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Endothelial glycocalix

Glycocalix – Bennett 1963
extracellular polysaccharide coating on cells

Voluminous intravascular compartment

playing an important role in 

vascular wall homeostasis

blood flow regulation

tissue exchanges

The first line barrier to regulate cell and macromolecule trasport

INTRAVASCULAR VOLUME

3 compartments:

cellular volume (erithrocytes)

plasma volume

glycocalix volume



Endothelial glycocalix - structure

Glycoproteins

Proteoglycans

Glycosaminoglycans 

Plasma proteins
albumin

fibrinogen

Enzimes 
lipoprotein lipase

superoxid dismutase

Growth factors
vascular endothelial

growth factor

+
Water 

Becker, Cardiovascular Research, 2010,87:300

Glycocalix + endothelial cells = endothelial glycocalix layer (EGL)



Physiology of glycocalyx

Regulation of vascular permeability in peripheral vessels

Mediation of shear stress

Attenuation of leucocyte and platelets adhesion

Becker, Cardiovascular Research, 2010



Physiology of glycocalyx

Becker, Cardiovascular Research, 2010



Glycocalix – shear transduction 

intermediates informations – NO synthesis



Effects of enzimatic degradation of glycocalix

Reduced functional capillary density at 30 and 60 min vs control

Gycocalix – role in adapting 

vascular beds to metabolic demand



Endothelial glycocalix

Prevents cell adhesion



Pathology of glycocalyx

Types:

– Partial (shedding)
• Selective cleavage of sulfate side chains (heparinase) or of receptor-bound 

chains (hialuronidase)

– Total distruction of glycocalyx

Consequences:

– Capillary leak syndrome

– Oedema formation

– Accelerated inflammation

– Platelet hyperaggregation

– Hypercoagulation

– Loss of vascular tone response

Becker, Cardiovascular Research, 2010

Glycocalix injury 

shedding, fragmantation

Compaction of EGL and  heparan, hyaluronic acid, condroitin in plasma



Pathology of glycocalyx

Reperfusion injury

Microvascular dysfunction
Enhanced adhesion of platelets and leukocytes

Activation of coagulation

Detachment of swollen endothelial cells

Oxidative stress of endothelial cells

Increased vascular permeability

Degradation of glycocalyx

Becker, Cardiovascular Research, 2010



Pathology of glycocalyx

Figure 4 The glycocalyx is shown for guinea pig hearts under normal perfusion . The green arrows represent 

the estimated maximal extension (10 nm) of the bonds between membrane molecules for firm endothelial 

adhesion of leucocytes and platelets. Adhesion molecules in question are the ICAMs, VCAMs, PECAM,

integrins, etc. 

Becker, Cardiovascular Research, 2010



Pathology of glycocalyx

Figure 4 The glycocalyx is shown for guinea pig hearts after I/R . The green arrows represent the estimated maximal 

extension (10 nm) of the bonds between membrane molecules for firm endothelial adhesion of leucocytes and 

platelets. Adhesion molecules in question are the ICAMs, VCAMs, PECAM, integrins, etc. 

Becker, Cardiovascular Research, 2010

Heart 20min

Bowel 60 min



Pathology of glycocalyx

Inflammation and trauma

Surgical trauma - systemic inflammatory response

Vascular endothelium inflammation

Swelling of endothelial cells

Proinflammatory and procoagulant fenotype

Damage of cell membrane (loss of content)

Necrosis 

Degradation of glycocalyx by inflammatory mediators

Glycocalyx constituents detected in plasma of patients with 

septic shock – related to mortality

Becker, Cardiovascular Research, 2010



Pathology of glycocalyx

Hypervolemia

– Acute normovolemic hemodilution in major surgery –

60% of infused volume in interstitial space within minutes

(HAES or albumin)

– Hypervolemia – release of atrial natriuretic peptide by heart 

(wall stress)       alteration (shedding) of glycocalyx

Becker, Cardiovascular Research, 2010





20 min of warm ischemia and reperfusionHidrocortison + 20 min of warm ischemia and reperfusion



Pathology of glycocalyx

Figure 4 The glycocalyx is shown for guinea pig hearts after I/R . The green arrows represent the estimated 

maximal extension (10 nm) of the bonds between membrane molecules for firm endothelial adhesion of leucocytes 

and platelets. Adhesion molecules in question are the ICAMs, VCAMs, PECAM, integrins, etc. 

