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Aim: to evaluate the results of clinical studies devoted to the study of the role of endothelial 
glycocalyx (GC) in the pathogenesis of critical conditions.

Materials and Methods. Scientific information was searched in domestic (E-Library) and 
foreign databases (PubMed, Scopus, Oxford University Press, Springer, Web of Science Core 
Collection). 120 publications were analysed, 42 of them were selected to meet the requirements 
of the review.

Results. GC is a gel-like polysaccharide-protein layer covering the surface of vascular en-
dothelial cells. GC maintains homeostasis of the vascular network, including controlling vas-
cular permeability and microvascular tone, preventing microvascular thrombosis, and regulat-
ing leukocyte adhesion. Endothelial GC damage is a universal link of pathogenesis in various 
pathological processes. The proposed review considers the structure and functions of GC, its 
participation in the pathogenesis of such diseases as diabetes mellitus, sepsis, covid-19, poly-
trauma, pre-eclampsia, epilepsy and others. A decrease in GC thickness in patients with diabe-
tes mellitus has been described. The effect of hyperglycaemia on GC structure has also been 
noted. In sepsis, GC is damaged by free oxygen radicals, which are released by circulating 
leukocytes, which in turn triggers a cascade of reactions that lead to systemic oedema, hypovo-
laemia with further development of organ and tissue damage. In severe trauma, damage to GC 
is noted, which is accompanied by the release of syndecan, heparan sulfate, hyaluronic acid 
into the bloodstream. Preeclampsia is also associated with GC damage, which can be detected 
by elevation of specific markers. Epilepsy and many other neurological diseases are associated 
with disruption of the blood-brain barrier, whose dysfunction is associated with GC dysfunction.

Conclusion. Timely diagnosis of GC degradation can improve life prognosis and therapeutic 
outcomes in critically ill patients.

Keywords: glycocalyx, sepsis, pre-eclampsia, polytrauma, status epilepticus, coronavirus 
infection, syndecan, hyaluronic acid.

Introduction. At the present stage of 
medicine, the earliest possible diagnosis 
of glycocalyx (GC) dysfunction in critical 
conditions is extremely important, since 
its structure disorder is a predictor in the 
development of many pathological pro-
cesses and their complications [1]. This 
issue is especially acute in the practice of 
intensive care physicians, since timely di-
agnosis of GC disorders can improve the 

prognosis of the course of the disease 
and increase the chances of survival [2]. 
GC damage and development of endo-
thelial dysfunction are a component in 
the pathogenesis of many diseases, such 
as diabetes mellitus (DM), cardiovascu-
lar diseases, strokes, epilepsy, which are 
widespread in the clinic of critical condi-
tions [31]. Modern methods of GC dys-
function assessment, which are the most 
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applicable for use in practice, include 
dark-field microscopy of the superficial 
microcirculatory bed and enzyme immu-
noassay, which is used to detect the main 
components of endothelial GC, such as 
syndecan, glypican, heparan sulfate, hy-
aluronic acid, etc. [1]. It has been shown 
that earlier determination of GC destruc-
tion markers in the blood is able to predict 
the development of severe complications 
and allows to judge about the unfavour-
able course of the disease, which can be 
useful in the practice of intensive care 
physician in order to carry out the cor-
rection of modern methods of treatment 
[31] .

The aim of this review was to analyse 
modern literature sources describing GC 
damage in various critical condition.

Structure and functions of the glycocalyx 
GC is a general term for polysaccharide 
protein complexes that coat the surface 
of vascular endothelial cells (ECs) [1]. GC 
is a complex, negatively charged gel-like 
layer on the lumenal side of ECs, com-
posed of glycosaminoglycans (GAGs), 
which are bound to membrane spanning 
proteins and glycoproteins characterised 
by short branched carbohydrate side 
chains [2]. The GAGs that make up GC 
are primarily heparan sulfate, chondroitin 
sulfate and hyaluronic acid (also called 
hyaluronan or hyaluronan) [2]. 

