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Segmental and Subsegmental Lung Vessel
Segmentation in CTA Images

H. Ozkan

Abstract—In this paper, a novel and fast algorithm for segiale . MATERIALS AND METHODS
and subsegmental lung vessel segmentation is imtesd using
Computed Tomography Angiography images. This pdéggjuite
important especially at the detection of pulmonamgbolism, lung
nodule, and interstitial lung disease. The applieethod has been

realized at five steps. At tHigst step, lung segmentation is achieved . - .
At the second one, images are threshold and difteebetween the hospital. All pulmonary computed tomographic angamy

images are detected. At the third one, left anll fligngs are gathered exams performed with 16 detectors CT (Somatom $Iens§
with the differences which are attained in the secstep and Exact 16, Siemens, AG, Erlanger, Germany) equipment.eReii
Lung Image (ELI) is achieved. At the fourth oneage, which is Were informed about the examination and also faathr
threshold for vessel, is gathered with the ELLtlyasdentifying and holding. Imaging performed with Bolus tracking prag.
segmentation of segmental and subsegmental lurgglveave been After scenogram, single slice is taken at the leoél
carried out thanks to image which is obtained mftlurth step. The pulmonary truncus. A bolus tracking is placed alirmnary
performance of the applied method is found quitell Wer  {ryncus and trigger is adjusted to 100 HU (Hourhgflgnit).
radiologists and it gives enough results to thgeties medically. 70ml nonionic contrast agent at the rate of 4mL/fsith an
automated syringe (Optistat Contrast Delivery Systeiebel-
"Flarsheim, USA) is used. When opacification is heaicat the

A. Data Retrieval
In this study, data was collected from Dr. Siyansdk
thoracic and cardiovascular surgery training andeaech

Keywords—Computed  tomography angiography  (CTA)

Computer aided detection (CAD), Lung segmentatlomg vessel
segmentation

l. INTRODUCTION

pre-adjusted level exam performed from the supvaaliéar
region to the diaphragms. Contrast injection penfedt via 18-
20G intra venous cannula that was placed at antatwiein.

UNG vessel segmentation in CTA images is a necgssarcaning parameters were 120 kV, 80- 120 mA, shiakness

prerequisite in various medical imaging applicasiofor
instance; detection of pulmonary embolism [1-4hdwnodule
[5,6], interstitial lung disease (ILD) [7-9], emggma
[10,11], and surgical planning. Furthermore, thesset
segmentation provides an equipment to understandethtion
between vessels and diseases.

1 mm, pitch 1.0-1.2. Images reconstructed with 1rznad
5mm thickness, and evaluated at mediastinal win@amww
300, WL 50) with advanced workstation (Wizard, Sézrs,
AG, Erlanger, Germany) in coronal sagittal and kglanes.
Oblique plans used if needed. Each exam consist@%500
images with 512x512 resolutions.

There are several approaches to segment vessee 86m g \athod

them; Buelow et. al. segmented the lung vesselsguist
marching techniques [12]. Kiraly et al. applied laeshold
operation to the lung areas for segmentation of kessels in
contrast enhanced CT data [13]. Zhou et al. Lurgseletree

To segment minor lung vessels (segmental
subsegmental vessel), firstly, lung segmentatiomlitained
without vessels which continue toward the lung oagirom
the Mediastinum Region (MR). Then, images are tioks

and

segr_nented by a threshold based region growing rde‘rbm_ and differences between the images are detecte@ Th
CT images without any contrast enhancement [1AUi  jitterences are segmental vessels which continuerth the
et al. used a propagation scheme based on bOUMER S |, region from the MR. After these processed,def! right
mathe_matlcal morphology [15]. . . lungs are gathered with the differences which ateireed.

