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Abstract 
 
Intravascular volume replacement fluid therapy plays a 
pivotal role in the treatment of patients in circulatory 
shock. The interaction between various lines of therapy 
and immune response in critically ill septic patients re-
mains a significant clinical challenge with no simple solu-
tion. Plasma expanders, crystalloids (such as physiological 
saline, balanced Ringer’s lactate, and Plasma-Lyte solu-
tion), and human albumin solution–the only acceptable 
colloid for critically ill patients–should be considered as 
necessary potent drugs with significant adverse effects. 
Sepsis is a very heterogeneous syndrome, with various 
magnitudes and persistence of inflammatory responses. 
Bearing in mind that the natural course of sepsis is highly 
complex, with phases of hyperinflammation and immuno-
suppression often occurring simultaneously in different 
locations, it is almost impossible to avoid the adverse ef-
fects of crystalloids, which are first-line intravascular vol-
ume-replacement solutions. Large-volume replacement 

therapy or rapid intravenous fluid infusion may induce 
shedding or partial denudation of the endothelial gly-
cocalyx, thereby propagating tissue injury, leukocyte and 
platelet adhesion and activation. A compromised gly-
cocalyx leads to detrimental capillary leak syndrome in 
sepsis. In clinical practice, serum albumin levels may indi-
cate the timing and need to administer intravenous human 
albumin solution during fluid resuscitation when substan-
tial volumes of crystalloids are required. This is an exam-
ple of a “glycoprotective” fluid approach, with lower vol-
umes and slower crystalloid infusion rates. The complex 
interaction among fluid therapy, the endothelium, the gly-
cocalyx, and immune mediators is pathophysiologically 
relevant and very important for clinicians in therapeutic 
approaches. 
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Apstrakt 
 
Terapija nadoknade intravaskularnog volumena tečnostima 
igra ključnu ulogu u lečenju bolesnika u cirkulatornom šoku. 
Interakcija između različitih vidova terapije i imunskog 
odgovora kod kritično obolelih sa sepsom i dalje predstavlja 
značajan klinički izazov bez jednostavnog rešenja. Plazma 
ekspandere, kristaloide (kao što su fiziološki rastvor, 
balansirani Ringer laktat i Plazma-Lyte rastvor) i rastvore 
humanog albumina–jedinog prihvatljivog koloida za kritično 
obolele–treba smatrati neophodnim potentnim lekovima sa 
značajnim neželjenim efektima. Sepsa je veoma heterogen 
sindrom, sa različitom jačinom i trajanjem inflamacijskog 

odgovora. Imajući na umu da je prirodni tok sepse vrlo 
složen, sa fazama hiperinflamacije i imunosupresije koje se 
često javljaju istovremeno u različitim delovima organizma, 
skoro je nemoguće izbeći neželjene efekte kristaloida, koji 
su terapija prve linije za nadoknadu intravaskularnog 
volumena. Primena velikog volumena tečnosti ili brza 
intravenska infuzija rastvora mogu izazvati oštećenje ili 
parcijalni gubitak endotelnog glikokaliksa, čime se podstiče 
oštećenje tkiva, adhezija i aktivacija leukocita i trombocita. 
Oštećeni glikokaliks dovodi do štetnog sindroma kapilarnog 
curenja kod sepse. U kliničkoj praksi, nivoi serumskog 
albumina mogu ukazati na vreme i potrebu uključivanja 
intravenskog rastvora humanog albumina tokom 
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reanimacije tečnočšću kada su potrebni veći volumeni 
kristaloida. Ovo je primer ,,glikoprotektivnog“ pristupa 
nadoknadi tečnostima, uz primenu manjih volumena i 
sporije brzine infuzije kristaloidnih rastvora. Složena 
interakcija između primene tečnosti, endotela, glikokaliksa i 
imunskih medijatora je patofiziološki relevantan problem, 

veoma važan za kliničare u terapijskim pristupima. 
 
Ključne reči: 
ćelija, membrana; kritična stanja; lekovi, neželjeni 
efekti i neželjene reakcije; infuzije, intravenske; 
rastvori, izotonični; sepsa. 