Notably, the dynamic balance between 
biosynthesis and excretion makes it rath-
er difficult to correctly describe the geo-
metric location and distribution of GC [11]. 
GC has a total negative charge that helps 
to determine interactions with proteins 
[22]. In particular, it can adsorb posi-
tively charged regions of some plasma 
proteins and complements the barrier 
function of the endothelium by acting 
as a first barrier to leakage of plasma 
proteins (which are mostly negatively 
charged, such as albumin) into the inter-
stitium [2]. In addition, by preventing pro-
tein leakage from the vascular network, 
GC helps to maintain osmotic pressure 
towards the blood vessel lumen, thereby 
preventing water from entering the tis-
sues [22]. Finally, GC has antithrombot-
ic/profibrinolytic effects and also inhibits 
neutrophil/leukocyte attachment [22]. 
Several components of GC including 
syndecans, heparan sulfate and hyal-
uronic acid are altered in cases of isch-
aemia, hypoxia, sepsis, atherosclerosis, 
renal disease, DM and some viral infec-
tions [19]. This alteration has a negative 
impact on the endothelium, leading to 
microcirculatory dysfunction with subse-
quent organ ischaemia and subsequent 
organ damage [22]. 

Modern methods of GC dysfunction 

assessment, which are the most applica-
ble for use in practice, include dark-field 
microscopy of the superficial microcir-
culatory bed and enzyme immunoas-
say, which is used to detect the main 
components of endothelial GC, such as 
syndecan, glypican, heparan sulfate, hy-
aluronic acid, etc. [1]. It has been shown 
that earlier determination of GC destruc-
tion markers in the blood is able to predict 
the development of severe complications 
and allows to judge about the unfavour-
able course of the disease, which can be 
useful in the practice of intensive care 
physician in order to carry out the correc-
tion of modern methods of treatment [31] 

The aim of this review was to analyse 
modern literature sources describing GC 
damage in various critical conditions.

Structure and functions of the gly-
cocalyx. GC is a general term for poly-
saccharide protein complexes that coat 
the surface of vascular endothelial cells 
(ECs) [1]. GC is a complex, negative-
ly charged gel-like layer on the lumenal 
side of ECs, composed of glycosami-
noglycans (GAGs), which are bound to 
membrane spanning proteins and glyco-
proteins characterised by short branched 
carbohydrate side chains [2]. The GAGs 
that make up GC are primarily heparan 
sulfate, chondroitin sulfate and hyaluron-
ic acid (also called hyaluronan or hyal-
uronan) [2].

Diagnosis of glycocalyx disorders 
in some critical conditions. 

Sepsis. Sepsis is defined as life-threat-
ening organ dysfunction caused by 
dysregulation of the host organism's re-
sponse to infection [38]. Sepsis and sep-
tic shock are accompanied by severe en-
dothelial damage and degradation of GC, 
leading to dysregulation of homeostasis 
and vascular wall permeability, causing 
damage to the microcirculatory channel 
[40]. GC plays a key role in the physiol-
ogy of the microcirculatory system and 
endothelium and is involved in the reg-
ulation of microcirculatory channel tone 
and vascular permeability, maintenance 
of oncotic gradient across the endothelial 
barrier, as well as leukocyte adhesion/mi-
gration and prevention of thrombosis [3]. 
Conformational changes in GC structure 
lead to the release of nitric oxide, which 
contributes to the regulation of vasomotor 
tone and tissue perfusion [14]. Local and 
systemic inflammation leads to changes 
in the structure and physiology of GC 
and, as a result, to endothelial dysfunc-
tion [4]. GC degradation during inflam-
mation is associated with increased cap-
illary permeability and release of albumin 
and fluid into the intercellular space [4]. 
Degradation of heparan sulfate leads to 

a procoagulant state with subsequent 
microthrombosis and loss of antioxidant 
properties with progressive oxidative 
damage to the endothelium [4]. 

