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“When you are a hammer…. 
everything looks like a nail”

The Cornerstone of Life

What is

?

Microcirculation

The Cornerstone of Life
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• Dynamic “organized chaos”

• Empty-filled capillaries

• Fluxmotion

“Microcirculation in insulin resistance and 
diabetes: more than and compilation” 
Wienersperger NF, Bouskela, E
Diabetes Metab 2003:29, 6S77-6S87
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Physical

Humoral

Nervous

Microcirculation Microcirculation

Microcirculation

www.imin-org.eu

• Capillary flow regulation (Getting the blood 
there)

• Hydrostatic - Oncotic equilibrium (Osmosis 
Starling principle)

• Filtration (Lymph formation revised Starling 
principle)

Microcirculation

• Capillary flow regulation

Microcirculation

• Capillary flow regulation

• Arteriolar myogenic response

• Venoarteriolar reflex

• Pre capillary arteriolar vasomotion

“Microcirculation in insulin resistance and 
diabetes: more than and compilation” 
Wienersperger NF, Bouskela, E
Diabetes Metab 2003:29, 6S77-6S87

Microcirculation
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• Arteriolar vasomotion

• Nitric Oxide (NO)

• Endothelium-Derived 
Hyperpolarizing Factor (EDHF) 

“A unique role of NO in the control of 
blood flow” Pohl U, De Wit C, News 
Physiol Sci, 19, 74-80, 1999

Microcirculation

• Arteriolar vasomotion

• Slow-wave

• Arteriolar contraction      
oscillations of membrane potential  

• High amplitude 

• 1-10 Hz
“Vasomotion and flow motion: 
physiological mechanisms and clinical 
evidence” Intlagietta M, Vasc Med Rev, 1, 
101-112, 1990 
“Electrophysiolocial basis of arteriolar 
vasomotion in vivo” Bartlet II, Crane GJ, 
Neidl T, et al, J Vasc Res, 37, 568-575, 
2000

Microcirculation

• Hydrostatic - Oncotic equilibrium

Microcirculation Microcirculation

Microcirculation
Hydrostatic-Oncotic pressure

Arterioles-Venues

Microcirculation

• Filtration
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Carl Friedrich Weilheim 
Ludwig

1816-1895

Microcirculation

• Suggested that lymph 
was formed by plasma 
filtration through 
capillary walls

Julius Friedrich Cohnheim
1839-1884

Microcirculation

• Expanded Ludwig’s 
concept to vascular 
pressure and different 
capillary permeability 
throughout the body

Rudolph Peter Heinrich 
Heidenhain
1834-1897

Microcirculation

• 1854 published his 
secretion theory and his 
work on lymphagogues 
substances (crayfish 
extract)

Ernest Henry Starling 
1866-1927

Microcirculation

• 1893 Intravenous 
injection of 
peptones 

Ernest Henry Starling 
1866-1927

Microcirculation

Starling Principle

• 1896 Basic 
concept of tissue 
fluid absorption

• Incomplete

Microcirculation
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Microcirculation
Blood

Microcirculation
Blood

1% NaCL

Microcirculation
Blood

Microcirculation
Blood

Microcirculation
Blood

Microcirculation
Blood

Serum
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Microcirculation
Blood

Microcirculation
Blood

Microcirculation

William D Haliburton
1860-1931

Microcirculation

• 1904 disputed 
Starling’s discoveries 
and he believed that 
filtration dominated 
over secretion

Eugene Markley Landis
1901-1987

Microcirculation

• 1927 first direct 
experimental 
evidence of 
Starling’s principle

Microcirculation
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Microcirculation
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• 1930 Landis measured 
capillary pressures in 
human fingernail folds 
at heart level

Microcirculation

Mean
arterial 

capillary
pressure
32 mmHg

Mean 
venous
capillary
pressure

12 mmHg
Mean 

capillary 
pressure
20 mmHg

Mean arterial-
venous capillary 
oncotic pressure

24 mmHg

Starling’s Principle 
(Landis’ equation)
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Intravascular

