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A Novel 4-D Image Reconstruction of
Congenital Heart Disease Using Non-rigid
Registration Technique of MSCT Images
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Three-dimensional Image Reconstruction of MSCT !
in Congenital Heart Disease |

#* Three-dimensional image reconstruction of MSCT images have allow us to
visualize clear and realistic anatomical views of congenital heart disease.

& National Cerebral and Cardiovascular Center



A Conventional 4D Reconstruction with MSCT !
in Congenital Heart Disease (10 phases/heart beat)

We need clear images for,!
1. 4D MSCT angiography!
2. cardiac functions!

3. heart replicas...!

# In children with CHD, the heart beat is pretty fast and noise of the images is always
problematic in 4D reconstruction.!

# A new method for getting clear 4D images is necessary particularly in children with
complex congenital heart disease.. !

& National Cerebral and Cardiovascular Center

Principles of the Non-rigid Registration !
Image Reconstruction Technique

Conventional rigid registration!
! A i

Non-rigid registration algorism (Phyziodynamics, ZioSoft)

(=l =/=0-0 7

#  We assessed whether a new image reconstruction technology utilizing non-rigid
registration with supercomputing algorithm reproduces clear 4-D image in children
with CHD. !

& National Cerebral and Cardiovascular Center



A Conventional Rigid Registration !
Image Reconstruction

= «

Image data with 10 phases were!
reconstructed into 50 phases

Movement

Cardiac cycle

# Supplementation of the data was performed in a linear manner.!
# Consequently, images do not look like continuous manner.

& National Cerebral and Cardiovascular Center

A New Non-rigid Registration Image Reconstruction

Movement

Image data with 10
phases were!
reconstructed into 50
phases

Cardiac cycle

#* Supplementation of the data was performed in a continuous manner.!
# Consequently, images look like smooth.

& National Cerebral and Cardiovascular Center



Non-rigid Registration Image Reconstruction !
in Adult Cases !

Images released from ZioSoft Inc.

# Smooth, continuous and low noise images can be reconstructed.!
# Even the vale leaflets can be reproduced in the 4D CT angiography.

& National Cerebral and Cardiovascular Center

Non-rigid Registration Image Reconstruction!
in a Neonate !

Interrupted Aortic Arch (day 5)
Conventional Registration Non-rigid Registration

#* The standard 10-phase/heartbeat cardiac CT study was converted into 80- to 100-phase (total
5,240 to 14,290) images using the non-rigid registration algorithm (Phyziodynamics).

& National Cerebral and Cardiovascular Center



Non-rigid Registration Image Reconstruction!
in Congenital Heart Disease: #2 !

Congenitally corrected transposition of the Great Arteries (6m)
MSCT VR image Non-rigid Registration

In a 6-month-old infant, image reconstruction was similar to that of naonate.

& National Cerebral and Cardiovascular Center

Non-rigid Registration Image Reconstruction!
in A Small Child!

DORY Non-committed VSD (2y)
Conventional Registration Non-rigid Registration

In a 2-year-old child, image reconstruction was pretty satisfactory and similar to adults.

88 National Cerebral and Cardiovascular Center



Non-rigid Registration Image Reconstruction: !
Virtual Endoscopy!

DORY (2y) RV Outflow Tract DORY (2y) PA Valve
#* Virtual endoscopy with non-rigid registration is feasible in children.!

# Valve tissues are difficult to reproduce probably because those in children are thinner
than adults.

& National Cerebral and Cardiovascular Center

Noise Reduction in Non-rigid Registration!
(data from ZioSoft Inc.)!

(Noise)
60

/ Original
50

- PhyZiol

:: / // PhyZio2
Rl

20 ———

10

140kVp 120kVp 100kVp 80kVp

# PhyZiol data were generated from 1 neighbor sets and noise reduction of 0.3.
# PhyZio2 data were generated from 2 neighbor sets and noise reduction of 0.3.
# Data show 23% and 32 % reduction noise in noise respectively at 80kVp.

& National Cerebral and Cardiovascular Center



Possible Applications of Non-rigid Registration !
Image Reconstruction!

Getting clearer images in volume rendering!

Evaluation of cardiac functions in MSCT!

Less invasive 4D MSCT angiography instead of catheter-based angiography!
Reducing radiation exposure particularly for children!

Producing heart replicas for simulation!

Precise understanding of anatomy in CHD for surgical operation

1.
2%
3:
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==
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' RV Volume! @' LV volume!
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MSCT!
MSCT!
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Conclusions!

1. We have preliminary performed a now non-rigid registration 4D image
reconstruction technique to see whether this technique works for children
with congenital hearty disease.!

2. After the NRR, MSCT 10 phase images were reconstructed into 50 to 100
phases (5,120 to 14,290) images.!

3. This technique allows visualization of the heart with smooth, continuous, and
less noise, and this technique also allows visualization of inner structures of
the heart with virtual endoscopy technique.!

4. The limitation of this technique for children with CHD is a difficulty in
visualization of valve movement.!

5. Further improvement in image reconstruction technique is necessary to
visualize the fine structures of the heart such as valves in children with
congenital heart disease.!

& National Cerebral and Cardiovascular Center
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