Insufficiency of the endothelial system 
and GC against the background of sep-
sis triggers the mechanism of multi-organ 
failure (MOF). The main triggers of MOF 
are proinflammatory mediators, including 
interleukin-1 (IL-1), IL-2, IL-6, tumour ne-
crosis factor (TNF) and other molecules 
released during inflammation (bradykinin, 
thrombin, histamine, vascular endothelial 
growth factor), which cause damage and 
activation of GC components during sep-
tic shock, as well as stimulate the release 
of intercellular and vascular cell adhesion 
molecules [23]. These mediators lead to 
accumulation, adhesion and migration of 
leukocytes, which triggers inflammatory 
processes in endothelium and tissues 
and leads to further GC damage with 
progression of capillary leakage into the 
interstitial space [23].

Some clinical studies have reported 
that on the day of admission to the inten-
sive care unit (ICU), patients with sepsis 
had significantly higher median plasma 
concentrations of GC and heparan sul-
fate compared to controls, with those 
who died within the next 90 days having 
significantly higher GC concentrations in 
the sepsis patient population [29].

More recently, the plasma concentra-
tion of syndecan-1 (SDN-1) in patients 
with septic shock was found to be more 
than twice as high as in healthy volun-
teers on day 1 of admission to the ORIT 
and was significantly associated with 
the SOFA total score (a scale to assess 
the likelihood of sepsis in patients in the 
ORIT) and the SOFA coagulation sub-
scale [33]. In cases of sepsis, the blood 
coagulation system may become patho-
logically activated, leading to disseminat-
ed intravascular coagulation syndrome 
and thrombosis. Measurement of whole 
blood coagulation in patients with sepsis 
may reveal hypo-, normal or hypercoagu-
lable state, while conventional laboratory 
tests may show that plasma is not hyper-
coagulable per se, leading to the hypoth-
esis that endothelial dysfunction may be 
a major contributor to DIC syndrome [30].

According to another paper, hyal-
uronic acid and SDH-1 concentrations 
were higher during the first five days in 
the ORIT of patients with severe sepsis 
(sepsis with acute organ dysfunction) 
and septic shock (sepsis with refractory 
hypotension despite adequate fluid load) 
compared to patients with sepsis [6]. In 
addition, levels of GC and SDH-1 were 
elevated for at least the first 3 days in 
patients with septic shock compared to 
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patients with severe sepsis. More impor-
tantly, in surviving patients, GC and SDH-
1 concentrations tended to decrease 
during the ORIT stay, whereas in non-sur-
viving patients they tended to be slightly 
elevated or remained unchanged [6]. 
Thus, monitoring the progression of 
markers of GC damage (e.g. hyaluronic 
acid or SDN-1) may be useful for assess-
ing sepsis progression and predicting 
survival.

Severe trauma/polytrauma. Despite 
modern advances in the prevention and 
treatment of severe trauma, traumatic 
injuries continue to be the leading cause 
of morbidity and mortality in children and 
adults worldwide [16]. It has been found 
that after initial direct injury to the vascu-
lar surface and subsequent inflamma-
tory response, persistent disruption of 
GC integrity leads to the development 
of vascular dysfunction in adults with 
traumatic injuries, culminating in organ 
dysfunction [27]. Trauma-induced coag-
ulopathy may begin with a state of hy-
percoagulability that progresses to hy-
pocoagulability, or vice versa, and may 
depend on several factors, including the 
degree of injury, the amount and rate of 
intravascular fluid administered, and the 
presence of excessive fibrinolysis [26]. 
Blood concentration of SDN-1 was ele-
vated in trauma patients after admission 
to the ORIT, and patients with higher than 
average SDN-1 concentration showed 
more signs of microcirculatory dysfunc-
tion [28]. 

While microcirculatory dysfunction im-
proved over time and SDN-1 concentration 
decreased, SDN-1 remained elevated for 
30-50 h compared to healthy controls [27]. 
According to a study [21], intensive care 
for adults with traumatic haemorrhagic 
shock usually includes balanced trans-
fusion of blood product components (ad-
ministration of equal volumes of fresh 
frozen plasma and platelets with trans-
fused red blood cells). On the other hand, 
haemorrhagic shock after severe trauma 
does not usually occur in children, which 
is probably due to the epidemiology of 
the injury and the nature of the injury 
(i.e. more isolated head trauma). In ad-
dition, those children who present with 
trauma-related haemorrhagic shock that 
does not require massive transfusion are 
more likely to be resuscitated with crys-
talloid fluid and packed red blood cells 
without a balanced transfusion approach 
[34]. However, this strategy may lead to 
worse clinical outcomes and has been 
questioned [34]. Although trauma itself 
leads to GC degradation, the choice of 
intravenous resuscitation solution also 
contributes. When healthy subjects were 