Extravascular

Starling’s Principle 
(Landis’ equation)
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t
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Alb

Alb

AlbAlb
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Jv/A=Lp((Pc- Pi)- ( c - i))

Filtration

Hydraulic permeability

Capillary pressure

Interstitial pressure

Capillary oncotic pressure

Interstitial oncotic pressure

Intravascular

Extravascular

Armando Soto-Rivera
1920-2004

Microcirculation

John Richard Pappenheimer
1915-2007

• 1948 they proposed the term 
isogravimetric state

Microcirculation
Perfusat

e

Constant limb 
weight=0 net fluid 

movement=isogravimetric
state
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Microcirculation
Plasma 
proteins 

perfusateCapillary pressure varies 
according the plasma 
oncotic pressure to 

achieve isogravimetric 
state

Rate of filtration-
reabsorption=Pc-Pc(iso)

Classic Starling Principle

• Landis, Pappenheimer and Soto-Rivera
• Krogh, Landis and Turner 1931 

• Hydrostatic and oncotic pressures

Microcirculation

Microcirculation

John Richard Pappenheimer
1915-2007

• 1963 quatinfied the values of 
filtration-absorption

Eugene Markley Landis
1901-1987

Microcirculation

7000 lt
24hr 20 lt 16-18 lt

2-4 lt

• 1963 Guyton 
measured the 
interstitial hydrostatic 
and oncotic pressures

Microcirculation

Mean
Interstitial

hydrostatic
pressure
-2 mmHg

Mean 
interstitial 

oncotic
Pressure

9-12 
mmHg

Microcirculation

Pc=32 mmHg
c=24 mmHg 

Pc=20 mmHg
c=24 mmHg

Pc=12 mmHg
c=24 mmHg

Pi=-2 mmHg
i=9-12 mmHg 

Pi=0 mmHg
i=9-12 mmHg 

Pi=0 mmHg
i=9-12 mmHg 
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Ernest Ruska
1906-1988

Microcirculation

Max Knoll
1897-1969

• 1931 developed the electron 
microscope. 10 nm 
resolution 

• 1944 2 nm resolution

• 1940 First postulated the 
presence of the Glycocalyx

Microcirculation

James Frederic Danielli
1911-1984

• Hydrogel-like layer

• Hemodynamic function 1970

• Main structure

• Glycoproteins y proteoglycans

Microcirculation
Glycocalyx Glycocalyx

Microcirculation

Microcirculation

1951 Staverman’s 
Reflection 
Coefficient 

Microcirculation

Vessel Permeability
Tight or moderate

<3nm
Fenestration

>3nm

1951 Staverman’s 
Reflection 
Coefficient 
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• 500-2000 nm

• Total surface 4000 - 7000 m2  (0.98 -
1.7 acres)

• Negative net charge

• Rheologic function and 
microenviroment control

GlycocalyxLymphedema
Glycocalyx model

Endothelial cellsProteoglycans SyndecansGlypicansHeparan Sulfate Glycoproteins Selectins E&PIntegrinsImmunoglobolins

Hialuronic acid

Starling’s Principle 
(Landis’ equation)
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Glycocalyx model
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Microcirculation

Charles C Michel Roger H Adamson

Sheldon WeinbaumJ Rodney Levick

• 70’s-60’s replicated Starling’s 
findings 

• 1987 Transient-state and Steady-
state of absorption

Microcirculation

Charles C Michel
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Lymphedema
Revised Starling Principle 

• Adamson 2004- Levick and Michel 2010
• Glycocalyx function

Lymphedema
Revised Starling Principle

• Adamson 2004- Levin and Michel 2010
• Glycocalyx function

LymphedemaGlycocalyx model

Glycocalyx model

Glycocalyx model Glycocalyx model
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Glycocalyx model Glycocalyx model

1-1.5 liters of fluid

Arteriole
Venule

Lymphatic

Microcirculation
Lymphedema

• Tobias Bertsch, MD

• Guenter Klose, CLT

TEAM EFFORT!!!!
Sadly some patients can’t be helped
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