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Abstract. To diagnose the lung cancer as to determine if it has malig-
nant or benign nature, it is important to understand the spatial relation-
ship among the abnormal nodule and other pulmonary organs. But the
lung field has very complicated structure, so it is difficult to understand
the connectivity of the pulmonary organs using thin-section CT images.
This method consists of two parts. The first is the classification of the
pulmonary structure based on the anatomical information. The second is
the quantitative analysis that is then applicable to differential diagnosis,
such as differentiation of malignant or benign abnormal tissue.

1 Introduction

The lung area has very complicated structure, so it is difficult to understand the
spatial relationships among the pulmonary organs and the abnormal nodules.
Because of this, a new Computer Assisted Diagnosis system for lung cancer
becomes necessary [1].

In this paper, we describe a 3D analysis method of the lung based on thin-
section CT images, and we aim to support the differential diagnosis of lung
cancer. Our pulmonary organs analysis method consists of four parts. The first
is the extraction of the regions of interest (ROI) based on the segmentation
of the lung field. The second is the division of ROI into the bronchus and the
blood vessels, and the third is the identification of the pulmonary artery and the
pulmonary vein using anatomical information and 3D image processing technol-
ogy [2,3]. The last is a quantitative analysis of the spatial relationships among
the abnormal nodules and other pulmonary organs to support the differential
diagnosis of lung cancer, such as differentiation of malignant or benign nodules.
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2 Extraction of the Bronchus, the Pulmonary Artery,
and the Pulmonary Vein

2.1 Bias Correction

(a) thin-section CT image (b) Intensity curve segmentation

Fig. 1. Thin-section CT image and the result of intensity curve segmentation. (a)
shows a thin-section CT image, (b) shows a result of intensity curve segmentation
against (a).

Fig.1 (a) shows a thin-section CT image at measurement condition, tube
voltage, 150kV, tube current 200mA, beam width 2mm, table speed 2mm/s.
Thin-section CT images have a large smooth bias component caused by vari-
ous artifacts or diseases. To get high quality ROI images, we must remove this
bias component. The correction method of the bias component is based on the
segmentation of the lung field using Gaussian curvature and mean curvature.
Calculation of Gaussian curvature K and mean curvature H are expressed in
Eqs.(1) and (2) [4,5].
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where f is the smoothed image by Gaussian filter, h = 1.0 + fx
2 + fy

2 and
subscripts denote partial differentiation at the (x, y).

We segment the lung field into four regions based on the combination of the
sign of two curvature. Each region express features such as pit surface (K > 0
and H > 0), peak surface (K > 0 and H < 0), saddle ridge (K < 0 and H < 0),
saddle valley (K < 0 and H > 0) [6]. Fig.1 (b) shows a result of the intensity
curve segmentation. In this figure, white regions are peak surface, green regions
are pit surface, blue regions are saddle ridge, and red regions are saddle valley. We
separate the segmented image into background regions and the ROI. Background
regions are expressed by pit surfaces because of beam hardening effect, and ROI
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are expressed by peak surface, saddle ridge, and saddle valley. We approximate
the bias component with a bicubic spline function, and the control points are on
pit surface region. Then we subtract these estimated bias field from the original
thin-section CT images.

2.2 Extraction of ROI

Peak surface, saddle ridge, and saddle valley are mostly consisted of the bronchus,
the pulmonary artery, and the pulmonary vein. But these regions also include
background of lung field near the boundary of ROI. To extract only ROI, we
apply thresholding technique and edge emphasizing to bias corrected image. Core
of ROI have relatively high CT value than edge, so we extract these region by
thresholding technique. We use edge emphasizing to extract peripheral ROI. As
the edge emphasizing filter, we apply Marr-Hildreth operator. We extract the
edge of these regions by zero-crossing method [7].