administered 0.9% saline, Hartmann's 
solution, 4% and 20% albumin in a dou-
ble-blind crossover study, only 0.9% sa-
line showed GC degradation due to an 
increase in plasma SDH-1 content [7]. 
In resuscitation of patients with haemor-
rhagic trauma, an approach with limited 
use of saline solution is recommended 
and emphasis is placed on balanced 
transfusions including fresh frozen plas-
ma [31].

Pre-eclampsia. Pre-eclampsia (PE) 
is one of the most serious complications 
of pregnancy, ranking third in the list of 
causes of maternal mortality and is a ma-
jor cause of neonatal morbidity and mor-
tality [9]. Currently, pulmonary embolism 
is considered as a multisystem patholog-
ical condition with clinical manifestations 
beginning after the 20th week of preg-
nancy [9]. It is characterised by arterial 
hypertension combined with proteinuria 
and often oedema and signs of multi-or-
gan/polysystemic failure[9]. 

The pathophysiology of PE is not fully 
elucidated, but most agree that varying 
degrees of impaired placental perfusion 
result in the release of soluble factors 
into the maternal bloodstream, leading 
to maternal endothelial dysfunction [39]. 
The development of placental ischaemia 
is characterised by increased apoptosis 
in placental structures and the entry of 
necrotic debris and microparticles of tro-
phoblastic origin into maternal blood [32]. 
These changes initiate the triggering of 
a systemic inflammatory response: acti-
vation of immune cells and complement 
system, synthesis of proinflammatory cy-
tokines and, consequently, the develop-
ment of endothelial dysfunction [32]. GC 
release causes capillary leakage leading 
to oedema and proteinuria, dysregulation 
of vascular tone leading to hypertension 
and impaired microcirculation, activation 
of the blood coagulation system causing 
platelet consumption, and inflammatory 
changes [20].

Maternal plasma concentrations of 
SDH-1 increase during pregnancy and 
reach concentrations comparable to 
those in sepsis at term [24]. Circulating 
concentrations of hylauronic acid are el-
evated in PE compared to normotensive 
pregnancies [41]. 

Circulating concentrations of GC deg-
radation products are elevated in PE 
compared to normotensive pregnancies. 
Thrombomodulin as a marker of endo-
thelial damage in PE has been associ-
ated with disease severity and may be 
useful in at-risk women with PE [8]. Evi-
dence that endothelial GC is an important 
pathophysiological link in PE requires fur-
ther investigation [8].

Status epilepticus. Status epilepticus 
(SE) is a frequent life-threatening emer-
gency in which patients suffer from con-
tinuous or rapidly recurring seizures [5]. 
These incessant seizures lead to death, 
accelerate the progression of epilepsy 
and reduce the quality of life [5]. Normal 
neuronal function and brain homeostasis 
require blood-brain barrier (BBB) inter-
action [42]. The HEB is a dynamic and 
complex neurovascular unit that protects 
the brain parenchyma from circulato-
ry factors and regulates and maintains 
the stability of the internal environment 
of the central nervous system [42]. Re-
cently, the GC has been identified as a 
component of the extended neurovas-
cular system, an important physiological 
structure that maintains proper neuronal 
homeostasis [10]. GEC disruption has 
been described in several neurological 
diseases [18]. Recently, it has been re-
ported that seizure frequency in epilepsy 
increases with an increase in the perme-
ability of the GEB [18]. Cerebral hernia-
tion syndrome, intracranial hypertension, 
and cerebral oedema during epilepsy 
have been shown to be key causes of 
early death [17]. A vicious circle is formed 
between cerebral oedema and prolonged 
seizures, exacerbating cerebral oedema, 
accelerating the progression of epilepsy 
and worsening the outcome of patients 
with epilepsy [17]. 