 

Introduction 

Over the past two decades, there have been significant 
advancements in our understanding of the complex patho-
genic underpinnings of sepsis. This idiosyncratic medical 
condition, characterized as a dysregulated immune re-
sponse (Ir) to infection, has led to continuous revisions of 
diagnostic criteria and management protocols, as well as 
heightened awareness among clinicians. The global burden 
of sepsis underscores the significance of the disease as a 
crucial health issue and a predominant factor in mortality 
and critical illness worldwide 1, 2. 

Immune cells and mediators are the most important 
components of the Ir, but remain insufficiently elucidated 
to date 3, 4. The combination of conflicting pro-
inflammatory and anti-inflammatory signaling pathways 
heavily contributes to increased mortality risk as a result of 
multiple organ failure (MOF). Patients with sepsis typically 
exhibit a transient pro-inflammatory phase, followed by 
varying degrees of immunosuppression. The Ir in individu-
al sepsis patients with different types of bacteria in the ab-
dominal sepsis have different cytokine profiles 5, 6. Moreo-
ver, due to the complexity of the Ir, it is rather challenging 
to determine independent predictors of lethal outcomes ear-
ly enough to optimize individual therapeutic approaches 7, 8. 
Interaction between various modalities of therapy and Ir in 
patients with sepsis remains a significant challenge with no 
simple solution 9. 

Fluid administration is a very important intervention 
in the treatment of critically ill sepsis patients. The main 
goal of this therapy is to restore circulatory blood volume, 
expand venous return (VR), and ultimately support cardiac 
function and maintain mean arterial pressure. The resusci-
tation fluids are broadly divided into two main categories: 
crystalloid and colloid solutions. Crystalloids are catego-
rized into unbalanced solutions, such as normal (isotonic) 
saline (0.9% sodium chloride – NaCl), and balanced (buff-
ered) solutions, including Ringer’s lactate, i.e., Hartmann’s 
solution, and Plasma-Lyte. Colloid solutions are classified 
as either natural (albumin) or synthetic (hydroxyethyl 
starch – HES). The only allowed colloid solution in a criti-
cal care setting is human albumin 10. 

 
Pivotal role of intravascular volume in sepsis and 
septic shock 
 
Simplification of the pathophysiology of circulatory 

shock leads to four basic types of this detrimental condi-
tion: hypovolemic, distributive, cardiogenic, and obstruc-
tive. Septic shock is distributive in nature. Intravascular 

volume is functionally divided into unstressed and stressed 
components. Approximately two-thirds of the entire intra-
vascular volume is unstressed volume, which does not exert 
any pressure on the vascular walls. The remaining one-third 
is stressed volume, which stretches the vessel walls and 
generates the mean systemic filling pressure (Pmsf). Theo-
retically, Pmsf is the pressure in the entire circulatory sys-
tem when the heart stops (the total blood volume is about 
5.5 L, but only 1.3–1.4 L is stressed volume) 11. Unstressed 
volume serves as a reservoir that can be mobilized through 
adrenergic stimulation. 

At equilibrium, VR is equivalent to cardiac output 
(CO). The rate of blood flow is determined by the pressure 
difference between the veins and the right atrium, while the 
cardiac pump function maintains the right atrial pressure 
(RAP) at low levels. Thus, the heart maintains the pressure 
gradient between the upstream Pmsf and the downstream 
RAP. The VR directly depends on the pressure gradient be-
tween the downstream pressure (RAP) and the upstream 
pressure (Pmsf), divided by the resistance to VR (RVr) 9. 
Therefore, VR is defined by the following equation: 
VR = (Pmsf – RAP)/RVr. 

The normal value of Pmsf is approximately 7–8 
mmHg and directly depends on circulatory volume and ve-
nous capacitance. In normal conditions in humans, RAP is 
an equilibrium between the return function and cardiac 
function, with a value of 0–2 mmHg. The RAP value is af-
fected by pleural pressure changes during spontaneous 
breathing and especially during mechanical ventilation. 
RVr depends on the vein diameter, and it is under direct 
control of the adrenergic system 10. Two main factors can 
modify Pmsf. Fluid administration increases the first factor, 
i.e., the volume of blood in large veins. The second is the 
distensible venous reservoir, which can be altered by regu-
lating adrenergic tone (the administration of vasoactive 
drugs) 12. 

