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Space-occupying lesions represent a health high risk of sub-
jects affected by this kind of pathology. From a medical point
of view, the volume occupied by each of these lesions con-
stitutes the most important descriptor when addressing them,
and especially for the respective decision-making process
that guides their control, mitigation or elimination. In such
context, this paper proposes a strategy based on comput-
er-aided image processing techniques to extract the three-
dimensional morphology of a space-occupying lesion, of the
amoebic liver abscess type, and calculate its volume. In this
sense, in order to attenuate poissonian noise and improve
the abscess edge information, the abdominal contrast com-
puted tomography images are preprocessed using a Gauss-
ian filter, an edge detector and a median filter, sequentially.
Then, a clustering algorithm based on region growing proce-
dure is applied to the enhanced images, obtaining the space-
occupying lesion three-dimensional shape. Additionally, the
Dice coefficient is considered as a metric to establish the
correlation between the shapes, automatic and manual le-
sion, the latter described by a mastologist. Then, in order to
characterize the liver abscess, its volume is quantified con-
sidering both the voxels occupied by the lesion obtained by
applying of the computer-aided image processing, and the
physical dimensions of the voxel. Finally, the automatically
calculated volume is compared to that generated manually
by the medical specialist. The results reveal an excellent cor-
respondence between manual results and those produced by
the proposed technique. This type of technique can be used
as a resource not only to obtain, precisely, the value of the
aforementioned descriptor, but also to monitor the process of
the abscess evolution by means imaging control.
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Las lesiones que ocupan espacio representan un alto riesgo
para la salud de los sujetos afectados por este tipo de pato-
logia. Desde el punto de vista médico, el volumen ocupado
por cada una de estas lesiones constituye el descriptor mas
importante al abordarlas, y especialmente para el respectivo
proceso de toma de decisiones que guia su control, mitiga-
cion o eliminacion. En este contexto, este articulo propone
una estrategia basada en técnicas de procesamiento de ima-
genes asistidas por computadora para extraer la morfologia
tridimensional de una lesiéon que ocupa espacio, del tipo de
absceso hepatico amebiano, y calcular su volumen. En este
sentido, para atenuar el ruido poissoniano y mejorar la infor-
macion del borde del absceso, las imagenes de tomografia
computarizada de contraste abdominal se preprocesan utili-
zando un filtro gaussiano, un detector de borde y un filtro de
mediana, secuencialmente. Luego, se aplica un algoritmo de
agrupamiento basado en el procedimiento de crecimiento de
regiones a las imagenes mejoradas, obteniendo la forma tri-
dimensional de la lesion que ocupa espacio. Ademas, el coe-
ficiente Dice se considera como una métrica para establecer
la correlacion entre las formas, lesion automatica y manual,
la dltima descrita por un mastélogo. Luego, para caracterizar
el absceso hepatico, su volumen se cuantifica considerando
tanto los voxeles ocupados por la lesién obtenida mediante la
aplicacion del procesamiento de imagenes asistido por com-
putadora, como las dimensiones fisicas del voxel. Finalmen-
te, el volumen calculado automaticamente se compara con el
generado manualmente por el médico especialista. Los re-
sultados revelan una excelente correspondencia entre los re-
sultados manuales y los producidos por la técnica propuesta.
Este tipo de técnica puede usarse como un recurso no solo
para obtener, precisamente, el valor del descriptor mencio-
nado anteriormente, sino también para monitorear el proceso
de evolucion del absceso mediante el control de imagenes.

Palabras clave: Tomografia computarizada, lesion que ocu-
pa espacio, filtrado de imagenes; técnicas de agrupamiento;
coeficiente de Dice.



Introduction

Space-occupying lesions are pathological structures that
have a recognizable volume and that can affect nearby struc-
tures. Such lesions can form a mass or deformities at the
level of the organs of the abdominal cavity that can be tumor
and non-tumor. The space-occupying lesions of the abdomi-
nal cavity comprise two groups, namely non-neoplastic and
neoplastic. Abscesses are of the non-neoplastic infectious
type, meanwhile, the hematomas, suture granuloma, endo-
metriosis and endometriomas, nodular fasciitis, and intra-ab-
dominal sclerosing mesenteritis are space-occupying lesions
non-neoplastic non-infectious. Neoplastic space-occupying
lesions include lipomas, vascular tumors, leiomyomas, neu-
rofibromas and schwanomas, fibromas and benign fibrous
histiocytoma, benign pigmented lesions, solitary fibrous tu-
mor, granular cell tumors, myofibroblastic tumor, fibromatosis
and desmoid tumor, myoepithelial carcinoma, adenocarci-
noma, soft tissue sarcomas, melanomas, and lymphomas'.

