
����������	
	��

	
	���	
�	
	������	�

� ��������	��� ���� ��	!��"������#	��$%� $"&	�� '��� ��	�(	)�*�#	+�&"�*

��,

���"��	-.�& /�0 �#	���"	1"2 3"/�0"�

�����������	
�
��	�
�����
���

��������	�����������
�������������������	��������	

����	
�����
��	

Radiology is one of the most rapidly developing fields of medicine. It plays an impor-
tant role in the modern clinical treatment. With the growing popularity of medical imaging
techniques, many diseases can be detected at the early stage of their progress. Furthermore,
imaging examinations help in the decision to open surgery and are used in the postoperative
control of the patient.

There are several radiological examinations used for the imaging of different areas of
human body. Most popular techniques include computed tomography (CT), magnetic reso-
nance imaging (MRI), positron emission tomography (PET) and ultrasonography (USG).
These methods are widely used in the diagnosis of lesions within human abdomen, heart,
lung, brain etc.

In this paper attention is focused on CT investigation of one of the most serious brain
dysfunction called hydrocephalus.

Hydrocephalus (also known as “water on the brain”) is the pathology most commonly
affecting newborns, but it can also arise due to other abnormalities in the functioning of the
brain. The disease is complex, hence there is no clearly established and accepted definition
of hydrocephalus. In most studies the definition of this lesion is usually replaced by its
descriptive characteristics which draws attention to the presence of three following symp-
toms [1]:
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The only way to deal with hydrocephalus is surgical treatment [2]. However, not every
ventricular enlargement of brain is caused by hydrocephalus and requires surgery. For this
reason, precise assessment and diagnosis of hydrocephalus is an important step in treatment
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planning. Recently, the assessment of pathological changes due to hydrocephalus is based
on CT or MRI brain scans. However, such assessment is still performed manually or semi-
manually by a radiologist. Automation of this process may increase efficiency of lesion
detection and eliminate the problem of subjective assessment of the disease.

The presented research considers the problem of an automatic detection of hydro-
cephalus in CT images. For this purpose, several thresholding algorithms were tested and
compared with the proposed, new method for segmentation based on seeded region grow-
ing. The results of this comparison were presented and discussed.

�������
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Recent studies of hydrocephalus go in two main directions. From the medical point of
view, there is a need to find a better solutions for the diagnosis of disease activity. On the
other hand, medical image processing deals mainly with challenging task of segmentation
of brain ventricular system.

For many years the only indicator of hydrocephalus progress was Evan’s ratio i.e. ratio
between the transverse diameter of the anterior horns of the lateral ventricles to the greatest
internal diameter of the skull [3]. CT brain scan with lines indicating diameters used for
calculation of Evan’s ratio is presented in Figure 1. Specifically, diameter A denotes anterior
horns of the lateral ventricles and diameter B is the greatest internal diameter of the skull.
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International guidelines for the diagnosis of hydrocephalus indicate the active disease
process when the Evan’s ratio fluctuate above 0.3 [3]. However, current medical studies pay
attention to inaccuracy of this method [1, 5]. It is believed that a better solution would be to
calculate the volume of hydrocephalus directly from the volumetric CT brain scans [5, 9].
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The calculation of ratio between the volume of the lesion to the volume of whole brain have
been found to be more useful than Evan’s approach and common linear measurements [6–8].

Today, ongoing research on medical image processing is only in a small extent in-
volved with the problems of hydrocephalus. Challenging task of segmentation of the brain
ventricular system has already been discussed [10–12]. However, methods for detection and
quantitative assessment of the hydrocephalus are still under development and only several
approaches have been reported [9, 13–14].

Research performed by Pustkova et. al. [9] was aimed at the segmentation and analysis
of congenital hydrocephalus on a CT and MRI images. They calculated and compared the
ventricular volumes from performed examinations before and after surgery, to find whether
the treatment process was successful. However, this method works only for single images
chosen manually by the radiologists and has a significant error in segmentation precision
(up to 10A).

Butman and Linguraru [13] considered the problem of segmentation of postoperative
communicating hydrocephalus. This disease is often recognized in patients with brain
tumors. The method was based on combination of fast marching and geodesic active con-
tour level sets. The main disadvantage of this technique is the computational overhead,
which basically negates the possibility of applying the method in everyday clinical routine.

The objective of the research performed by Ambarki, et al. [14] was to test and eva-
luate the existing automatic tool for brain segmentation and analysis called Qbrain. They
tested the application on 20 MRI datasets with indicated hydrocephalus. Qbrain can detect
and calculate the volume of the hydrocephalus from the given images. Results of the re-
search showed that this software can be used for comparison with existing measurement
methods. However, Qbrain segmentation algorithm have some imperfections, so the calcu-
lated volume is often inaccurate.

