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Letter to Editor @ OPEN ACCESS

Endothelial dysfunction has emerged as a pivotal mechanism underlying postoperative complications
and adverse outcomes in critically ill patients following major surgery. In this letter, we would like to
highlight the physiological function of the vascular endothelium, the factors leading to endothelial
dysfunction, and how this pathology manifests clinically.™

Increasing evidence indicates that the vascular endothelium is not merely a passive barrier but a
dynamic organ that regulates vascular tone, tissue permeability, coagulation, inflammation, immune
responses, and microcirculatory perfusion. The vascular endothelium consists of a monolayer of
endothelial cells lining the interior surface of blood vessels and is covered by a carbohydrate-rich
endothelial glycocalyx. Under physiological conditions, the endothelium maintains vascular
homeostasis by regulating nitric oxide (NO) production, preventing inappropriate platelet activation,
inhibiting leukocyte adhesion, and preserving an intact vascular barrier.*> Injury to either endothelial
cells or the glycocalyx disrupts these protective mechanisms, leading to reduce NO bioavailability,
increased vascular permeability, capillary leak, inflammation, coagulation abnormalities, and
microcirculatory impairment. Recent clinical studies have demonstrated that major surgery is
associated with measurable endothelial injury and glycocalyx degradation, reflected by increased
circulating levels of biomarkers such as syndecan-1, heparan sulfate, and angiopoietin-2."3~*
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Letter to Editor

Endothelial dysfunction has emerged as a pivotal mechanism underlying postoperative complications and
adverse outcomes in critically ill patients following major surgery. In this letter, we would like to highlight
the physiological function of the vascular endothelium, the factors leading to endothelial dysfunction, and
how this pathology manifests clinically.’

Increasing evidence indicates that the vascular endothelium is not merely a passive barrier but a dynamic
organ that regulates vascular tone, tissue permeability, coagulation, inflammation, immune responses, and
microcirculatory perfusion. The vascular endothelium consists of a monolayer of endothelial cells lining the
interior surface of blood vessels and is covered by a carbohydrate-rich endothelial glycocalyx. Under
physiological conditions, the endothelium maintains vascular homeostasis by regulating nitric oxide (NO)
production, preventing inappropriate platelet activation, inhibiting leukocyte adhesion, and preserving an
intact vascular barrier.** Injury to either endothelial cells or the glycocalyx disrupts these protective
mechanisms, leading to reduce NO bioavailability, increased vascular permeability, capillary leak,
inflammation, coagulation abnormalities, and microcirculatory impairment. Recent clinical studies have
demonstrated that major surgery is associated with measurable endothelial injury and glycocalyx
degradation, reflected by increased circulating levels of biomarkers such as syndecan-1, heparan sulfate,
and angiopoietin-2."35¢

Tissue injury and stress associated with major surgical interventions cause the release of damage-associated
molecular patterns (DAMPs), which activate neutrophils, macrophages, and endothelial cells. This
inflammatory response is further amplified by ischemia-reperfusion injury associated with vascular clamping,
organ transplantation, or cardiopulmonary bypass. Endothelial dysfunction manifests initially as increased
vascular permeability, interstitial edema, impaired oxygen diffusion, and tissue hypoxia despite apparently
adequate systemic hemodynamics. Widespread vascular permeability leads to leakage of plasma proteins
and intravascular fluid into the interstitial spaces, thereby reducing the effective circulating blood volume
and predisposing patients to hypotension, hypoxemia, vasoplegia, increased vasopressor requirements,
acute kidney injury, pulmonary dysfunction, prolonged mechanical ventilation, and longer ICU stay.
Angiopoietin-2 has been shown to correlate with capillary leak and postoperative complications following
cardiac surgery, while glycocalyx degradation has been associated with exaggerated systemic inflammatory
responses and prolonged ICU admission.>¢” Additionally, the expression of tissue factor and reduction of
endogenous anticoagulant activity shift the hemostatic balance toward thrombosis and microvascular
occlusion. These alterations impair regional blood flow and contribute to multiple organ dysfunction
syndrome, one of the leading causes of morbidity and mortality in postoperative ICU patients.