Currently, in clinical routine, the imaging exploration of the
organs in the abdominal cavity for disease assessment, pre-
operative diagnosis, planning and control is preferably per-
formed using computed tomography (CT) imaging®*. The
quantification of a space-occupying lesion from the detection
of its three-dimensional shape, as well as the determination
of important clinical descriptors such as the volume occupied
by the lesion, is possible with this three-dimensional imaging
modality. For the space-occupying lesion of non-neoplastic
infectious kind, such as the abscess, the volume measured is
an important factor in making surgical decisions involving the
percutaneous transorgan drainage.

In the process of quantifying space-occupying lesion in the
abdominal cavity from contrast-enhanced CT images, the
first task is detecting the shape of the pathetegicat-lesion.
Then, the volume of the structure can be computed®. In the
field of computer science, specifically in the discipline of digi-
tal image processing, the process of detection object struc-
ture into three-dimensional images is called segmentation®.
Various procedures have been proposed in the literature for
the segmentation of morphopathology of different structures
present in the explored abdominal cavity using CT imag-
ing”®. In this sense, in the present work a procedure for the
automatic quantification of a space-occupying lesion from
abdominal contrast-enhanced computerized tomography im-
ages is proposed.

Materials and Methods

Data Source

In this work, a database acquired using contrast multi-slice
CT supported by a General Electric LightSpeed VCT Iris
medical image system is considered. The three-dimension-
al image is quantified at 12 bits with a whole dimension of
512’512°76 image elements, which have a spatial size of
0.548828°0.548828'2.49998 mm. Figure 1 shows the sagit-
tal, axial and coronal views of abdominal contrast CT image.

Figure 1. Computerized tomography with contrast of abdomen.
The sagittal, axial and coronal views.

Image filters pipeline

Gaussian Filter

This linear filter is an image smoothing filter, whose applica-
tion generates a blur effect on the edges of the original data.
Being a linear filter, its computational implementation can be
performed using a convolution process. In this sense, the dis-
crete Gaussian distribution defined in the three-dimensional
space by standard deviations at each dimension (s, s, s,) is
used to construct the convolution kernel required in the con-
volution process'. The filter algorithm then requires two pa-
rameters, namely, kernel size and standard deviations, both
of which are three-dimensional arrays.

Median Filter

Meanwhile, this is a non-linear filter used to attenuate noise
in the image. Each three-dimensional image element (voxel)
located at the neighborhood center is located at the same
location and replaced by the median of the elements in such
neighborhood. The median is calculated sorting the intensi-
ties of the original image into the neighborhood and select-
ing the intensity located at the middle of the sorted array''. A
single parameter related to the neighborhood size is required
for the computational implementation of the median filter.

Gradient Magnitude Filter

With the idea to obtain a precise representation of the edges
of the multiple structures contained in the abdominal image,
a simple gradient magnitude operator is incorporated into the
pipeline filter. The computational implementation considers a
numerical finite difference scheme to estimate the gradient
magnitude at each three-dimensional image element'2.

Clustering Algorithm

Algorithm Initialization

The clustering algorithm requires the definition of a seed
voxel for its operatively. In order to locate this seed image
element, a procedure previously reported is used'. In this
sense, a least square support vector machine'™ (LSSVM) is
developed using a MatLab toolbox called LS-SVMIab v1.8
(Available from: https://www.esat.kuleuven.be/stadius/Issvm-
lab/). The hyperparameters that control the LSSVM perfor-
mance (g and s2) are tuning by cross-validation®.

Region Growing Procedure

From the seed voxel, a region grows clustering the neigh-
borhood voxels that fulfill the following uniformity criterion: if
the difference in between the intensity of a voxel into neigh-
borhood and the mean value of intensities of voxels into
neighborhood is within a range defined by the product of a
multiplier (positive constant) and the standard deviation (+)




of the image intensities into neighborhood. The parameters
that control the performance of the clustering algorithm corre-
spond with the multiplier and the neighborhood size, and they
are also tuned by means of cross validation'®.

Dice Coefficient

In three-dimensional image processing, the Dice coefficient
being a statistic used to compare the similarity of two objects.
This statistic allows quantifying the degree of overlapping be-
tween two volumes. The coefficient expresses the probability
that a part of one object is in the other object, quantified as
the ratio of the number of matching parts between the two
objects and the total number of objects’®.