In this paper, a new CAD system for automatic S€Ual®n  Therefore, ELI is obtained and image, which is shrdd for
. segmental anq subsegmental Igng vessel IS deset|m vessel, is gathered with the ELI. Label of segmleatad
CTA images. This process was differently carried bom o pseqmental vessels are different from the otberponents
previous works. Before, lungs were segmented amh,th, jmages which are attained. Lastly, segmental and

segmental and subsegmental lung vessels were segime

with morphological methods. Data sets belonging 3®

patients were used. The results at the end of thesmesses

have been analyzed by the performance measured wahéc
used in medical image evaluation. The performarnicéhe
applied method is found quite well for radiologists
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"Yubsegmental vessels are detected with the labtism. The

detailed follow chart of this method is shown ig.FL.
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Fig. 1 The diagram of segmental and subsegmensakle
segmentation method

CTA images, which are in hands, are 400 as being
Firstly, to segment lung, each image has beenhblasising
Image >-300 HU as the level of threshold. The srobjects
in lung region are removed by small object remdil&gdrs.
Lastly, regions, outside of patient’s body were oged and
regions, inside of patient's body were determingdight and
left lungs without vessels which continue toware thing
region from the MR. In Fig 2a, Original 2D imagm, kig 2b,
left and right lungs are shown [16].

7 Fig. 2a) Origial image b) Left and right lung

Segmental vessels continue toward the lung regamm the
MR. Secondly, differences of the first image whiggmental
vessel rise and the previous image which hasn'msetal
vessel have been taken. The differences are detednmas
segmental vessel. Then, this process is used ingktemages
two by two. The difference image, which is attaineds been
removed from the image whose the difference isrtakerder
to achieve the differences in next 2D images. lp &, 2D
image which hasn’t segmental vessels is shownigr8b, 2D
image which has segmental vessels is shown.

Fig. 3a) 2D image without segmental vessels b)r@&ge with
segmental vessels

In Fig. 4, the difference image of the Fig 3b ahd Fig 3a
is shown.

2D Fig. 4 The difference image

Thirdly, left and right lungs in Fig. 2b are gateémwith the
differences which are attained in the second stefpig 4.
Therefore ELI is obtained (Fig. 5).

Fig. 5 Exact lung image

Fourthly, each image has been threshold using
1HU<Image<500 HU as the level of threshold for eéssin
Fig. 6, 2D threshold image is shown.

F. 6 Threshold imge
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Then, images, which are threshold for vessels in & are

gathered with the ELI in Fig 5. The last imageliswn in Fig. The author would like to thank Assoc. Prof. Dr. ©nu
7. Osman and Assoc. Prof. Dr. Sin8ahin. Besides, this work
has been supported by Dr. Siyami Ersek Thoracic and
Cardiovascular Surgery Training and Research Halspit
Istanbul, Turkey. The author wish to thank chiebtff in the
hospital, Prof. Dr. Ibrahim Yekeler.
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Fig. 7 Gathered image

In image which carried out at the end of gatheriagel of
segmental and subsegmental vessels are different the
other components. They are seen in white colorusaf its (5]
value of 2 and other components are seen in grégr co
because of their value of 1 (Fig. 7).

Lastly, segmental and subsegmental vessels aretedte [6]
with the labels of them. Components, which havevidiae of
2, have been detected as segmental and subsegmesgals 7]
and then they have been copied to a new image8gjig.The
last image of segmental and subsegmental vesdebical.
Therefore, the logical image is multiplied withgirial image (8]
(Fig.8b). Then segmental and subsegmental lungeless
segmentation is carried out with values of HU.

[11

[12]

[13

Fig. 8a) 2D logical segmental and subsegmental Waisgels b) 2D
original segmental and subsegmental lung vessels [14]
1. CONCLUSIONAND DiscussioN
In this paper, Lung vessel segmentation is difféyen
carried out from previous works. The method, whiels been [15]
tried at this work, applied to 33 different patenSegmented
lung vessel trees, which belong to each patiemst raviewed
by radiologists and it has been seen that theteeatithe end [16]
of applied method adjust to segmental and subsetginieng
vessel determined with hand by the radiologiétgh the help
of this work, which performs segmental and subsegate
lung vessel segmentation in a fast way, detectidn o
pulmonary embolism, lung nodule, interstitial ludigease or
emphysema can be determined in a faster way.
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