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Abstract
Myocardial edema is a hallmark of ischemia-reperfusion-related
cardiac injury. Ischemia-reperfusion has been shown to result in
degradation of the endothelial glycocalyx. The glycocalyx is the gel-
like mesh of polysaccharide structures and absorped plasma
proteins on the luminal side of the vasculature, and in the past
decade has been shown to play an important role in protection of
the vessel wall, including its barrier properties. Prevention of
glycocalyx loss or restoration of a damaged glycocalyx may be a
promising therapeutic target during clinical procedures involving
ischemia-reperfusion.

Prevention of coronary fluid leakage to reduce myocardial
damage during ischemia-reperfusion-related clinical proce-
dures constitutes an important therapeutic challenge. In the
previous issue of Critical Care, Bruegger and colleagues
presented data indicating that anticipation of glycocalyx loss
may alleviate fluid leakage and edema formation in hearts
undergoing occlusion and subsequent reperfusion [1].

The glycocalyx: protector of endothelial
function
The glycocalyx is a negatively charged, gel-like mesh of
polysaccharide structures and absorped plasma proteins on
the luminal side of all blood vessels, and in the past decade
has been shown to play an important role in protection of the
vessel wall [2]. Major insight into the functional properties of
the glycocalyx has been provided in past decades by intravital
microscopic studies of striated muscle microcirculation in
rodents. These studies showed that the glycocalyx
constitutes a voluminous intravascular barrier for flowing
blood and macromolecules [3], and that enzymatic glycocalyx
degradation is associated with an increased adhesiveness of
the endothelium for platelets and leucocytes [4] and with an
impaired nitric oxide (NO)-mediated shear-dependent vaso-

dilation of arterioles [5]. In addition, glycocalyx treatment in
isolated hearts was demonstrated to result in an increased
fluid leakage [6,7], underlying the contribution of the glyco-
calyx to the vascular permeability barrier in conjunction with
the endothelial cells (double barrier concept [1,7]).

More specific experimental data have been provided
indicating that it is the colloid osmotic pressure difference
across the glycocalyx rather than the pressure difference
between the interstitial space and plasma that opposes fluid
filtration in the Starling balance [8]. Protection of the
glycocalyx may therefore be an essential facet when
considering treatment of excessive fluid loss in clinical
practice.

Glycocalyx degradation during
ischemia-reperfusion
Using a highly standardized protocol of ischemia-reperfusion,
Bruegger and colleagues studied the effect of exogenous NO
administration on fluid leakage and glycocalyx damage in
Krebs–Henseleit-buffered isolated guinea pig hearts, a model
this group has been using for many years [1,7,9]. In the
model, dynamic changes in fluid filtration are measured by
repeated collection of the transudate appearing at the
epicardial surface and dripping off the apex of the heart.

Bruegger and colleagues demonstrated that the increase in
fluid filtration and subsequent edema formation after
ischemia-reperfusion was completely abolished in the hearts
when exogenous NO was administered to the perfusate [1].
The reduction in fluid leakage was accompanied by a 20% to
40% reduction in cumulative heparan sulfate release in the
coronary venous effluent, suggesting that NO partially
prevented shedding of these glycosaminoglycans from the
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glycocalyx. This prevention was also evidenced by a modest
preservation of glycocalyx structures on the vascular endothe-
lium in the microscopic images obtained after the experiment.

The authors hypothesize that the action of NO on glycocalyx
protection against shedding was due to scavenging of
oxygen-derived free radicals liberated upon reoxygenation [1].
Indeed, increased oxidative stress has been demonstrated to
be the common denominator underlying glycocalyx loss during
atherogenic, inflammatory, and hyperglycemic conditions [10-
14]. With respect to the source of free radicals involved in
glycocalyx degradation during ischemia-reperfusion, Rubio-
Gayosso and colleagues provided evidence that, at least in
the cremaster muscle, the oxygen radical-producing enzyme
xanthine oxidoreductase was involved [13]. This enzyme has
a heparin-binding domain and therefore is probably asso-
ciated with heparan sulfate glycosaminoglycans within the
glycocalyx, which would explain the increased shedding of
heparan sulfates during ischemia-reperfusion.

Glycocalyx protection: therapeutic opportunities
Given the pivotal role of the glycocalyx in vascular wall
homeostasis, restoration of a damaged glycocalyx may be a
promising therapeutic target both in an acute critical care
setting as well as in the treatment of chronic vascular
disease. Free radical scavengers or pharmacological blockers
of radical production are useful to diminish the oxygen radical
stress on the glycocalyx [11], while drugs that can increase
glycocalyx production or prevent proteolytic activity may
prevent or restore induced glycocalyx loss [9,12]. Finally,
infusion of glycocalyx components to reconstitute lost glyco-
calyx might be useful during clinical interventions.

Infusion of hyaluronic acid glycosaminoglycans before or
shortly after the initiation of cremaster tissue reperfusion
almost fully restored the impaired barrier properties of the
glycocalyx in the study of Rubio-Gassayo and colleagues
[13]. In another cremaster study, addition of heparan sulfates
and heparin was demonstrated to alleviate venular leucocyte
adhesion associated with glycocalyx damage; intravital
microscopy illustrated that the infused components actually
attached to the venular luminal surface [4]. Heparin adminis-
tration also reduced the detrimental effect of ischemia-
reperfusion injury on glycocalyx integrity in the study of Rubio-
Gassayo and colleagues [13]; although this was suggested
to be due to a heparin-induced displacement of xanthine
oxidoreductase from the glycocalyx, it is probable that the
beneficial effect of heparin actually reflected some recon-
stitution of the glycocalyx.

Worthy of note is the observation that administration of
heparin in control, nonchallenged, mice was associated with
an impaired shear-dependent NO-mediated arteriolar dilation
and loss of glycocalyx barrier properties [5]. This observation
suggests that heparin can have an adverse effect on the
integrity of the glycocalyx in the healthy situation – potentially

by the displacement of heparan sulfate-bound proteins. The
paper by Bruegger and colleagues in the previous issue of
Critical Care clearly warrants further clinical attention for
glycocalyx protection as a therapeutic target.
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