedema
swelling of the brain is the most 
threatening example of oedema.

It can be of three types:
1. VASOGENIC OEDEMA
2. CYTOTOXIC OEDEMA
3. INTERSTITIAL OEDEMA



1. VASOGENIC OEDEMA:
 Corresponds to oedema elsewhere 
resulting from increased filtration 
pressure or increased capillary 
permeability.

 It is prominent around contusions, 
infarcts, brain abscess and some 
tumour.



 Grossly:
White matter is swollen, soft with flattened 
gyri and narrowed sulci.

 Microscopically:
Separation of tissue elements by the 
oedema fluid and swelling of astrocytes. 
Perivascular space is widened and clear 
halos are seen around small blood vessels.



2) CYTOTOXIC OEDEMA:

 In this type the blood brain barrier is intact 
and the fluid accumulation is intracellular.

 Mechanism: disturbance in cellular 
osmoregulation as in acute hypoxia.

 Microscopically: cells are swollen and 
vacuolated.



3) INTERSTITIAL OEDEMA

Occurs when the excessive fluid crosses the 
ependymal lining of the ventricles and accumulates 
in the perventricular white matter.

This mechanism is responsible for oedema in non-
communicating hydrocephalus.