Central venous pressure (CVP) reflects RAP as well 
as right ventricular filling pressure. Importantly, CVP re-
flects the backpressure on VR and, therefore, on organ per-
fusion. It is clinically important because high CVP reduces 
mean organ perfusion pressure, which can be detrimental to 
critically ill patients 13. 

A large venous reservoir might be recruited during 
acute circulatory failure, as explained before 14. The main 
goal of venous expansion is to augment VR and CO in 
these patients. However, only half of the patients respond 
to fluid administration. New research indicates that it is al-
so a time-dependent process. In the case of “fluid respond-
ers”, where the Frank-Starling curve is steep, fluid expan-
sion increases Pmsf more than RAP does, and the pressure 
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gradient also increases. The test is positive if the increase 
in stroke volume or CO is 10–15%. CO is clinically ex-
pressed as cardiac index, with normal values being 2.5–3.5 
L/min/m2. In the early phase of sepsis, there may be hyper-
dynamic circulation with a cardiac index > 4 L/min/m2. In 
the case of “fluid non-responders”, where the Frank-
Starling curve is flat, volume expansion increases Pmsf, but 
venous preload does not increase stroke volume. The in-
crease in end-diastolic ventricular pressure leads to a rise in 
RAP. Thus, RAP and Pmsf values increase together while 
their pressure gradient decreases. In this scenario, despite 
fluid administration, CO will remain unchanged 15. 

Fluid resuscitation and de-resuscitation are fundamen-
tal postulates in critical care medicine. Resuscitation strives 
to restore sufficient tissue perfusion and oxygenation, 
whereas de-resuscitation seeks to eliminate excess fluid to 
avert consequences such as pulmonary edema, abdominal 
compartment syndrome, and MOF 16. 

 
Composition of frequently utilized crystalloids 
 
Normal saline, considered a “normal and isotonic” or 

“physiological” solution, is the most commonly used intra-
venous (i.v.) solution globally, as opposed to the 0.45% 
NaCl, which is considered a hypotonic fluid. Normal saline 
solution contains 154 mmol of both sodium and chloride 
ions, but in an editorial published in 1970, it was neither 
described as normal nor physiological 17. Moreover, it is 
considered “unbalanced” due to a high concentration of 
chloride ions 18, 19. 

The administration of chloride-rich solutions can lead 
to hyperchloremic metabolic acidosis with a normal anion 
gap. Animal studies have shown that high chloride content 
causes constriction of the afferent arterioles and reduced 
glomerular filtration rate through the tubulo-glomerular 
feedback mechanism 20. A randomized controlled trial 
comparing the use of “unbalanced” vs. “balanced” solu-
tions did not show worsening of renal function. However, 
patients who received a larger volume of 0.9% saline had a 
higher probability of developing acute kidney injury 21. 

Moreover, high salt intake can lead to low urinary 
output, peripheral and organ edema, including pulmonary 
edema. Today, there is clear evidence that fluid overload is 
an independent and poor prognostic factor in the treatment 
of critically ill patients with sepsis. Hyperchloremic meta-
bolic acidosis may adversely affect the immune system 
through the large production of pro-inflammatory cytokines 
and oversynthesis of nitric oxide (NO) 22. It is considered 
that the use of “balanced” or “buffered” solutions has min-
imal effect on the immune system and acid-base balance. 
Furthermore, these solutions contain a low concentration of 
chloride ions. Examples of these solutions include Ringer’s 
lactate and Plasma-Lyte (which contains acetate and glu-
conate). Ringer’s lactate solution is slightly hypotonic 
compared to plasma due to partial ionization of solutes in 
balanced solutions 23. Individual fluid effects are difficult to 
delineate because i.v. fluid mixtures are commonly utilized 
in clinical practice. 