2.3 Bronchus and Blood Vessels

The bronchus is described as a tree-like tube filled with air. CT values inside
the tube are almost equal to the low CT values of air and CT values of the
bronchus wall are as high as the blood vessels. The difference of CT values
among the bronchus wall, the pulmonary artery, and the pulmonary vein is not
distinctable. We present an algorithm to differentiate the bronchus based on the
extraction of the air region inside the bronchus.

To get a high quality image of the bronchus and the blood vessels, we must
extract the air regions inside the peripheral bronchus. We cannot, however, ex-
tract these air regions inside the peripheral bronchus by a simple thresholding
algorithm because these parts have higher CT values than in the trunk bronchus.
This is due to artifacts such as the partial volume effect. We extract the air re-
gion inside peripheral bronchus using the following procedures [8].
Step 1) Extraction of the initial air region based on threshold technique.
Step 2) Growth initial air region.
Step 3) Extraction of the air region inside the peripheral bronchus using intensity
curve segmentation information.

In step 1), we use the extraction method described by K.Mori et al.. [9].
In Step 2), we emphasize the edge of air region using Laplacian Operator, and
grow the initial air region obtained by Step 1) until it correspond to edge using
region growing method morphologically. In Step 3), we use the intensity curve
segmentation information to get the air region inside peripheral bronchus. On
Thin-section CT images, the peripheral bronchus is expressed as a ring shape.
In this case, inside the ring shape becomes an isolated small Pit Surface region
through the intensity curve segmentation method that has smoothing process by
small filter size. It is based on the fact that the inside of the peripheral bronchus
has a pit feature in small region on the intensity curve field. We extract these
pit Surface regions which connect to the air region obtained by Step 2) as the
air regions inside peripheral bronchus.
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2.4 Extraction of the Pulmonary Artery and the Pulmonary Vein

The pulmonary artery runs along the bronchus. The identification procedure of
the pulmonary artery and the pulmonary vein is as follows [8].
Step 1) We obtain the initial blood vessels image at relatively high CT values
from pulmonary blood vessels.
Step 2) We obtain centerline structures of the initial blood vessels using a 3D
thinning algorithm [10].
Step 3) We represent the centerline structures as the set of branches.
Step 4) We classify the branches of the initial blood vessels into two classes based
on the running direction of the branches against the bronchus.
Step 5) We identify blood vessel to the pulmonary artery and the pulmonary vein
based on classified centerline structure using spatial connectivity of the blood
vessels.
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Fig. 2. Classification criterion

In Step 1), we extract the 3D main structure of blood vessels to keep the skele-
ton information of pulmonary blood vessels, and remove contact parts among
the peripheral pulmonary artery and the peripheral pulmonary vein.

In Step3), we remove small branches caused by the irregular shape of the
blood vessels, and we represent the centerline structure as the set of branches
after removing the branching points of centerline structures.

In Step 4), we calculate the relationship among blood vessels branches and
bronchus, and we classify the blood vessel branches into two classes. To represent
the relationship among blood vessels and bronchus, we use the graph pattern as
shown in Fig.2. In this figure, horizontal axis shows the sequential voxel number
from the edge of the interesting branches, and vertical axis shows the minimum
spatial distance Di from the interesting voxel to the bronchus. If this graph has
little change of spatial distance Di and the value of Di is lower than T , this
branch is classified as pulmonary artery, otherwise if the value of Di increases
or decreases with the change of the interesting point, this branch is classified as
pulmonary vein. Based on these graph pattern, we classify blood vessels branches
into pulmonary artery or pulmonary vein.
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(a) normal case (b) lung cancer case

Fig. 3. Classified lung organs

Fig.3(a) and (b) shows the whole pulmonary organs image consisted of the
bronchus, the pulmonary artery, the pulmonary vein and the tumor. (a) shows
the analysis result of normal lung, and (b) shows the lung cancer case. Red organ
are the pulmonary artery, blue are the pulmonary vein, yellow are the bronchus,
and green are the abnormal nodule extracted by interactive operation.