Becker, Cardiovascular Research, 2010

Heart 20min

Bowel 60 min



Pathology of glycocalyx

Figure 4 The glycocalyx is shown for guinea pig hearts after I/R with protection by antithrombin . The green 

arrows represent the estimated maximal extension (10 nm) of the bonds between membrane molecules for firm 

endothelial adhesion of leucocytes and platelets. Adhesion molecules in question are the ICAMs, VCAMs, 

PECAM, integrins, etc.

Becker, Cardiovascular Research, 2010



Physiology of glycocalyx

Figure 4 The glycocalyx is shown for guinea pig hearts after I/R with protection by antithrombin . The green 

arrows represent the estimated maximal extension (10 nm) of the bonds between membrane molecules for firm 

endothelial adhesion of leucocytes and platelets. Adhesion molecules in question are the ICAMs, VCAMs, 

PECAM, integrins, etc.

Becker, Cardiovascular Research, 2010





Glycocalix and Na regulation



Rationale 

of fluid therapy





25ml/kg acetated Ringer solution over 30 min

higher volume effect in anesthetized vs healthy volunteers





The volume effect of 

the same amount of cristalloids

over 30min in healthy volunteers

vs

over 60 min in anesthetized patients





Fluid therapy in major surgery

Interstitial space

• anatomical - functional ECV

• nonanatomical – nonfunctional ECV (third space)

The third space doesn’t exist



Fluid therapy in major surgery

Chappell, Anesthesilogy, 2008, 109:723-40

The endothelial glycocalix

The gateway to the interstitial space

The vascular permeability – THE DOUBLE BARRIER CONCEPT

• endothelial cell line

• glycocalix

• fluid shift depends on hydrostatic and oncotic pressure 

between blood and the space beneath glycocalix

inside the anatomical lumen of the vessel



Fluid therapy in major surgery

Chappell, Anesthesilogy, 2008, 109:723-40

Perioperative fluid shift: 

trigger or effect of liberal fluid handling ?

Types of fluid shift
• type I – physiologic shift

• all the time

• shift of colloid-free water and electrolytes 

• from intravascular to interstitial space

• the vascular barrier is intact

• in pathologic amount, if large volume of isotonic cristalloids are given

• type II – pathologic shift

• shift of colloid-rich (proteins) fluids

• altered vascular barrier

• inconstant

• depends on type, extent and duration of surgery

• endothelial damage – endothelial glycocalix alteration

• 2 iatrogenic causes

• surgery: mechanical stress, endotoxin exposure, 

ischemia-reperfusion, inflammation

• anesthesia: acute hypervolemia



Fluid therapy in major surgery

Chappell, Anesthesilogy, 2008, 109:723-40

Diminution of endothelial glycocalix

Consequences
• platelet aggregation

• leukocyte adhesion

• increase in endothelial permeability

• tissue oedema

Diminution of endothelial glycocalix

Causes
• ischemia-reperfusion

• proteases

• TNFα

• atrial natriuretic peptide

surgery

acute hypervolemia - anesthesia



Fluid therapy in major surgery

Chappell, Anesthesilogy, 2008, 109:723-40

Minimizing type I shifting

• cristalloids

• for replacement of urine losses and insensible perspiration

• colloids

• for replacement blood loss

Minimizing type II shifting

• prophylaxis - protection of endothelium surface layer

• surgery - atraumatic surgical technique

• minimally invazive surgery

• gentle handling

• mechanical sutures

• anesthesia

• neuraxial block - continuous epidural analgesia over 48-72h

• avoiding hypervolemia

• treatment - ???





https://www.life.illinois.edu

Capillary Starling equilibrium



Subglycocalix space

protein free



Classical Starling equation Revised Starling equation



At very low capillary pressure – transient water influx





Fluid therapy in major surgery

Cristalloids versus colloids

Cristalloids and colloids

Liberal ? Standard ? Restrictive ? 

The right amount



We must use

the right kind of fluid

in appropiates amounts 

at the right time 

to reduce collateral damage.

Fluid therapy in major surgery


