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DESCRIPTION

The process of blood clot formation and its subsequent
structural modifications are critical for maintaining vascular
integrity and preventing hemorrhage. While platelets are
traditionally considered the primary agents responsible for clot
contraction, emerging evidence highlights a significant role
played by Red Blood Cell (RBC) aggregation in clot shrinkage
independent of platelet activity.

Blood clot architecture

Blood clots are intricate structures composed of fibrin networks,
platelets, red blood cells and other cellular components. Upon
injury, the fibrin
formation, stabilizing the initial platelet plug. Platelets interact
with fibrin fibers and exert contractile forces, drawing the fibrin
mesh together and reducing the overall clot volume. This
process, known as clot retraction, helps restore blood flow
around the clot and supports wound healing.

vascular coagulation cascade initiates

Traditionally, RBCs have been viewed as passive participants in
this process, entrapped within the fibrin network. However,
recent experimental findings suggest that RBCs can actively
contribute to clot remodeling through mechanisms that do not
involve platelets. One such mechanism involves the tendency of
RBCs to aggregate, particularly under low-shear conditions,
which influences the mechanical properties and volume of the

clot [1-3].

Biomechanical properties of RBC

The biomechanical profile of a blood clot is largely determined
by its While platelets
contribute actively through actomyosin-mediated contraction,
RBCs influence clot rigidity and density through their collective
interactions. Aggregated RBCs exert passive compressive forces

cellular and fibrillar constituents.

as they settle within the fibrin network, creating a more compact
and less porous structure.

Studies employing rheometry and atomic force microscopy have
measured increased stiffness in clots with high RBC content,
even in the absence of plateletmediated contraction. These
findings suggest that RBC aggregation imparts mechanical
resilience to the clot, potentially enhancing its resistance to
external stress and enzymatic degradation. However, such
increased stiffness may also affect the susceptibility of the clot to
pharmacological lysis, posing challenges in thrombolytic therapy.

Molecular determinants

Several molecular factors influence the aggregation of RBCs
within clots. Fibrinogen concentration, ionic strength of plasma
and the presence of acute-phase reactants modulate the strength
and stability of erythrocyte interactions. Surface proteins on
RBC membranes, such as glycophorin A and CD47, also play
roles in mediating cell-cell adhesion and signaling.

Inflammatory states can amplify RBC aggregation by altering the
plasma milieu, increasing the levels of fibrinogen and other
adhesive proteins. This effect can promote more rapid clot
consolidation and may contribute to the formation of occlusive
autoimmune  disorders.

inflammatory  and

Consequently, therapies targeting the plasma environment or

thrombi in

RBC surface interactions may modulate clot structure and
improve outcomes in thrombosis-prone individuals [4-7].

Fibrin structure and RBC packing

Fibrin architecture is essential for supporting RBC aggregation
and guiding their spatial organization within the clot. The
orientation, density and thickness of fibrin fibers determine the
extent to which RBCs can deform and align into polyhedral
configurations. In finely woven fibrin networks, erythrocytes
experience greater mechanical compression, promoting tighter
packing and more pronounced clot shrinkage.

Thrombolysis and clot resolution

The compacted nature of RBC-driven clots poses challenges for
enzymatic clot dissolution. Reduced porosity and increased
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mechanical stiffness can impede the penetration of fibrinolytic
agents, potentially lowering the efficacy of treatments such as
Tissue Plasminogen Activator (TPA). In clinical settings, this
may translate to delayed thrombolysis or incomplete clot
breakdown, especially in strokes or myocardial infarction.

Understanding how RBC aggregation alters clot composition
and resistance may help tailor anticoagulant or fibrinolytic
therapies. Adjustments in dosing strategies or combination
therapies could be explored to enhance drug delivery within
compacted thrombi. Additionally, early detection of high-density
clots may inform interventional decisions, such as mechanical
thrombectomy [8-10].

CONCLUSION

The aggregation of red blood cells within a blood clot represents
an active and significant mechanism of clot shrinkage that
of platelet Through
mechanical deformation, cellular alignment and biochemical
interactions with fibrin, RBCs contribute to the structural
integrity and compaction of thrombi. This perspective shifts the

operates  independently function.

focus from platelets alone to a broader appreciation of
erythrocyte behavior in coagulation biology.
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