
FHB 2023 – Circulation Jonathan 
A. Kirk, Ph.D. (CTRE 522) 

Page 26 

Circulation Lecture 4: The Microcirculation and Lymphatics 

Reading:  Berne & Levy Physiology (7th Ed.)  
Koeppen & Stanton, Chapter 17, pages 359 - 367 

Learning Objectives: You should be able to 

CIRC 4.1. Explain the basic structural arrangement of the microcirculation and 
characteristics of capillary flow. 

CIRC 4.2. Understand diffusion and filtration and the factors that govern them in 
transcapillary fluid exchange (TCF) 

CIRC 4.3 Explain the determinants of hydrostatic and oncotic pressure 

CIRC 4.4 Describe the lymphatic system and its purpose 

CIRC 4.5. Explain how edema develops in response to: a) venous obstruction, b) 
lymphatic obstruction, c) increased capillary permeability, d) heart failure, e) tissue 
injury or allergic reaction 
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CIRC 4.1. Explain the basic structural arrangement of the microcirculation and 
characteristics of capillary flow. 
 
Primary Components (Fig 4.1): 

• Precapillary resistance vessels, 
composed of arterioles, 
metarterioles, and precapillary 
sphincters 

• Exchange vessels, i.e., the 
capillaries. One cell layer thick, 
and very small lumen (5 μm), 
enough for only a single RBC 

• Postcapillary resistance vessels, 
the venules. Much lower resistance 
than precapillary (approximately 
1/4th). 

• AV shunt (only in a couple places 
with non-nutritional/shunt flow, like 
fingertips and ears) 

 
Characteristics of capillary flow 

• Low velocity (because of large CSA) 
• Intermittent due to vasomotion (spontaneous oscillation in blood vessel tone) 
• Pressure gradients drive flow 
• Non uniform  
• Rouleaux Formation (RBCs are 8 μm in diameter, and literally squeeze through 

capillaries, line up at an angle, increases contact with capillary wall)  
 
CIRC 4.2. Understand diffusion and filtration and the factors that govern them in 
transcapillary fluid exchange (TCF) 
 
Most fluid is transported out of the capillary, and into the interstitial fluid (ISF) via 
diffusion. The transport is governed by Fick’s law, and is affected by three factors: 
surface area of the 
capillary, capillary 
permeability to the 
particular substance, and 
the concentration 
gradient inside and 
outside the capillary.  
 
Water, salt, urea, O2, CO2 move mostly unrestricted, and are thus described as flow 
limited (they diffuse so rapidly that their transport across the ISF and into surrounding 
cells is limited by capillary flow). Larger, less lipid soluble substances (or where the 
substances must travel a longer distance) are said to be diffusion limited (Fig 4.2). 

 
Fig 4.1. Schematic of a capillary bed 

 
Fig 4.2. Flow limited and diffusion limited 
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Factors that govern filtration can be described by the Starling hypothesis of 
Transcapillary Fluid Exchange (yes, the same Starling from the Frank Starling 
mechanism!). 
 

Eq 4.1  𝐽𝐽 = 𝐾𝐾[(𝑃𝑃𝑖𝑖 − 𝑃𝑃𝑖𝑖) − (𝜋𝜋𝐶𝐶 − 𝜋𝜋𝑖𝑖)] 
 
Where J is the quantity of the substance moving out of the capillary and into the ISF, K 
represents the ability of a substance to move across capillary, Pc is capillary hydrostatic 
pressure, Pi is interstitial hydrostatic pressure, πc is capillary/plasma oncotic pressure, 
πi is interstitial/tissue oncotic pressure. 
 
For a particular substance, its 
ability to move across the capillary 
is relatively constant, so 
transcapillary fluid exchange is 
primarily driven by two 
components: hydrostatic and 
osmotic force (Fig 4.3). 
 

• Plasma oncotic pressure: 
an osmotic pressure exerted 
by substances found in the 
plasma. Total osmotic 
pressure of plasma is almost 
6000 mmHg, but this arises 
primarily from substances 
that rapidly diffuse across 
the membrane, and are thus 
the same between plasma 
and ISF. POP is thus primarily determined by plasma protein that cannot easily 
diffuse out of the capillary. Approximately 25 mmHg. 

