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 CT for AVR
« CT for coronary interventions
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CT In coronary interventions



Angio-CT Hybrid Imaging - Background

During coronary angiography and percutaneous corona ry
interventions (PCI) only the lumen of the coronary vessel is
Imaged.

The complete pathology of the vessel wall
—the extent of calcification,

-structure of non-calcified plague

-lesion length,

Cannot be accurately determined.






Angio-CT Hybrid Imaging
Background

Vessel wall composition can be imaged using MSCT

AngioCt introduces a novel approach of integrating
Angiography and CT data

Developed by Shina Systems - a medical imaging
solutions company



Angio-CT Hybrid Imaging
Background

The method is designed to seamlessly
Integrate into the routine catheterization
procedures

Provide the cardiologist with information

during the interventional procedure to assist in
decision making



Angio-CT Hybrid Imaging
Background

Patients with previous Cardiac CT.

Integration of data from CT with the
iInformation from the angiography.

CT data is presented on top of the angio
data on a separate screen in the cath lab.



Angio-CT Hybrid Imaging
Background



3 D reconstruction MPR
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CTO in prox. RCA

Overlayed mesh shows large plaque over CTO

Overlay
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CTO In LAD

In the cath lab CTO doesn’t allow contrast to enhance image



CTO In LAD

CT image allows imaging of distal portion



CTO In LAD

CT image shows calcified plaque on LAD-Diag bifurcation



CTO In LAD

Aftermath - Flow is restored in LAD after stent placement



prox. LAD

Stenosis due to large plague with calcified core

Virtual IVUS feature
shows clearly
plague & lumen



Stenosis, prox. LAD

Lesion is due to long calcified plaque spiraling around LAD



mid-LAD

LAD obstruction



mid-LAD

Plague shows clearly on long view, encasing the LAD



mid-LAD

3D mesh overlayed on angiogram



mid-LAD
To assist visualisation, AngioCt find optimal viewing angle
for minimal foreshortening of selected segment



mid-LAD



Intervention

Novel method for real-time hybrid cardiac CT and coronary
angiography image registration: visualising beyond
luminology, proof-of-concept

Ariel Roguin'3* MD, PhD; Sobhi Abadi?, MD; Ahuva Engel?®, MD; Rafael Beyar'*, MD, DSc

1. Dwvision of Invaswve Cardiology, Rambam Medical (enter, Haifa, Israel; 2. Medical Imaging Department, Rambam Medical

Center, Haifa, Israel: 3. Bruce Rappaport Faculty of Medicine, the Techmion, Israel Institute of Technology, Haifa, Israel




To Investigate the accuracy, feasibility,
safety and value of a novel method of real-

time hybrid CTCA and coronary angiography
Image registration



AngioCt at Rambam

Results:
Phantom measurements - validation

Off-line:
Plaque characterization: n=20 [CTO: n=7]

On-line in the cath lab n=28 [CTO: n=6]



AngioCt
Visualizing the Invisible

Introduces a novel approach of on-line integration of

Angiography and CT data

Allows to “see” beyond the lumen and to understand t
3D nature of the vessel and the stenosis

he



Novel Method for Real time Hybrid Cardiac CT and
Coronary Angiography Image Registration

(

Provides information beyond lumenology

Recommendations of optimal C-arm
orientation for minimizing foreshortening,
vessel overlapping and improving
stenosis preview

In the cathlab may reduce contrast
injection and radiation exposure

May enhance confidence level
and success rate of CTOs crossing

Future Plans
Support of live fluoro and ECG

Support of carotids and
peripheral PCls



Future Thoughts



Future Thoughts

Imaging with CT will become more frequent.
Using Cardiac CT data will more often seen.

In the near future - a CT working station will be
part in the cath lab.

Integration on the cath lab screen is easy, fast,
feasible and helpful.



Thank you






Case |-CTO in LCX



Case |-CTO in LCX

CT - derived model registered onto XA image, models overlap



Case |-CTO in LCX

Multiple ways to overlay CT image upon XA

Virtual IVUS allows for in-depth view



Case Il - Stenosis In distal LCX

Near-occlusion in distal part of LCX



Case Il - Stenosis In distal LCX

Near-occlusion in distal part of LCX



Case Il - Stenosis In distal LCX

Near-occlusion in distal part of LCX



Case Il - Stenosis In distal LCX

Aftermath - Lumen restored after stent placement



AngioCt - Live Case 1
Minimizing Foreshortening & Masking (!
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AngioCt - Live Case 1
Minimizing Foreshortening & Masking )

