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1.1. Body Text

Multiple organ dysfunction syndrome (MODS)
remains a leading cause of death among critically ill
patients despite major advances in intensive care.
Classical models have emphasized uncontrolled
systemic inflammation as the predominant driver of
organ failure. Accumulating evidence, however,
indicates that dynamic, bidirectional interactions
between immune cells and the vascular endothelium
constitute a central pathogenic mechanism that
initiates and sustains MODS (1).

Rather than serving as a passive barrier, the
endothelium functions as an active immunological
interface. In response to sepsis, trauma, major surgery,
or ischemia-reperfusion injury, endothelial cells
undergo rapid activation. This response promotes
leukocyte adhesion and transmigration, local cytokine
release, disruption of the coagulation cascade,
degradation of the endothelial glycocalyx, and
widespread microvascular dysfunction (2).
Concurrently, activated neutrophils, monocytes,
macrophages, platelets, and lymphocytes exacerbate
endothelial injury by releasing proinflammatory
mediators, extracellular vesicles, and neutrophil
extracellular traps. The resulting feed-forward loop
results in tissue hypoxia, mitochondrial dysfunction,
impaired cellular bioenergetics, and progressive organ
failure (3).

Recent advances in single-cell transcriptomics,
multiomics profiling, and computational approaches

have substantially refined our understanding of these
cellular networks (4). Novel circulating biomarkers
reflecting endothelial injury and immune activation are
emerging as tools for earlier diagnosis, risk
stratification, and individualized therapy. In parallel,
interventions aimed at endothelial protection, immune
modulation, glycocalyx preservation, restoration of
mitochondrial function, and recovery of
microcirculatory flow are being explored (5).

As critical care evolves toward precision medicine,
elucidating the molecular circuits governing immune-
endothelial crosstalk will be essential for translating
mechanistic insights into effective clinical strategies.
Future research should integrate advanced molecular
profiling with computational modeling and rigorous
prospective validation to identify actionable targets and
refine patient-specific management (6).

A systems-level perspective that considers immune
cells, the endothelium, metabolism, and the
microcirculation as an interconnected network may
shift critical care from purely supportive measures
toward mechanism-based therapeutics, thereby
improving outcomes in life-threatening critical illness.
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