• Capillary hydrostatic pressure: mean capillary blood pressure. Affected by the 
declining blood pressure from arterial to venous end of capillary. In capillaries 
where high filtration is necessary, like the kidneys, hydrostatic pressure on the 
arterial end of the capillary is very high (~60-80 mmHg). In capillaries where low 
filtration is desirable, such as the lungs, hydrostatic pressure is kept low 
(~25mmHg) 

• Tissue oncotic pressure: an osmotic pressure exerted by substances dissolved 
in the interstitium, such as proteins. Counterpart to plasma oncotic pressure. 
Typically, close to 0 mmHg. 

• Interstitial hydrostatic pressure: hydrostatic pressure caused by the volume of 
fluid within the interstitium.  

 
It should be noted, that the values of the pressures provided here are “typical” values, 
but many specific capillary beds have different pressures. These include the lungs and 
kidneys, where the physiological roles require either low or high fluid exchange.  

 
Fig 4.3. Forces that govern TCF exchange 

Phydrostatic= 0
Poncotic~0

Pa

Pv
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In addition to filtration and diffusion, the third mechanism of transport is pinocytosis. 
This is a vesicle-based transport of lipid-insoluble molecules across the endothelial 
cells. It is responsible for very little overall transport.  
 
CIRC 4.3 Explain the determinants of hydrostatic and oncotic pressure 
 
The key factor that holds fluid within the capillaries is the osmotic pressure of 
the plasma proteins, i.e. oncotic pressure.  
 
The most clinically relevant protein is albumin. Albumin exerts a greater 
osmotic force than can be accounted for solely on the basis of the number of 
molecules dissolved in a unit volume of plasma.  In other words, based on its 
concentration in the plasma, albumin contributes a disproportionately large 
percentage of the plasma oncotic pressure. This is due to the electrostatic 
interaction of albumin (negatively charged) with positively charged sodium 
ions resulting in their retention within the vascular space.   
 
Primary protein constituents of blood  

• albumin 51% (65% of plasma oncotic pressure) 
• globulin 17% 
• fibrinogen 4% 
• others  28% 

 
While all the factors contribute equally to fluid exchange, the primary factor that forces 
fluid out of the capillaries is their hydrostatic pressure since it is the one mostly likely to 
change.  
 

• Arterial pressure – exerts a relatively small effect on capillary hydrostatic 
pressure because of significant pre-capillary resistance. 

• Venous pressure – exerts a relatively larger effect on capillary hydrostatic 
pressure because of low post-capillary resistance.  

• Capillary hydrostatic pressure is primarily determined by the pre/post capillary 
resistance ratio.  decrease pre/post = increase in capillary hydrostatic pressure, 
increase pre/post = decrease capillary hydrostatic pressure 

 
CIRC 4.4 Describe the lymphatic system and its purpose 
 
The purpose of the lymphatic system is to collect and return interstitial fluid to the 
circulatory system. 
 
Structure (shown in Fig 4.4) 

• unidirectional flow of tissue fluid (plasma) and protein back to the heart. 
• valves (like veins) but thinner wall structure 
• non-fenestrated endothelium, little to no basal lamina; no smooth muscle 
• large collecting vessels return lymphatic fluid to subclavian veins.  
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Factors governing lymph flow 

• amount of capillary filtration 
• skeletal muscular activity 
• lymphatic unidirectional 

valves (with damage, 
lymphatic flow would 
decrease) 

 
CIRC 4.5. Explain how edema 
develops  
 
An accumulation of excess fluid 
within the interstitial space. 
Clinical manifestations: swelling 
of the ankles, ascites, pulmonary 
edema. 
 
Precipitating factors of peripheral 
edema 

• reduction in plasma protein concentration (serum albumin <2.5 g/dl) 
• increase in capillary hydrostatic pressure. 
• increased permeability of capillary membrane. 
• lymphatic obstruction 

  
Possible causes: 

• congestive heart failure 
• mechanical obstruction of venous return 
• mechanical obstruction of lymphatic flow from a tumor 
• renal disease - loss of protein 
• liver disease - lack of protein (albumin) synthesis 
• burn – increases capillary permeability.  

 
Fig 4.4. The lymphatic system 


