Voice over for dynamic CTA 

Title: 
Time-resolved, dynamic computed tomography angiography for characterization of aortic endoleaks and treatment guidance via 2D-3D fusion-imaging

Alan Lumsden:
Endoleak still remains the main challenge after endovascular aortic aneurysm repair and can be misdiagnosed. Unlike conventional CT imaging, dynamic, time-resolved CT-angiography has the advantage of visualizing the aneurysm sac during multiple time points after iodinated contrast injection. This technique helps identify all the vessels contributing to endoleak after EVAR and can be used for guiding endoleak treatment.

Marton Berczeli:
During dynamic CTA imaging, multiple scans are acquired after an intravenous bolus of iodinated contrast agent. To mitigate radiation exposure, the imaging is tailored to focus only in the region of previously implanted stent graft. Studies have shown that this modality has better diagnostic accuracy than conventional triphasic CTA imaging for endoleak. 

Ponraj Chinnadurai:
Utilizing diagnostic images for intra-operative interventional guidance is not yet standard of care. Diagnosing and treating endoleak involves multiple 2D angiographic imaging at different C-arm angulations. This 3D dynamic CTA imaging can be combined with intra-operative 2D fluoroscopy using 2D/3D image fusion to facilitate interventional treatment, with limited radiation exposure and contrast agent usage. 

Narrator:
The protocol starts with reviewing the patient’s previous images. We load them to our DICOM file reviewer and check for potential endoleak on the available images. This can be informative to decide the scan range and temporal distribution during the image acquisition. 

Representative results:
Presented here is a 76-year-old gentleman with type II diabetes, coronary artery disease and an endovascular aortic aneurysm repair in his medical history. The patient was referred to our institution based on sac enlargement and possible type II endoleak. After reviewing previous images, a possible type II endoleak was noted. A dynamic CT scan was performed at 70 kV acquiring 14 scans using 75 ml iodinated contrast material under 36 seconds. Careful review of the images demonstrated a contrast enhancement in the posterior segment of the aneurysm sac arising from bilateral L4 lumbar arteries. Quantitative analysis of the aortic and endoleak enhancement curve showed a 14.2 seconds time to peak value for the aortic and 27.5 seconds for the endoleak curve resulting in a 13.3 seconds delta time to peak value. These findings correlate with a type II endoleak. 
Then for endoleak embolization the patient was taken into the hybrid OR. The scan with the highest diagnostic value was imported into the hybrid OR workstation and key landmarks as internal iliac artery orifice, iliolumbar arteries contributing to the endoleak were annotated with different colors. 
After gaining femoral access and wire navigation into the aorta a 2D3D image fusion was performed and the two images were aligned. 
A digital subtraction angiography was performed to confirm accurate alignment. Using the combination of a longer 5 Fr sheath, a microcatheter and a wire a microcatheter was positioned into the aneurysm sac and lumbar arteries and liquid embolization was performed. Completion images showed successful occlusion of the bilateral L4 lumbar arteries.

Conclusion:
Ponraj Chinnadurai:
To answer the underlying clinical question, imaging protocols can be customized to the individual patient, based on prior imaging findings. For suspected Type I endoleak, it is recommended to have more scans acquired during the earlier phase of the time-attenuation curve. For suspected type II endoleak, that appear later, it is recommended to have more scans during the later phase of the time-attenuation curve. If no prior imaging studies are available, scans can be distributed equally. 

Marton Berczeli:
Using dynamic CT-angiography multiple inflow and outflow vessels can be identified this helps in better understanding of the endoleak and in targeting our treatment. This technique enables a quantitative approach to diagnosing aortic endoleaks (eg. Time to peak can be used to differentiate type 1 vs 2 endoleaks). Using dynamic CT-fluoroscopy image fusion guidance for endoleak embolization, radiation exposure and contrast volume consumption can be reduced.

Alan Lumsden:
Dynamic, time-resolved CTA can adequately characterize endoleak types and inflow vessels. This is especially useful in complex endoleak cases when using the combination of qualitative and quantitative analysis we can distinguish between endoleak types. 
In our experience, d-CTA imaging has also been shown to provide additional image-fusion guidance during endoleak treatment. Such dynamic time-resolved CT imaging can also be helpful in future imaging of other dynamic disease processes such as aortic dissection, peripheral arterial disease, arteriovenous malformations, or intramural hematoma.

