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DOAN CONG LE : 3-D LIVER RECONSTRUCTION AND MODELING FOR
SURGICAL SIMULATION. THESIS ADVISOR : ASST. PROF. PARAMATE

HORKAEW, PhD., 206 PP.

LIVER/RECONSTRUCTION/MODELING/SURGICAL SIMULATION

Over recent decades, medical image of the liver has been widely used in
diagnostics and treatment, particularly in hepatectomy. Although the liver images
recorded by scanners provide useful information relevant to the anatomy, the structural
complexity as well as the low contrast between liver and surrounding tissues lead to
major challenges needed to be solved. Firstly, to have a better presentation, the
segmentation is applied to locate and highlight the liver. Then, the 3-D liver model
generated from segmented results is used for visualization. It has been known that
deeper understanding of the anatomy of liver and its structure prior a major surgery is
considered as one of most important prerequisites to reduce the risks and ensure the
survival of patients. Particularly, the correct localization of functionally independent
segments assists surgeons to operate on a specified region without causing damages to
other regions as well as reducing the blood losing. In living donor liver transplantation,
accurate measurement of graft volumetry (GV) of liver in donor is critical to avoid the
liver insufficiency in post-operation. In real practices, the 3-D visualization enables
information sharing of liver and its peripherals. It aims to avoid the misunderstanding
between members of surgical team. The visualization is also useful for trainee and

surgeons in practicing new technologies.



IV

Motivated by these reasons, this thesis proposes a method for 3D liver
reconstruction by using medical image. To this end, a 3D anatomical model of a liver
and vessels were first extracted from a volumetric image, using image segmentation
strategies. Subsequently, eight segments on the extracted liver were separated based on
anatomical definition and vascular network. Next, 3D visualization and subject-specific
surgical simulation were performed to support both pre-operative planning and post-
operative administration. Finally, mesh parameterization combined similarity
transformation assists to estimate the GV, which was used to assess the compatibility
of the graft to be implanted. The proposed method was evaluated on a public datasets
MICCAI SLIVER 2007. The experimental results on segmentation of liver were
benchmarked against the state-of-the-art methods, based on major clinically relevant
metrics. Both visual and numerical assessments reported herein indicated that the
proposed system could improve the accuracy and reliability of segmentation.
Simultaneously, the accurate localization of functional segments of liver implied that
the proposed method could faithfully label all Couinaud’s segments, especially the
caudate, with lesser degree of user interaction. The preliminary findings suggested that

it can be integrated into augmented surgical planning and intervention.
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