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DESCRIPTION
Thrombotic disorders, characterized by the formation of blood 
clots within the vascular system, can lead to significant morbidity 
and mortality. Accurate diagnosis and timely intervention are 
crucial in managing these conditions effectively. Recent advances 
in diagnostic imaging have significantly enhanced our ability to 
detect and assess thrombotic disorders, offering improved 
outcomes for patients.

Introduction to thrombotic disorders

Thrombotic disorders, including Deep vein Thrombosis (DVT), 
Pulmonary Embolism (PE), and arterial thrombosis, are a major 
healthcare concern. They can result in life-threatening conditions 
such as stroke, myocardial infarction, and pulmonary embolism. 
Early and precise diagnosis is essential to prevent complications 
and initiate appropriate treatment.

Conventional imaging techniques

Historically, conventional imaging techniques such as 
venography, ultrasound, and Computed Tomography (CT) scans 
have been used to diagnose thrombotic disorders. Venography, 
once considered the gold standard for DVT diagnosis, involves 
injecting contrast dye into a vein to visualize clots. However, it is 
invasive and carries a risk of complications. Ultrasound, 
particularly Doppler ultrasound, has become the preferred 
method for diagnosing DVT due to its non-invasiveness, 
availability, and high sensitivity. It uses sound waves to detect 
blood flow and visualize thrombi. CT Pulmonary Angiography 
(CTPA) is the standard for diagnosing PE, providing detailed 
images of the pulmonary arteries after contrast injection.

Advances in magnetic resonance imaging

Magnetic Resonance Imaging (MRI) has seen significant 
advancements, making it a valuable tool in diagnosing 
thrombotic disorders. MR venography and MR angiography 
provide high-resolution images of blood vessels without ionizing

radiation. These techniques are particularly useful for patients 
with contraindications to iodinated contrast agents used in CT 
scans. Recent developments include 4D flows MRI, which 
captures blood flow dynamics in three dimensions over time. 
This technique offers detailed information about blood flow 
patterns and can detect abnormalities such as turbulent flow 
around thrombi. Additionally, MR Direct Thrombus Imaging 
(MRDTI) uses specific sequences to directly visualize thrombi, 
aiding in the diagnosis of acute and chronic thrombotic 
conditions.

Nuclear medicine techniques

Nuclear medicine techniques, such as ventilation-perfusion 
(V/Q) scintigraphy, have been used for decades to diagnose PE. 
This method involves inhaling a radioactive gas and injecting a 
radioactive tracer to assess ventilation and perfusion in the 
lungs. Mismatched areas on the scan indicate PE. Recent 
advancements include Single-Photon Emission Computed 
Tomography (SPECT) and Positron Emission Tomography 
(PET). SPECT provides three-dimensional images, improving 
diagnostic accuracy. PET, when combined with CT (PET/CT), 
offers detailed anatomical and functional information, allowing 
for the detection of thrombi and assessment of their metabolic 
activity.

Emerging techniques: Photoacoustic imaging

Photoacoustic Imaging (PAI) is an emerging technique that 
combines optical and ultrasound imaging. It involves the use of 
laser pulses to generate ultrasound waves within tissues, 
providing high-resolution images of blood vessels and thrombi. 
PAI offers the advantage of visualizing both the structure and 
composition of thrombi, potentially distinguishing between 
acute and chronic clots.

Artificial intelligence and machine learning

Artificial Intelligence (AI) and Machine Learning (ML) are 
revolutionizing diagnostic imaging for thrombotic disorders. AI
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algorithms can analyze large datasets of imaging studies,
identifying patterns and features indicative of thrombi. ML
models can enhance image interpretation, reducing the risk of
human error and improving diagnostic accuracy. For instance,

deep learning algorithms have been developed to automatically
detect and quantify thrombi on CT and MRI scans. These
models can assist radiologists in identifying subtle signs of
thrombosis, leading to earlier and more accurate diagnoses.
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