Human albumin solutions – the only acceptable  
colloids for critically ill patients 
 
The main measure of treatment of hypovolemia in criti-

cally ill patients is i.v. administration of crystalloid or colloid 
solutions. In sepsis, increased vascular permeability leads to 
the leakage of serum albumin into the interstitial space. This 
process contributes to the onset of hypoalbuminemia and 
edema formation 24. Extensive evidence indicates that admin-
istration of human albumin reduces net fluid balance com-
pared to crystalloids, with a smaller volume of the adminis-
tered solution required for hemodynamic stabilization. The 
effectiveness of albumin solution is better when the serum 
albumin level is lower. In clinical practice, serum albumin 
levels may indicate the timing and necessity of incorporating 
human albumin into fluid resuscitation. There are different 
albumin solutions in clinical use: hyper-oncotic (20% or 
25%, for the treatment of hypoalbuminemia) and iso-oncotic 
(4% or 5%, for the treatment of hypovolemia). Human albu-
min is the sole colloid solution that leads to an expansion of 
intravascular volume and the elevation of plasma oncotic 
pressure 25. 

Crystalloid and colloid solutions are often used together 
in the treatment of hypovolemia. The duration of effect of 
i.v. solutions on plasma volume expansion is essential for the 
sustained enhancement of tissue perfusion. The duration de-
pends on the hydrostatic pressure value, the oncotic pressure 
value, and the permeability of the vascular wall 26. Both in-
sufficient and excessive fluid administration can be detri-
mental; hence, all i.v. solutions are classified as medications. 
Recent advancements have led to the development of “low-
volume resuscitation techniques” and the use of colloid solu-
tions for patients at risk of hypervolemia 27. 

Colloid solutions (including synthetic HES, gelatin-
based colloids, and dextran) are contraindicated due to safety 
concerns and insufficient efficacy. In 2022, the European 
Medicines Agency – EMA, resolved to revoke the marketing 
license for i.v. solutions containing HES 28. Human albumin 
possesses an adequate safety profile, making it the sole rec-
ommended colloid solution for volume resuscitation. Bal-
anced crystalloids are the first-line option, with albumin ad-
vised as a secure adjunct when crystalloids are inadequate 29. 

 
General adverse effects of fluids 
 
The essential question is then, where does the fluid go? 

The patient received a bolus of i.v. fluid, but it was com-
pletely ineffective because there was no rise in CO. In this 
scenario of fluid overload, systemic inflammatory responses 
can be exacerbated, indicated by increased leukocyte adhe-
sion, capillary leakage, and interstitial edema formation, 
which, in turn, can worsen the overall tissue oxygenation. 
Sympathetic reaction is decreased, which is induced by low 
CO. In addition, flow-dependent vasodilatation is reduced 
due to arteriolar NO production 30. 

Sepsis is a very heterogeneous syndrome, with various 
magnitudes and persistence of inflammatory responses, both 
pro-inflammatory and anti-inflammatory. The complex in-
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terplay among fluids, the endothelium, the glycocalyx, and 
immune mediators represents a clinically relevant challenge 
for therapeutic approaches, because what might save one pa-
tient could harm another 31. 

Components of the sepsis host response include the 
immune system, endothelial dysfunction, and coagulopathy. 
Endothelium should be viewed as an organ system for sever-
al reasons. It covers virtually all blood vessels (one cell 
thick); there are 1013 cells in total, and the weight is circa 
1 kg. The endothelial surface is enormous, spanning around 
4,000–7,000 m², with substantial heterogeneity and diverse 
biological functions, most notably immune recruitment and 
barrier function. In critical illness, the endothelial phenotype 
tends to be pro-coagulant. In general, pro-inflammatory cy-
tokines activate endothelial cells, which impair anticoagulant 
mechanisms. On the other hand, activated monocytes over-
express tissue factor, which combines with tissue factor pre-
sent on microparticles. The formation of microvascular 
thrombi is often detrimental 28. Adhesion molecules play a 
critical role in mediating firm adhesion of leukocytes to en-
dothelial cells, followed by diapedesis and extravasation. 
Therefore, there is a pro-adhesive endothelial phenotype in 
critical illness 32. 

For critically ill septic patients, another problem is al-
tered vasomotor tone with elevated levels of endothelial vas-
odilators (e.g., NO, prostacyclin) and depletion of endotheli-
al vasoconstrictors (e.g., endothelin, thromboxane A2). This 
is the basis of vasoplegic septic shock. Disassembly of endo-
thelial cell junctions leads to interstitial edema through in-
creased vascular permeability and capillary leak 33. 