The Dice coefficient is considered in quantifying the differ-
ences between the shape of the hepatic lesion identified with
the computational approach and the shape described by the
specialist. The statistic is incorporated both the process of
tuning the optimal parameters of the image processing tech-
niques as the validation of the shape finally detected.

The image of the computerized tomography with contrast of
abdomen considered in the current work is initially processed
by the filters pipeline. In this sense, a Gaussian filter with a
kernel size 3°3"3 of and standard deviation equal to the stan-
dard deviation of the original image is first applied. The filter
kernel size is chosen with the criterion of the minimum valid
three-dimensional size and the standard deviation with an
isotropic approach (s, s, s,) = (2, 2, 2). The results obtained
for applying this smoothing filter are shows in Figure 2.

Figure 2. Gaussian filter results. The sagittal, axial and
coronal views.

The second filter into pipeline corresponds with a gradient
magnitude operator, which is computationally implemented
using an approach based on finite differences. The linearity
and separability properties of this filter are exploited for its
implementation, thus, the filter output is obtained convolving
the Gauss filter image with the finite difference kernel given
by [-1, 0, 1]. Figure 3 shows the CT image after applying of
second filter considered into the pipeline.

Figure 3. Results of the gradient magnitude filter. The
sagittal, axial and coronal views.

The filter pipeline output is obtained applying a median filter
to the results of the two previously filters considered in the
filtering sequence. The median filter is implemented consid-
ering the concept of statistical median'"'; therefore, it has
a single tuning parameter called median neighborhood size.
Initially, an isotropic approach of odd values of possible val-
ues of the median neighborhood size is assumed, namely
(83'8'3), (5'5'5), (7'7'7), (9°99) and (11"11711). The optimal
value of the median neighborhood size is tuned by means
of cross validation, selecting as optimal size that yielded
the maximum Dice Coefficient of space-occupying lesion
obtained after running the clustering algorithm, in this case
(5'5°5).

Figure 4 Filters pipeline output. The sagittal, axial and
coronal views.

Once preprocessed the CT image, the seed voxel must be
established. This procedure requires that the hyperparam-
eters that control the performance of the LSSVM are tuned.
Using also the cross validation, and considering as a metric
the Euclidean distance between the centroid of the reference
image (selected by the clinical expert) and the centroids of
the validation images constituted by the images from the
database, located between the equator and the base of the
liver. Table 1 shows the ranges considered for the hyperpa-
rameters in the cross validation, the step sizes with which
such hyperparameters are varied and the optimal values ob-
tained. Figure 5 shows the location of the seed image ele-
ment obtained.

Table 1. Optimal values of LSSVM hyperparameters.

g s?
Range (0,100] [0,50]
Step size 0.25 0.25
Optimal value 9.5 1.25

Figure 5. Location of seed voxel. The sagittal, axial
and coronal views.

The parameters that control the performance of the region
growing technique are tuned by means of cross validation,
considering the values shown in Table 2, and selecting as
optimal parameters those parameters that yielded the maxi-
mum Dice Coefficient. The results of the clustering are shown
in Figure 6.

Table 2. Optimal values of clustering algorithm parameters.

Neighborhood size Multiplier
Range (0,20] [0,10]
Step size 1 0.1
Optimal value 1 3.60




Figure 6. Results of clustering algorithm. The sagittal, axial and
coronal views.
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Figure 7 shows the three-dimensional space-occupying le-
sion detected in the contrast computerized tomography of the
abdomen and that clinically corresponds with an amebic liver
abscess.

Figure 7. Three-dimensional views of the amebic liver abscess
detecting form contrast CT of abdomen.

Finally, from the three-dimensional spatial information ob-
tained that morphologically described the space-occupying
lesion in the liver; the volume of the hepatic abscess is quan-
tified obtaining a measured value of 39.04 mL.

Conclusions

The research performed allowed the development of a com-
putational approach that allows the space-occupying lesion
to be quantified automatically, in contrast-enhanced com-
puted tomography images acquired from a patient with liver
abscess.

The filtering pipeline composed by three images filters,
namely, a Gaussian filter, a border detector and a median
filter, allowed to attenuate the CT images poissonian noise
and enhancing rim of the liver abscess. Likewise, the pro-
cedure used for the analysis and selection of the region of
interest in the enhanced CT images, and that allows discrimi-
nating, what image spacial spatial information belongs or not
to pathological abdominal lesion, is based on region growing
clustering technique.