Lee et al. described a decrease in GC 
levels compared to controls, following 
status epilepticus (SE), which was ame-
liorated by heparin. GC impairment was 
associated with higher GEC permeability 
and increased brain oedema 72 h after 
ES, as well as decreased survival and 
worse neurological outcome. Converse-
ly, preservation of GC by heparin could 
reduce ES-induced glia cell activation, 
GEC leakage, brain oedema, reduce the 
expression of inflammatory factors and 
improve neurological outcome. The study 
highlights the importance of GC degra-
dation in brain oedema and ES outcome, 
and indicates that heparin treatment may 
be a novel strategy for brain protection in 
ES [25].

Coronavirus infection (Covid-19).
Although coronavirus 2019 (COVID-19) 
is a recently emerged SARS-CoV-2-re-
lated disease, numerous studies have 
rapidly identified microvascular injury and 
GC degradation as the main pathophysi-
ological mechanisms of the disease [36]. 
Similar to bacterial sepsis, GC damage in 
COVID-19 follows a familiar pattern, and 
the GC degradation and endothelial dam-
age observed in COVID-19 results in a 
prothrombotic state that leads to multi-or-
gan thrombosis in severe cases [36]. 
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Fraser et al. obtained data indicating that 
GC degradation was greater in patients 
with COVID-19, in contrast to age- and 
sex-matched ORIT patients without 
COVID-19, possibly explaining the great-
er risk of thrombosis in COVID-19. Com-
pared with COVID-19-negative sepsis 
patients, COVID-19-positive patients had 
consistently higher levels of soluble P-se-
lectin, hyaluronic acid, and SDN-1, espe-
cially on day 3 of the ICU and thereafter. 
In fact, SDN-1 levels continued to in-
crease during the 7 days that COVID-19 
patients were tested [13].

Fraser DD et al. published a case re-
port of a 15-year-old female admitted to 
the hospital with COVID-19-related mul-
tisystem inflammatory syndrome (MIS-C) 
and demonstrated that plasma GC levels 
were elevated almost 7-fold compared 
to age- and sex-matched controls [13]. 
Measurement of the perfused border re-
gion of the hyoid blood vessels has be-
come a useful bedside indicator of GC 
damage. It has been shown that ventilat-
ed COVID-19 patients have thinner GCs 
compared to non-ventilated COVID-19 
patients or healthy controls [Rovas A, 
2021]. The same study showed that plas-
ma GC concentrations were significantly 
higher in both ventilated and non-venti-
lated patients with COVID-19 compared 
to controls, while SDN-1 was higher in 
ventilated patients with COVID-19 com-
pared to both non-ventilated and con-
trol groups [37]. Studies using cultured 
endothelial cells treated with COVID-19 
patient plasma in vitro have found similar 
changes in GC as well as hyaluronidase 
and cathepsin activity [35]. Several stud-
ies show that markers of GC degradation 
in blood correlate with disease severity in 
COVID-19 patients. The serum concen-
tration of SDN-1 during the first day of 
admission to the ORIT was significantly 
higher in non-surviving COVID-19 pa-
tients compared to survivors [43].

Taken together, the published studies 
strongly suggest that GC clearly under-
goes significant degradation as a result 
of COVID-19, which likely contributes to 
platelet adhesion and the increased risk 
of thrombosis seen in many COVID-19 
cases. Thus, therapies aimed at inhibit-
ing platelet adhesion (e.g. administration 
of nitric oxide via inhalation or by donor) 
and protecting/restoring GC (e.g. sulo-
dexide and/or sphingosine-1-phosphate) 
may be indicated therapeutically [31].

Conclusion. The examples of the 
described nosologies demonstrate the 
undoubted clinical value of GC assess-
ment, which serves as an impetus for 
further research in this field. Methods for 
assessing GC degradation, given its in-

volvement in the development and pro-
gression of many disease groups, are of 
great importance in the work of clinicians. 
The possibility of drug correction of GC 
disorders is of great scientific interest. 
Despite the abundance of basic and pre-
clinical studies of strategies to preserve 
and restore GC, human clinical trials are 
still lacking. In the paediatric population, 
there are still few studies on GC, which 
should also prompt future research.
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