 Loss of vascular integrity worsens the negative ef-
fects of crystalloids used for fluid resuscitation. The natural 
course of sepsis is very complex, with phases of hyperin-
flammation and immunosuppression often occurring simul-
taneously in different locations 34. It is almost impossible to 
avoid the adverse effects of crystalloids, which are the first-
line solution in intravascular volume replacement therapy. 

Volume expansion is one of the most important 
measures in the treatment of severe acute pancreatitis. In this 
condition, there is premature activation of digestive enzymes 
in the pancreas itself and inflammation of peripancreatic fat 
tissue. In addition, the pancreas secretes a large amount of 
pro-inflammatory cytokines, resulting in overactive Ir and 
systemic inflammatory response syndrome. Significant intra-
vascular fluid depletion results in a combination of hypovo-
lemic and distributive circulatory shock, ultimately leading 
to multiple organ dysfunction syndrome. Although aggres-
sive i.v. fluid therapy offers distinct advantages, excessive 
fluid administration in the context of severe acute pancreati-
tis can lead to the development of abdominal hypertension 
and abdominal compartment syndrome 35. 

A syndrome of globally increased permeability can 
arise from the interplay between severe inflammation (lead-
ing to elevated capillary leak) and a positive fluid balance 
(resulting in tissue edema), ultimately contributing to the de-
velopment of MOF. Consequently, it is essential to meticu-
lously tailor fluid therapy, as 1 in 5 patients has inadequate 
i.v. fluid administration, according to the International Fluid 

Academy. Moreover, i.v. fluids are administered to about 
80% of hospitalized patients. As much as 33% of i.v. fluids 
are classified as “creep fluids”. This term is used for the ap-
plication of fluids for other purposes (dissolving medica-
tions, flushing the system, etc.), which can lead to additional 
fluid overload. Misuse of i.v. fluids contribute to acute kid-
ney injury, abdominal hypertension, and unnecessary inten-
sive care unit admissions. It is time to treat fluids like the 
drugs they are, with the same care, stewardship, and preci-
sion 36. 

 
The endothelial surface layer and glycocalyx in sepsis 
 
Microvascular dysfunction in infection includes vasodi-

lation, increased procoagulant activity, elevated permeabil-
ity, and enhanced interactions between circulating cells and 
endothelium. All these pathological processes can lead to 
disease progression 37. New findings indicate that changes in 
microcirculation begin with damage to the endothelial gly-
cocalyx (EG) 38, and that protecting this structure is im-
portant for preserving organ function 39. The existing guide-
lines for the treatment of sepsis in adult patients  do not spe-
cifically address glycocalyx damage 40; however, several 
guidelines align with efforts to protect the glycocalyx 41. 

The endothelial surface layer (ESL) consists of the EG, 
together with related chemical particles suspended in a plas-
ma layer. Aggressive administration of “clear” fluids (crys-
talloids) was previously considered essential to stabilize 
macrohemodynamic parameters. Nonetheless, microcircula-
tion may not inherently derive advantages from this therapy. 
Growing evidence suggests that large-volume fluid resuscita-
tion may adversely affect the endothelium by altering, de-
taching, or discarding the ESL. This structure acts as a pro-
tective barrier over the endothelium, and the loss or reduc-
tion of the ESL can induce tissue edema and inflammation 42. 

The extracellular glycocalyx is a protective, gel-like 
layer of carbohydrates, up to 3 µm thick, located on the lu-
minal surface of the blood vessel, and serves as a crucial 
component of cellular signaling and transvascular permeabil-
ity. It is composed of proteoglycans (proteins anchored to 
endothelial cell membranes), glycosaminoglycans, and the 
polysaccharide hyaluronan. High-molecular-weight polysac-
charides bind a large amount of water and associate with ad-
sorbed plasma proteins such as albumin and antithrombin 43. 

