Journal of Korea Multimedia Society Vol. 22, No. 9, September 2019(pp. 992-999)

https://doi.org/10.9717/kmms.2019.22.9.992

7 o 2IAZE ofulx|edA PAS FHE 8T
HEF dEYI £4 ¢ 3D A

ol

=
=

Mt
A

Analysis and 3D Reconstruction of a Cerebral Vascular Network
Using Image Threshold Techniques in High-resolution
Images of the Mouse Brain

Junseok Lee'

ABSTRACT

In this paper, I lay the foundation for creating a multiscale atlas that characterizes cerebrovasculature
structural changes across the entire brain of a mouse in the Knife-Edge Scanning Microscopy dataset.
The geometric reconstruction of the vascular filaments embedded in the volume imaging dataset provides
the ability to distinguish cerebral vessels by diameter and other morphological properties across the whole
mouse brain. This paper presents a means for studying local variations in the small vascular morphology
that have a significant impact on the peripheral nervous system in other cerebral areas, as well as the
robust and vulnerable side of the cerebrovasculature system across the large blood vessels. I expect
that this foundation will prove invaluable towards data-driven, quantitative investigations into the
system-level architectural layout of the cerebrovasculature and surrounding cerebral microstructures.
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Fig. 1. Knife—Edge Scanning Microscope(KESM). (a) Major components of the KESM are shown: (1) high—speed line—
scan camera, (2) microscope objective, (3) diamond knife assembly and light collimator, (4) specimen tank
(for water immersion imaging), (5) three—axis precision air—bearing stage, (6) white—light microscope illumina—
tor, (7) water pump (in the black) for the removal of sectioned tissue, (8) PC server for stage control and
image acquisition, (9) grantie base, and (10) grantie bridge. (b) An illustration of the principle of operation

of the KESM. Adapted from [9].
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Fig. 2. KESM tissue imaging workflow. It illustrates the process of obtaining a tissue image using KESM. Adapted

from [10].
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Fig. 3. A cross section of the mouse brain, The black
parts are vascular stained with India ink, Coro—
nal view(|: Dorsan, |: Ventral).
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Combined image z1
(Bad condition image)
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1st z axis sub-sampling
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(Replacement)

Combined image z1+1

2nd z axis sub-sampling

Combined image z2  Binarization image b
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Fig. 4. 2 steps Z axis sub—sampling and binarization process. Image z1 is the average of image of image z and
image z+1. Image e is a blank image for replacing bad condition image z1. Image z2 is the average of image
e and image z1+1, Image b is the minimum thresholding result of image z2, Coronal view( {: Dorsan, |:

Ventral). Adapted from [14].
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Classification

Size of the vessel”

Capillaries

D <104 £08 um

Medium sized

104+08 yum <D < 20.8 £ 1.6 um

Large sized (partl)

208+16 im<D < 416+32 pm

Large sized (part2)

D>416+32 um

* Size of the vessel

. Original resolution (4.8 ym x 5.6 pm) applied (4.8 ym or 5.6 pm per lpixel)
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Fig. 5. Example of the categorized vessel in the coronal imaging slice according to the diameter size. Binarized
image with minimum threshold method. It is classified into three groups depending on the size of the blood
vessel diameter, (26+2 < Diameter < 52+4 um, 52+4 um { Diameter < 78+6um, Equal or greater than

78+6 um).

(a) (b)

Fig. 6. Categorized vessels according to diameter size, (a) Capillaries (Diameter <

(c) (d)

10.4+0.8 um). (b) Medium—sized

vessels (10.4+0.8 um { Diameter < 20.8+1.6 um). (c) Large—sized vessels (part1) (20.8+1.6 um { Diameter
< 41,6%3.2 um), (d) Large—sized vessels (part2) (Diameter ) 41.6+3.2 um), Transverse plane ( | : Posterior,

| : Anterior).
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(b)

Fig. 7. Distribution of vessels according to diameter size over the whole mouse brain, (a) Transverse plane (1:
Posterior, | : Anterior), (b) Sagittal view (—: Anterior, —: Posterior). | categorized blood vessels from capil—
laries (Diameter < 10,4+0.8 um) in blue, medium—sized vessels (10,4+0.8 um ¢ Diameter < 20,8+1.6 um)
in black, large—sized vessels (part1) (20.8+1.6 um { Diameter < 41,6+3.2 um) in green, large—sized vessels

(part2) (Diameter ) 41.6+3.2 um) in red,
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