Registration
result



AngioCt - Live Case 1
Minimizing Foreshortening & Masking ©)

Optimal
C-arm
Orientation






Right aortic arch

Online registration — Rambam Medical Center, Novembe r 27, 2007
CTA segmentation, performed using CardioCt - Signifi cant LAD narrowing

Diagnostic phase of the procedure revealed major LA D narrowing
predicted by CTA



C-arm orientation

Working C-arm orientation was determined based ont  he result of
CTA-to-Angiography registration, saving unnecessary contrast
injections and radiation exposure

Direct stenting was performed due to the knowledge of the lesion
composition (no calcifications)

Stent size was determined by both angio QCA and CTA  data
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AngioCt at Rambam
Phantom Tests - Accuracy Validation

The CT images of the phantoms obtained
using the AngioCt software were able to
correctly detect the representative coronary
network with different tube diameters filled
with diluted iodinated contrast.

The phantom images showed accuracy that
was similar to the spatial resolution of the CT.

Diameter as well as length measurements of
the “vessels” were accurate.



Phantom Tests - Accuracy

The diameter of the phantom’s vessel measured on

CT was equal to the actual diameter in the phantom

(2.0£0.03 mm Vs 2.0+£0.05 mm and 3.0+£0.05 mm Vs
3.0£0.04 mm p=NS).

For length, error of the measurement (n=29) of the
radio-opaque markers and the distance between the
bifurcations were less than 4% of the actual distance
(25.0£0.05 mm vs. 25.4£0.03 mm p=NS).



AngioCt at Rambam
Off line registration

Off-line analysis on data from 20 patients who
underwent both CTCA studies and invasive
coronary angiography revealed that the system
Is feasible and easy to use.

Registration time was less than 30 seconds for
all cases.



AngioCt at Rambam
On line registration

The data was displayed on a separate screen and did not
Influence the normal work flow of the catheterizati on
procedure.

The registration process took less than 30 seconds in all 28
patients.

During this period, the operator could continue wit h the
procedure.

The 3D reformatted coronary tree that was derived f  rom the
CTCA was easily used for choosing working angulatio ns
without overlapping of segments and in order to cho ose the
best separation of coronary artery bifurcations



AngioCt at Rambam
On line registration Technical failure

There were three additional patients with low quali  ty CT
scans. In these patients plague composition in the

suspected coronary vessel could not be determined, due to
movement artifact (n=2) or calcifications (n=1); th  erefore the
registration was not performed, and they were not | ncluded

In the online study.

In one of the 28 online patients, the CT missed the  diagnhosis
of a 2 mm short ruptured plague which had been diag nosed
as a heavily calcified plague from the CT images.



AngioCt at Rambam
On line registration - CTO cases

There were six cases of CTOs: one short with soft plaque
and five mixed plaques.

The registration was successful in all cases.

The registered images were used for determining the best
angulations for visualizing the path and composition of the
missing segment and as a reference for orientating the
wire direction.

Successful recanalization was achieved in four cases and
failure occurred in two cases due to heavy calcification and
long totally occluded segments



AngioCt at Rambam
On line registration - Foreshortening and Stent implantation

The correct measurement of length of the coronary
lesion during fluoroscopy is influenced by the
angulation in which the C-arm is positioned.

Thus, the projection of the arteries may have
foreshortening.

In CT, the exact length of the lesion can be measured.



AngioCt at Rambam
On line registration - Foreshortening and Stent implantation

When offline data were analyzed, we found that 10
stents (50%) were placed under high foreshortening
C-arm orientation (>10%).

This information was used for the online registration in
which the original angulation, which had been planned
for the procedure by the interventional cardiologist, was
changed to a different C-arm position with less
foreshortening in 8/28 (30%) cases



AngioCt at Rambam

On line registration - Plague coverage and stent misplacement

In the offline analysis, we observed that only part of
the plaque as seen by CT was covered by the
Implanted stent in several cases and left an

uncovered disease portion of the artery.

In 36% - sites were partially covered

In 27% - the stent was implanted more than 4 mm from the
end of the plague, i.e. possibly unneeded coverage of a
healthy segments (~27%).

In the online registration, plague coverage was
appropriate in all cases. All stent implanted
covered the plaques correctly.



Stenosis, prox. LAD

Before registration/overlay. 3D mesh shown with plaque



Stenosis, prox. LAD

Registration complete. Lesion shown on straightened view.



Stenosis, prox. LAD

Registration complete. Lesion shown on straightened view



