.

) <

The University of Osaka
Institutional Knowledge Archive

Topological Analysis for Arteriovenous
Title Malformations via Computed Tomography
Angiography Part 1 : Mathematical Concepts &
Part 2 : Practical Application

Author(s) |&%, #h#d

Citation |KFRKZ, 2015, HIEHX

Version Type

URL https://hdl. handle.net/11094/51954

rights

PUEBRVWERIH D ERZABEMERNEERL /-

2, EXIURATEORRDENZ/FHLTWE

Note T, EXDTHRAZ CHFLDIHZEIE., <a
href="https://www. library. osaka-

u.ac. jp/thesis/#closed”> KPR KZEDIELTF/ITIC DL

/& TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



[Format-PO2R]

wmoOoX R o oB®m" o B B
Synopsis of Thesis

G Wg i

Name
Topological Analysis for Arteriovenous Malformations via Computed Tomography Angiography
RCREA Part 1: Mathematical Concepts & Part 2: Practical Application
Title (ThER IR 72 03D M F B CTHRIT 53 B (Ui TR AER F ik

B EFMRE IO R BRI

IMCNEOE B (Abstract of thesis)
Part 1
[Purpose) Evaluating the progression of soft-~tissue arteriovenous malformation (AVMs) is still problematic.

To establish a quantitative method, we took a morphological approach.

(Methods) Normal blood vessels in early-phase 3D-computed tomography angiography imzges are theoretically
expected to be tree-like structures without loops, whereas AVM blood vessels are expected to be mesh-like
structures with loops. Simplified to the utmost limit, these vascular structures can be symbolized with
wire-frame models composed of nodes and connecting edges, in which making an extra loop always needs one more

of edges than of nodes.

(Results] Total amount of abnormal vascular structures is estimated froma simple equation: Number of vascular

loops = 1 = ([Number of nodes] - [Number of edges]).

(Conciusion) Abnormalities of AVM vascular structures can be mathematically quantified using computed
tomography angiography images.

Part 2
{Purpose] Inaprevious study, the authors outlined a technique for calculating the number of abnormal vascular
loop structures described in 3~dimensional computed tomography angiography. To be developed into a quantitative
evaluation method for soft—tissue arteriovenous malformations (AVMs), the concept needs assessment of

validity.

[Methods] Cemputed tomography angiography results of 19 soft~tissue AVMs and 18 control abdominal vessels
are utilized. Enhanced vascular lumen regions over 120 HU were extracted by a region growing method and
skeletonized into wire frame graph models. The number of vascular loop structures in graphs is calculated
as 1 — [Number of nodes] + [Number of edges], and results are compared between AVM/control groups,
.pre~/postprogression, and pre—/posttreatment.

(Results) Average vascular lumen capacity of AVMs was 57.5 ml/lesion, and average number of vascular loops
was 548 loops/lesion. Loop density of AVMs (weighted average, 9.5 loops/ml) exhibited statistically significant
(P < 0.001) greater value than normal abdeminal blood vessels (weighted average, 1.3 loops/ml). In all 4 cases
without treatment, number of loops and loop density both increased. Particularly, number of loops increased
greatly by 2 times or more in 3 cases. In all 7 cases with treatment, number of loops and vascular lumen capacity
significantly (P = 0.0156) decreased. Particularly, number of loops showed clearer decrease in cases with

entire lesion treatment than partial treatment.

[Conclusion] Total number of described vascular loop structures and their density or volume well reflected
the existence, progression, and remission of soft-tissue AVMs. Topological analysis can be expected to be

developed into a quantitative evaluation for AVMs.
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