Most of presented studies are generally new. This fact indicates the growing interest in
that field. The main drawbacks of each of the abovementioned studies is that the segmenta-
tion results are often inaccurate and connected with the significant error in precision. Fur-
thermore, the developed algorithms are often too complicated, which cause unacceptable
computational overhead. For this reasons, it is significant to develop new segmentation
methods for an automatic detection and assessment of the hydrocephalus. This is also the
main problem regarded in this paper.

"���������	�	

Images used in this paper are CT examinations. Several image data sets were tested.
Every data set consisted of about 20 images of children brain. Each scan represented hori-
zontal cross-section of the brain within a certain distance from the top of the patient head.
Images had spatial resolution of 512×512 pixels, and were coded in 16-bit signed or un-
signed short values.
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Hydrocephalus is often clearly visible in CT images. This lesion can take two forms:
(i) communicating, if there is a connection between all parts of the enlarged ventricular
system and (ii) complex when one or more ventricular cysts are separated [3]. In both cases,
the disease manifests itself as a dark (low intensity values) region in the image. Figure 2
shows a comparison between CT scan of a healthy brain (Fig. 2a) and brain affected by
communicating form of hydrocephalus (Fig. 2b).
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Recent CT scanners produce images in the international DICOM format. One of the
most important features of this format is the information stored in the header of each file.
DICOM header stores information of e.g. manufacturer name, the type of scan, image di-
mensions and pixel dependencies etc. For the purposes of this research, several parameters
from DICOM header were particularly important. Table 1 shows variables from the DICOM
header used in this research, with their short description.
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The aim of this research was to segment both: hydrocephalus and brain area from CT
brain scans. For this purpose authors proposed image segmentation algorithms which can

Variable code 
(group, element) 

Variable name Description 

(0028,1052) 
Rescale  
intercept 

The value b in relationship between stored values (SV)  
and the output units. Output units = m*SV + b. 

(0028,1053) Rescale slope 
The variable m in the equation specified by rescale  
intercept (0028,1052). 

(0028,1050) Window center The variable describing the brightness of the image. 

(0028,1051) Window width The variable describing the contrast of the image. 

"7 27
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be applied for precise detection of this disease. Such detection can be useful for further
quantitative analysis of the key characteristic, like size of volume of the lesion.

Proposed methods may be the basis for further development of the system for an auto-
matic detection and analysis of this lesion. Presented method was divided into three main
stages:
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In this step, each image from the input data set was normalized to a common intensity
range. For brain segmentation pixel intensities were transformed to Hounsfield units1

(range from –1024 to about 3071). According to the DICOM specification, every pixel in
the image was scaled by the following formula:

( , ) ( , ) s ig x y f x y R R= ⋅ + (1)

where:
g(·) – output pixel intensity,
f(·) – input pixel intensity,
Rs – rescale slope (see Tab. 1),
Ri – rescale intercept (see Tab. 1),

x, y – pixel coordinates.

After scaling image intensities, with the use of other DICOM header information, such
as Window width and Window center, pixel intensities were transformed from signed to un-
signed values without quality changes. The applied formula is given by Equation (2)

min

max

for ( , )

'( , ) for ( , )

( , ) for ( , )

g g x y a

g x y g g x y b

h x y a g x y b

≤⎧
⎪= >⎨
⎪ < ≤⎩

(2)

where:

0.5 (2 )a c w= − ⋅ − (3)

0.5b c w= − ⋅ (4)

max min min
( , ) ( 0.5)

( , ) ( )
( 1) 0.5

g x y c
h x y g g g

w

− −= ⋅ − +
− +

(5)

1 http://www.wikiradiography.com/page/Hounsfield++unit
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g'(·) – input pixel intensity,

g(·) – output pixel intensity,

gmin – requested minimum output pixel intensity,

gmax – requested maximum output pixel intensity,

w – window width (see Tab. 1),

c – window center (see Tab. 1).

In case of CT images, 12 bits are sufficient to cover whole range of intensities. When
using unsigned shorts, the data is shifted so all CT intensities become positive numbers in
range from 0 to 4095 (gmin = 0, gmax = 4095). Figure 3 shows the result of preprocessing
applied to exemplary image. Specifically, Figure 3a shows the input image and Figure 3b
shows image after enhancement.
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The second step was aimed at the extraction of the whole brain. This step is necessary
for further quantitative assessment of the disease progress. Pixel transformation performed
in the previous step significantly increased contrast of the image. As a result, the skull area
together with the elements of the CT scanner tube could be easily removed by suppressing
(setting to zero) any pixel in the image that is above 95. of the maximum pixel intensity
value. Selected threshold was chosen empirically on the basis of observation of the distri-
bution of pixel intensities after their transformation. Figure 4 shows the result of skull
removal. Specifically, Figure 4a presents original image and Figure 4b shows image after
preprocessing.