The glycocalyx regulates blood flow, vascular tone, 
permeability, coagulability, and inflammation. Furthermore, 
it minimizes endothelial contact with leukocytes and plate-
lets. Glycoproteins contain adhesion molecules such as integ-
rins and selectins 44.  In addition, they are crucial for leuko-
cyte trafficking during inflammation 45; quite a few of their 
activities are triggered only after the shedding or thinning of 
the ESL. The integral part of the ESL consists of proteins, 
including albumin and anticoagulants, and these proteins are 
important for preserving the normal structure and permeabil-
ity of the ESL 46. EG significantly influences alterations in 
pressure and blood flow in blood vessels. Proteoglycans are 
crucial in responding to alterations in vascular wall shear 
stress or pressure 47. The identification of these mechanical 
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stresses results in morphological alterations in endothelial 
cells and the release of NO 48. Shear stress may induce a re-
location of proteoglycans or an increase in their expression 
on the cell surface 49. The shedding (loss of glycocalyx con-
stituents) or disruption of the ESL is a crucial process fol-
lowing tissue injury to promote leukocyte and platelet adhe-
sion 50. The shedding of ESL is linked to intensified inflam-
mation and augmented vascular permeability. 

A compromised glycocalyx leads to capillary leak syn-
drome in infection and sepsis, characterized by abnormal flu-
id transfer from the blood vessels to the interstitial space, 
causing relative hypovolemia, tissue edema, and hypoperfu-
sion. The development of capillary leak syndrome is associ-
ated with longer stay in the intensive care unit and prolonged 
use of vasoactive drugs 51. 

The heterogeneity of capillary blood flow may continue 
in sepsis even when macrohemodynamic indicators, includ-
ing blood pressure and CO, are normalized 52. The release of 
EG components into blood vessels may have downstream 
implications. Shed components can act as damage-associated 
molecular patterns or “alarmins”, which can further aggra-
vate inflammation. Soluble heparan sulfate molecules are 
crucial in regulating inflammation, encompassing leukocyte 
activation, amplifying cytokine production, and promoting 
endothelial activation. The shedding of the ESL can be iden-
tified by many biomarkers, including syndecan-1, heparan 
sulfate, and hyaluronan. The revealed temporal variations in 
the release of these biomarkers in individuals with sepsis in-
dicate that hyaluronan levels rise early in therapy, while 
syndecan-1 levels increase subsequently 53, 54. 

 
Specific effects of fluid therapy on endothelial 
glycocalyx 
 
In patients requiring volume expansion therapy, partial 

or total damage to ESL has likely occurred already due to the 
influence of inflammatory mediators 55. Considering that 
modifications to the ESL may already be present in patients 
with sepsis, there is increasing evidence that the application 
of “clear” fluids may exacerbate ESL shedding. Numerous 
clinical trials have established a correlation between the vol-
ume of the given fluid and concentrations of EG biomarkers 
such as hyaluronan 53, syndecan 56, and heparan sulfate 57. 

The bolus fluid treatment may directly influence the 
ESL through hemodilution and the synthesis of natriuretic 
peptides. Consequently, there has been considerable interest 
in the development of “glycoprotective” fluid approaches or 
secondary treatments during the resuscitation phase. Fluid 
administration is fundamental in the management of acute 
circulatory failure, with certain exceptions, including cardio-
genic shock. This is typically accomplished by providing 
substantial amounts (exceeding 20 mL/kg) of crystalloid flu-
id i.v. at a quick rate or as a bolus. That intervention is par-
ticularly useful in cases of hypovolemic shock; yet certain 
types of shock exhibit vasodilation and changes in microcir-
culation. This encompasses shock states resulting from un-
controlled inflammation, including sepsis and severe trauma. 
In the above-mentioned shock scenarios, enhancements in 

macrohemodynamic parameters (CO) may not correlate line-
arly with changes in microcirculation. This is especially im-
portant in the treatment of septic shock, where early vaso-
pressor administration and fluid bolus therapy are recom-
mended simultaneously 58. In light of the absence of en-
hancement in microcirculation, it has been proposed that flu-
id expansion may exacerbate vasodilation. This may lead to 
the failure of applied vasopressor therapy. A preliminary 
clinical trial was conducted to assess the feasibility of early 
restriction of crystalloid fluid therapy in sepsis, addressing 
concerns that bolus fluids may be detrimental in such cas-
es 59. The degradation of the glycocalyx in sepsis is signifi-
cant due to thromboinflammation, and therapies for sepsis 
and septic shock may worsen endotheliopathy by further 
damaging the glycocalyx. 

