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DESCRIPTION

Thromboembolism, surround conditions such as Deep Vein
Thrombosis (DVT) and Pulmonary Embolism (PE), represents a
major cause of morbidity and mortality worldwide [1,2]. Early
identification and prompt treatment of thromboembolism are
essential for preventing complications and improving patient
outcomes. In recent years, advances in biomarker research and
imaging techniques have provided novel approaches for the early
identification and risk stratification of thromboembolism.

Biomarkers for thromboembolism detection

Biomarkers are measurable indicators of biological processes or
disease states and play an important role in the early detection
and risk stratification of thromboembolism [3]. Traditional
biomarkers such as D-dimer, a degradation product of cross-
linked fibrin, have been widely used in clinical practice for the
diagnosis of thromboembolic events. However, their diagnostic
accuracy may be limited by factors such as sensitivity, specificity,
and cutoff values.

Recent research efforts have focused on identifying novel
biomarkers that offer improved diagnostic performance and
prognostic value in thromboembolism. For example, microRNA
(miRNA) profiling has shown as a potential approach for
identifying dysregulated miRNAs associated with thrombotic
risk [4]. Specific miRNA signatures in plasma or circulating
extracellular vesicles have been implicated in thromboembolism
pathogenesis and could serve as biomarkers for early detection
and risk [5]. Furthermore, and
metabolomics techniques enable

stratification
profiling
analysis of protein and metabolite signatures associated with
By identifying unique biomarker
with thromboembolism,
approaches offer insights into underlying pathophysiological

proteomic
comprehensive

thromboembolic events.

profiles in patients these omics

mechanisms and potential targets for intervention.

Imaging methods for thromboembolism
visualization

Imaging techniques play an essential role in the diagnosis and
localization of thromboembolic events, enabling accurate
visualization of thrombi within blood vessels. Conventional
imaging modalities such as ultrasound, Computed Tomography
(CT), and Magnetic Resonance Imaging (MRI) are routinely
used in clinical practice for the detection of DVT, PE, and other

thromboembolic conditions [6].

Recent advances in imaging technology have led to the
development of novel techniques with enhanced sensitivity,
specificity,

visualization.

resolution for thromboembolism
For example, ContrastEnhanced Ultrasound
(CEUS) employs micro bubble contrast agents to improve the

and spatial

detection of peripheral thrombi and assess thrombus burden in
real time [7]. CEUS offers advantages such as portability, non-
invasiveness, and lack of ionizing radiation, making it an
attractive option for point-of-care imaging in thromboembolism
diagnosis.

Moreover, molecular imaging approaches, such as Positron
Emission Tomography (PET) and
computed  tomography  (SPECT),
visualization of thrombus-specific molecular targets [8]. Targeted

single-photon emission

enable  non-invasive
molecular imaging agents, including radiolabeled peptides,
antibodies, and nanoparticles, selectively bind to thrombus-
associated biomarkers or cellular receptors, allowing precise
localization and characterization of thrombi in vivo.

Integration of biomarkers and imaging techniques offers a
comprehensive approach to thromboembolism detection and
risk stratification, combining the strengths of both modalities for
accuracy and patient management.
Biomarker-based risk scores, incorporating multiple biomarkers
thromboembolic events, can complement
imaging findings and provide additional prognostic information.

improved diagnostic

associated with
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For example, combining D-dimer levels with imaging results from
CT Pulmonary Angiography (CTPA) in patients suspected of
having PE can enhance diagnostic accuracy and risk stratification
[9]. Similarly, multimodal molecular imaging approaches, such as
combining PET imaging with MRI or CT, enable simultaneous
visualization of thrombus anatomy and molecular targets, offering
insights into thrombus composition and vulnerability [10].

Despite the potential of novel biomarkers and imaging methods
for thromboembolism early identification, several challenges
remain to be addressed. These include standardization of
biomarker assays, validation of imaging techniques in diverse
patient populations, and integration of multimodal imaging
data for clinical decision-making. Furthermore, translation of
research findings into clinical practice requires strong evidence
from large-scale prospective studies and validation in real-world
settings. Collaborative efforts among researchers, clinicians, and
regulatory agencies are essential for advancing biomarker and
imaging research in thromboembolism and implementing these
technologies into routine clinical care.

CONCLUSION

In conclusion, novel biomarkers and imaging methods offer
potential approaches for the early identification and risk
stratification of thromboembolism,
accuracy and patient management. Continued research efforts

enhancing diagnostic

and technological advancements in biomarker discovery and
imaging technology are needed to address existing challenges
and realize the full potential of these innovative approaches in
thromboembolism diagnosis and treatment.
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