"7 27
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After removal of skull and CT tube, extraction of the whole brain area was possible.
For this purpose, the 2D segmentation algorithm based on region growing was applied. This
method requires the selection of initial seed point. It was decided to locate the seed at the
center of the each cross-section as it is always contained in the brain area. The desired
region originates from the exact location of this point. Then the region grows from the seed
point to adjacent points depending on the selected threshold. Threshold value determines
the scope of permissible difference of intensity between intensity of the candidate pixel and
an average intensity of pixels already classified into the region. Figure 5 presents the overall
schema of described algorithm.
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Due to the almost complete separation of the skull from the whole brain area, the
segmentation process is simple and effective. The final results of brain segmentation from
several brain cross-sections are presented in Figure 6. Specifically, Figure 6a shows the
original (input) images and Figure 6b shows images after brain segmentation.

"7 27
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Although hydrocephalus is clearly visible in the CT images, precise segmentation of
this lesion is not a simple task. This is due to disruptions from diseases accompanied with
hydrocephalus, such as edema or hematoma. Their intensities are very similar to intensities
assigned to hydrocephalus.

It must be said that, in today’s medical imaging, there is no clear criterion or common
method to determine the precise area of the hydrocephalus. In addition, it’s hard to find
similar studies in the field of medical image processing, which were carried out already,
hence achieved results can not be reliably compared. Therefore, the accuracy of the pro-
posed segmentation algorithms can be assessed only in subjective way. For this reason, all
of the presented methods and conclusions were consulted with specialists in the field of
neurosurgery and radiology.

In our previous research, different segmentation algorithms were applied for hy-
drocephalus segmentation. Specifically, results of three popular thresholding algorithms
were compared for analysis of results provided by the regarded thresholding methods
(i.e. IsoData [16], Moments [17] and MaxEntropy [18]) the reader is referred to [19]. In this
paper only results of 3D seeded region growing algorithm are presented. Obtained results
were used for subjective verification of correctness of the 3D segmentation algorithm
developed for the purposes of this research. Before main segmentation, median filter was
applied to smooth contours of hydrocephalus. 3D segmentation algorithm, used in this step,
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was similar to the one described in Section 4.2. The only change is that the user must ma-
nually indicate the seed point located inside the desired region. Starting from the indicated
seed, the consecutive voxels are joined to the desired area. In this case, the threshold was
also constant. The best results were obtained with the threshold value set at 0.3. Figure 7
presents results of 3D segmentation. The corresponding original images are shown in Fi-
gure 6a.
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Results of testing the developed 3D segmentation algorithm on several datasets shows
that this algorithm gives subjectively better results than the traditional thresholding
methods (see results in [19]). Due to the fact that this method has more potential for future
development, this observation is considered satisfactory. However, the method in small
extent is prone to leakages into areas not affected by the disease. This flaw occurs due to the
side effects associated with hydrocephalus, that were mentioned earlier. Furthermore, it
must be said that the leakage effect may often be caused by the low quality of the images
from the datasets.

Segmentation results with indicated leakage effect may generate a mathematical error
in further linear or volumetric measurements. The scope of the permissible error must be
observed in medical practice and determined by the radiologists.

(�������������

Paper presents results of applying image segmentation methods for the extraction of
the brain area affected by the hydrocephalus. For this purpose, several thresholding algo-
rithms were compared with the results of three-dimensional segmentation method based on
region growing approach. For further quantitative assessment of the disease, the developed
algorithm also involves obtaining the whole brain area.

Obtained results were positively reviewed by the specialists in the field of radiology
and neurosurgery. Presented solution may be the basis for a system for an automatic de-
tection and analysis of the hydrocephalus. Proposed methods are sufficient for an overall
assessment of the progress of the disease. Obtained segmentation results allow to perform
both linear (e.g. Evan’s ratio) and volumetric measurements.
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However, there are few requirements, when such measurements can be reliably com-
pared. Firstly, the image datasets should be taken from the same device. Secondly, every
examinations should be performed with the same settings of the device, number of taken
images and position of the patient. Finally, the time difference between compared examina-
tions should be low (ex. before and after surgery), because the children’s brain is growing
consequently.

The developed 3D segmentation algorithm based on region growing approach offers
greater modification opportunities than traditional thresholding methods. Therefore, further
research will be aimed at improving 3D segmentation algorithm by the development of
pixel classification model combined with edge detection and interpolation. Accurate seg-
mentation results will be used to calculate the approximate volume of the lesion and the
volume of the whole brain by counting the number of pixels classified to each considered
area. Such calculations can be compared and verified with measurements taken with com-
monly used linear assessment methods.
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