Glycocalyx damage, indicated by increased syndecan-1 
levels, correlates with the fluid volume required for resusci-
tation 60. Hypotensive resuscitation, alongside reduced fluid 
administration, correlates with a decreased mortality risk in 
trauma patients 61. A recent comprehensive review and meta-
analysis determined that reduced fluid amounts yield mini-
mal to no variation in all-cause mortality when compared 
with standard therapy in adult patients with sepsis 62. Like-
wise, the research corroborates that reduced i.v. fluid 
amounts yield minimal to no variation in severe adverse out-
comes. While consensus has yet to be reached on the optimal 
volume, restricted i.v. fluid amounts demonstrate non-
inferiority.This is particularly applicable to critically ill sep-
tic patients with sufficient hemodynamic monitoring of fluid 
responsiveness. 

Another method to safeguard EG is by reducing the rate 
of fluid infusion. The rapid fluid-delivery therapeutic regi-
men aims to rapidly improve macrocirculatory parameters. 
Nonetheless, hemodynamic incoherence, characterized by a 
detachment between macrocirculatory variables such as 
blood pressure and CO and microcirculation, is a perilous 
complication of circulatory shock 63, 64.  Considering the evi-
dence suggesting that rapid fluid administration (within 10 
min) offers no advantage over slower fluid administration 
(within 20–60 min) 65, 66, larger clinical trials are warranted 
to investigate the impact of fluid rate on microcirculation and 
clinical outcomes. EG protection also involves selecting a 
“clear” fluid type. The use of albumin solution offers ad-
vantages for the ESL compared to the exclusive use of 
“clear” fluids. A recent prospective trial showed an ad-
vantage of using human albumin compared to normal saline 
in sepsis patients with sustained peripheral hypoperfusion 67. 
The endothelial coating by EG and its accompanying con-
stituents performs various activities in the body, both when 
intact and when denuded. The infusion of substantial vol-
umes of fluid disrupts this barrier, potentially leading to tis-
sue edema and inflammation. Evidence suggests that slower 
administration of fluids or limiting the volume of crystalloid 
fluids may be advantageous for sepsis patients 68. 

ESL is the main element that affects the hydrostatic and 
oncotic pressure difference between the capillaries and the 
interstitial space 69. Volume expansion therapy does not gen-
erate the volume distribution anticipated by Starling’s origi-
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nal concept. Adsorbed plasma proteins and the high-
molecular-weight polysaccharides of the glycocalyx enhance 
its stability, while albumin is the main factor of osmotic 
pressure. The initial Starling principle asserts that intravascu-
lar volume comprises plasma and cellular components. The 
amended Starling equation further includes glycocalyx vol-
ume. The primary Starling forces are the transcapillary pres-
sure gradient and the difference in the plasma-interstitial col-
loid osmotic pressure (COP). In the changed version, the dif-
ference is between the plasma and subglycocalyx COP, rather 
than between the plasma and interstitial COP. A modification 
of Starling that includes the glycocalyx model seems to more 
accurately elucidate the clinical responses observed 70. 

Vasoplegia, resulting in a refractory shock state, is 
characterized by the extensive synthesis of NO and prosta-
glandin 71. In addition to fluid administration, early admin-
istration of vasoactive drugs is the primary strategy to re-
solve this condition. Martin et al. 72 showed augmented gly-
cocalyx damage associated with the use of catecholamines in 
an in vitro model. Exogenously applied glycocalyx compo-

nents, such as hyaluronan, might theoretically repair the gly-
cocalyx structure; however, there is currently no evidence 
from animal models or clinical studies to support the efficacy 
of this approach 73. 

Sulodexide is a heparan sulfate analog that is impervi-
ous to heparanase breakdown. Researchers have documented 
the safeguarding benefits of sulodexide in a murine sepsis 
model 74 and in pediatric patients with septic shock. At pre-
sent, the current guidelines for the treatment of sepsis lack a 
description of glycocalyx restoration 75, 76. 

Conclusion 

The optimal amount and speed of fluid administration 
in critically ill sepsis patients is still a matter of debate. Bal-
anced crystalloids are the first-line option, with human al-
bumin recommended as a safe adjunct when the administra-
tion of crystalloid solutions is insufficient. Current studies 
indicate simultaneous early vasopressor administration and 
fluid bolus therapy. 
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