Traditional hemodynamic monitoring focuses primarily on macrocirculatory parameters such as blood
pressure, cardiac output, and central venous pressure. However, restoration of these variables does not
necessarily ensure adequate tissue perfusion because microvascular blood flow may remain severely
impaired. The microcirculation is particularly vulnerable to endothelial dysfunction after major surgery.
Endothelial dysfunction promotes heterogeneous capillary perfusion and impairs oxygen extraction at the
cellular level. This phenomenon explains why some postoperative ICU patients continue to develop organ
dysfunction despite apparently satisfactory systemic hemodynamic measurements.

Consequently, there is growing interest in integrating biomarkers of endothelial injury with advanced
microcirculatory monitoring to improve risk stratification and guide individualized therapy. Despite
increasing recognition of its clinical importance, direct assessment of endothelial dysfunction remains
challenging in routine ICU practice. Most currently available biomarkers, including syndecan-1,
angiopoietin-2, soluble thrombomodulin, VE-cadherin, ICAM-1, E-selectin, and heparan sulfate, are
primarily used in research settings until standardized diagnostic thresholds are established.
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Nevertheless, these biomarkers have shown considerable promise for identifying high-risk patients and
predicting postoperative complications before overt organ dysfunction becomes clinically apparent.™?
Exploratory studies have demonstrated associations between endothelial biomarkers and intravascular
albumin loss, capillary leak, and prolonged ICU stay after major surgery.®® Furthermore, circulating
biomarkers are increasingly being investigated for identifying patients at risk of postoperative vasoplegia.’®
Combining endothelial biomarkers with conventional clinical scoring systems such as SOFA or APACHE Il
may improve prognostic accuracy and facilitate earlier therapeutic intervention.™*?

Therapeutic strategies aimed at preserving endothelial integrity represent an active area of investigation.
Examples include individualized goal-directed fluid therapy, judicious use of vasopressors, avoidance of
hyperglycemia, maintenance of normothermia, and minimization of ischemia-reperfusion injury. Excessive
intravenous fluid administration itself may contribute to glycocalyx shedding, underscoring the importance
of balanced fluid management.’ In addition, anesthetic techniques and agents may influence endothelial
glycocalyx preservation, although current evidence remains inconclusive.* Experimental studies have
explored the potential benefits of albumin, fresh frozen plasma, corticosteroids, antioxidants, antithrombin,
and glycocalyx-stabilizing agents, although robust randomized clinical trials remain limited. More recently,
Ulinastatin has demonstrated encouraging results in reducing glycocalyx degradation and postoperative
delirium following cardiac surgery, highlighting the possibility of targeted endothelial-protective therapies
in the future.®

Future research should focus on integrating endothelial biomarkers into perioperative risk prediction models,
identifying patients most likely to benefit from endothelial-protective interventions, and determining whether
restoration of glycocalyx integrity translates into improved organ perfusion. Advances in omics technologies,
artificial intelligence, and bedside microcirculatory imaging may further enhance our understanding of
endothelial biology and facilitate precision medicine approaches in perioperative critical care.

In conclusion, endothelial dysfunction is increasingly recognized as a central mechanism linking major surgery
to postoperative critical illness. Damage to the vascular endothelium and endothelial glycocalyx contributes
to inflammation, capillary leak, vasoplegia, coagulation abnormalities, impaired microcirculation, and
multiple organ dysfunction in ICU patients. Although endothelial biomarkers have not yet entered routine
clinical practice, accumulating evidence supports their value for risk stratification and prognostication.
Continued investigation into endothelial-protective strategies offers promising opportunities to improve
outcomes in critically ill patients recovering from major surgical procedures.
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