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The Capillary System

Capillaries are the smallest blood vessels where exchange between blood and tissue cells occurs by diffusion.

· They have very thin walls made of only tunica intima and may only be one endothelial cell thick. 

· Their average length is 1 mm and diameter is 8 – 10 micrometer.

Different Capillary Types:

1. Continuous Capillaries – found in skin and muscles, endothelial cell is continuous.

2. Fenestrated Capillaries – found in small intestine, kidneys and endocrine glands, their endothelial cell has pores and openings to allow greater permeability.

3. Sinusoidal Capillaries – found in liver, bone marrow, lymphoid tissue, they are leaky, highly permeable capillaries.

Capillary Beds:
Collection of capillaries forming and interweaving network.

Flow of blood from arteriole, through capillary bed to a venule is called microcirculation. 

Capillary beds consist off two types of vessels:

1. A vascular shunt: a short vessel that connects an arteriole and a venule at opposite ends of a capillary bed. Also called Metarteriole – thoroughfare channel.

2. True capillary: exchange vessels.

A metarteriole: A vessel intermediate between an arteriole and a capillary.

A thoroughfare channel: A channel  continuous between a capillary and a venule. 

Precapillary sphincter: A small cuff of smooth muscle surrounding the beginning of each true capillary. It regulates the flow of blood into the capillary. 

Blood flowing through an arteriole may take one of two different routes depending on the action of the sphincter. Blood will either enter ( 

1. True capillaries: if sphincter is relaxed (open) – exchange occurs

2. Shunt: if sphincter is contarcted (closed) – blood flows through shunt and bypasses tissues.

Terminal arteriole (feeds capillary bed)




The amount of blood that enters a capillary bed is regulated by vasomotor nerves and chamical conditions. 

Blood Pressure in capillaries is low = 40 mmHg or less

Fluid Flows at Capillaries

· Blood Flow through capillaries is by diffusion which depends on the concentration of substances between the blood and tissue.

· Other transport mechanisms: endocytosis, active transport..

· Water soluble subtances move throgh fluid filled gaps while lipid soluble molecules diffuse through the lipid bilayer of the capillary membrane. 

· Water moves out at the arterial end of the capillary and returns in at the venous end.

· Exchange between blood and tissue depends on:

· Characteristics of the transported molecule (size, shape, lipid solubility)

· Characteristics of the capillary membrane (continuous, sinusoidal, fenestrated)

· Capillary surface area

· Opposing forces

· The direction of fluid movement depends on the difference between two opposing forces.

· These opposing forces are:

· Hydrostatic pressure: is the force exerted by a fluid against the capillary wall. (pushing force)

The hydrostatic pressure at the arterial and venous ends of a capillary bed are equal to the blood pressure at those locations.

In the arterial end it is 30 mmHg while at the venous end it is 20mmHg. 

The hydrostatic pressure in the interstitial space is 0mHg. 

· Colloid Osmotic Pressure (Oncotic Pressure) : is the pressure created by the presence of large molecules that can’t diffuse and are prevented from moving through the capillary membrane. 

These large molecules are plasma proteins such as albumin.

They encourage osmosis and they draw water toward them. 

Because capillary blood has a high content of plasma proteins, the capillary has a high oncotic pressure of 25mmHg. 

Osmotic pressure depends on water and other soulutes and a membrane that is permeable to water and not to other large molecules.

The number of these impermeable molecules is more important than their size. (molecular weight of albumin is just high enough to make it impermeable – 70,000 )

The oncotic pressure doesnot vary from one end of the capillary bed to another. 

· How do we know which direction fluid is moving? Wether there is a net gain or net loss of fluid?

The net filtration pressure (NFP) must be calculated. It is the difference between the two pressures, the hydrostatic and the oncotic pressure.

Fluid will leave the capillary if hydrostatic > oncotic pressure

Fluid will enter the capillary if hydrostatic < oncotic pressure

· At arterial end: 

Hydrostatic Pressure = 30 mmHg

Oncotic Pressure = 25 mmHg

( water moves out of the capillary with a NFP of +5 mmHg

Hydrostatic pressure dominates at the arterial end and net fluid flows out of the circulation.

· At venous end:
Hydrostatic Pressure = 20 mmHg

Oncotic Pressure = 25 mmHg

     ( water moves into the capillary with a NFP of -5 mmHg

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


Hydrostatic Prssure in Intestitial Fluid is normally = 0mmHg (Interstitial Hydrostatic Pressure – IHP)

At different parts of the body, its different.

· In skin = 0mmHg because of no edema. If it was more than 0 ( edema. If it was less than 0 ( skin will stick to our muscles and bones.

· Higher than zero in the kidney and the intestine

· Lower than zero in the lungs when we breath in 

If the IHP is = 10mHg  ( fluid will go into the blood (normal)

If oncotic pressure (as a result of starvation when proteins in the blood are broken down and used for energy, there will be a net flow into the tissue ( edema

If BP ( ( Hydrostatic pressure ( ( more fluid moves out into tissues ( edema


No fluid will move in ( venous outflow destruction

In case of infection edema occurs because of an increase in proteins (antigens) and increase in the permeability if the membrane ( edema and swelling

Lymph vessels have a job of sucking water, proteins back into the venous system. 

In cancer treatment, lymph nodes are removed causing local edema. 

Lymph output = 5 liters/day compared to cardiac output = 5 liters/min --  Difference of 24hrsx 60
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