The space-occupying lesion shape obtained using the clus-
tering procedure is validated by means of the comparison
with the manually reproduced shape by a specialist. Then,
the validated shape is used to quantify the volume, which is
considered as a clinical parameters useful to characterize the
liver lesion.

Referencias

1.

Machadoa, ., Cruza, J., Laverniab, J., Carbonellc, F. Space-occupy-
ing lesions of the abdominal wall (not associated with hernia). The
pathologist’s view. Revista Hispanoamericana de Hernia. 3(3): 85-
94, 2015.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Muller, M.A., Marincek, B., Frauenfelder, |. State of the art 3-D imag-
ing of abdominal organs. JBR-BTR, 90: 467-474, 2007.

Shevchenko, N., Seidl, B., Schwaiger, J., Markert, M., Lueth, T.C.
MiMed liver: A planning system for liver surgery. Annual International
Conference of the IEEE Engineering in Medicine and Biology. 1882-
1885, 2010.

Schiavon, L., Tyng, C., Travesso, D., Rocha, R., Schiavon, A., Biten-
court, A. Computed tomography-guided percutaneous biopsy of ab-
dominal lesions: indications, techniques, results, and complications.
Radiologia brasileira. 2018; 51(3): 141-146.

Ratib, O. Quantitative analysis of cardiac function, in: Bankman, I.
(Ed.), Handbook of Medical Imaging: Processing and Analysis. San
Diego: Academic Press, 2000:359—-374.

Rangayyan, R. Biomedical Image Analysis. CRC Press, 2004.

Gonzalez, R., Woods, R. Digital Image Processing. México: Prentice
Hall, 2008.

Okada, T., Shimada, R., Hori, M., Nakamoto, M., Chen, Y., Nakamu-
ra, H., Sato, Y. Automated segmentation of the liver from 3-D CT im-
ages using probabilistic atlas and multilevel statistical shape model.
Academic Radiology. 15(11): 1390—-1403, 2008.

Massoptier, L., Casciaro, S. A new fully automatic and robust algo-
rithm for fast segmentation of liver tissue and tumors from CT scans.
Eur. Radiol. 18(8): 1658-1665, 2008.

Linguraru, G., Richbourg, W., Liu, J., Watt, J., Pamulapati, V. Wang,
S., Summers, R. Tumor burden analysis on computed tomography
by automated liver and tumor segmentation. IEEE Transactions on
Medical Imaging. 31(10): 1965-1976, 2012.

Pauwels, E., Frederix, G. Finding salient regions in images: Non—
parametric clustering for image segmentation and grouping. Com-
puter Vision and Image Understanding. 1999; 18(1-2): 73-85, spe-
cial issue.

Yin, L., Yang, R., Gabbouj, M., Neuvo, Y. Weighted median filters: a
tutorial. IEEE Transactions on Circuits and Systems II: Analog and
Digital Signal Processing. 1996; 43(3): 157-192.

Sapiro, G. Geometric partial differential equations and image analy-
sis. UK: Cambridge University Press, 2001.

Vera, M., Martinez, L., Huérfano, Y., Molina, V., Vargas, S., Vera,
M.l, Salazar, W., Rodriguez, J., Rodriguez, R., Chacén, G., Isaza, A.,
Saenz, F., Gelvez, E., Salazar, J., Automatic segmentation of subdural
hematomas using a computational technique based on smart opera-
tors. Global Medical Engineering Physics Exchanges/Pan American
Health Care Exchanges (GMEPE/PAHCE), Porto: IEEE. 2018 Avail-
able from: https://www.researchgate.net/publication/326151751_Au-
tomatic_segmentation_of_subdural_hematomas_using_a_computa-
tional_technique_based_on_smart_operators

Suykens, J., Van Gestel, T., De Brabanter, J., De Moor, B., Vande-
walle. J. Least squares support vector machines. UK: World Scien-
tific Publishing Co, 2002.

Zhu, H., Rohwer, R. No free lunch for cross-validation. Neural Com-
putation, 8(7):1421-1426, 1996.

Dice, L. Measures of the amount of ecologic association between
species. Ecology. 26: 297-302, 1945.

Pratt, W. Digital Image Processing. USA: John Wiley & Sons Inc,
2007.

Fischer, M., Paredes, J., Arce, G. Image sharpeners using permuta-
tion weighted median filters, en EUROSIP, Tampere, Finland, 2010:
299-303.