3 Quantitative Analysis

From the classified pulmonary organs images, we make quantitative analysis for
differential diagnosis of lung cancer against follows items to support determina-
tion such as malignant or benign nature.

1) The number of connections among the pulmonary blood vessels and the
abnormal nodule. 2) The direction of the blood vessels which connect to the
abnormal nodule.

As the typical feature of malignant lung cancer, we can observe that the
pulmonary blood vessels around the tumor are drawn in irregularly by the lung
cancer tissue. We represent these malignant features using centerline of blood
vessels obtained by 3D thinning algorithm. Understanding of the connection
number is operated as follows. Firstly, we extract the abnormal nodule and the
pulmonary blood vessels that connect to this abnormal nodule. Next, we apply a
3D thinning algorithm only to pulmonary vessels. Then we count the connection
of the abnormal nodule and the centerline of the blood vessels each pulmonary
artery and pulmonary vein.

The direction of the blood vessels that connect to the abnormal nodule is
calculated as follows. Now the unit direction vector of the interesting blood ves-
sels branch is d̂P which is represented by the tangent direction at the connection
point, and the unit direction vector from the connection point P to the center
point of the abnormal nodule Q is d̂Q. Then we define the direction of the blood
vessels that connect to the abnormal nodule as V = d̂P · d̂Q If V is larger than
0.9, we guess this branch are drawn in by the abnormal nodule irregularly.
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Table1 (a) shows the result of the quantitative analysis against four malignant
lung cancer cases, and (b) shows the result against four benign cases. Columns
of each case show the connection number of the final pulmonary blood vessels.
These columns show the complexity of state among these organs. A numerator
shows the number of the blood vessels which head to the center of the abnormal
nodule, a denominator shows the number of the blood vessels that connect to the
abnormal nodule. “P.V.” means the pulmonary vein connection. “P.A.” means
the pulmonary artery connection. We can understand there are obvious difference
among malignant and benign cases. In malignant cases, the numbers of the blood
vessels that head to center of the abnormal nodule are very large. And further,
graph 1,2,3 understand there are more obvious difference among malignant and
benign cases. Graph 1,2,3 show blood vessels connection in malignant cases is
larger than that in benign cases, and show the ratio of the blood vessels which
head to center of the abnormal nodule are very large.

Table 1. Application of the quantitative analysis.

(a) malignant cases (b) benign cases

Cases P.V. P.A. Total ratio Cases P.V. P.A. Total ratio

Case1 4/4 2/5 6/9 0.667 Case1 2/7 0/2 2/9 0.222

Case2 8/12 3/5 11/17 0.647 Case2 2/3 0/1 2/4 0.5

Case3 3/8 3/13 6/21 0.286 Case3 1/3 1/2 2/5 0.4

Case4 9/13 10/17 19/30 0.633 Case4 1/10 3/13 4/23 0.174

graph 1
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graph 2

graph 3

4 Conclusion

In this paper, we described a 3D image analysis method of the pulmonary or-
gans structure based on thin-section CT images, and we applied this method to
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some normal lung and patient cases. By the segmentation of the lung filed using
Gaussian curvature and mean curvature, we can extract peripheral ROI. Using
anatomical informations of lung, we can classify the pulmonary organs to the
bronchus, the pulmonary artery, and the pulmonary vein. We also applied these
analysis results to a differential diagnosis of lung cancer. We could understand
the spatial connectivity among the pulmonary organs and the abnormal nodules
easily. A quantitative analysis of the relationship between the pulmonary organs
and the abnormal nodules, can be expected to support differential diagnosis for
a malignant or benign decision on the abnormal nodule. In future work, we will
extract the bronchus, the pulmonary artery, and the pulmonary vein using more
detailed anatomical information, and we will develop this image analysis method
to support the differential diagnosis of lung cancer in the clinical medicine.
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