PROSTATE ULTRASOUND IMAGES PROCESSING

Daniela Crivianu-Gaita 1 , Fl. Miclea 2 , A. Gaspar 3 , St. Holban 4 , G. Muntean 4

1 - Dept. of Computer, CountyHospital of Timisoara, Romania

2 - UrologyClinic, Universityof Medicine and P harmacyTimisoara, Romania

3 - Soft-nrg Company, Timisoara, Romania

4 - Dept. of Computer Science, The Technical University, Timisoara, Romania

E-mail: crivianu@mail.dnttm.ro

Abstract . The purpose of this paper is to present a software package for the handling and management of prostate transabdominal ultrasound images. The software package can be used to detect men’s prostate in transabdominal ultrasound images, to build a 3D model for the detected object, to represent the

3D model obtained, to calculate prostate’s volume and to classifythe prostate transabdominal ultrasound images acquired. The software systemcan be used in hos pitals which do not have either CAT scanners or NMR/MRI equipment (the majorityof Romanian hos pi tals). It provides these hospitals with a tool en a bling a more accurate diagnosis, which in turn improves the ef fici encyof the hospital, saves money, and has a profound psychological benefit on the well-being of the p a tient.

Keyw ords : ultrasound, prostate, 3D reconstruction, classification.

1 Introduction

It is known that in the gastrointestinal and genitourinarysystems, the image processing has mostlybeen f o cused on computed tomographyimages or magnetic resonance images [1], three-dimensional ultrasound imaging being still in a research phase [1].

T his is due both to technical problems of data acquisition, and theoretical and practical problems of howto render the complex information co n tained in ultrasound data onto a display[2].

We developed and implemented a software package which is dealing with prostate transabdominal ultrasound images. T he software package allows to acquire images froma 3.5 MHz ultrasound equipment for different incidences, to filter the images, to detect the prostate in the 2D images acquired, to build the 3D model of the prostate, to represent the 3D model in different ways, to compute its volume. Also the software presents information about an image, information which can be used to classifythe image in one of the following classes: normal and pathologic. For pathological images a second classification will be made, trying to differentiate between benign and malignant lesions.

Fig. 1. Histogramof a prostate transabdominal ultrasound image.

2 Medical Preliminaries

Diseases of the prostate gland are common in adult and elderlymen, and primarycare

physicians as well as urologists are frequentlyconsulted for treatment of prostate

problems [3]. Correct diagnosis of a prostate disorder cannot be made solelyby

assessing symptoms, however, as the symptoms of the most common disorders -

prostatitis, benign prostatic hyperplasia (BHP), and prostatic adenocarcinoma - are

similar and include both irritative and obstructive voiding problems [4]. Because of

this, the most important task of the physicians is the earlydetection of prostate cancer.

Evaluation of prostate volume is veryimportant in the diagnosis of prostatic

cancer [5]. Also, for the patients with benign prostate hyperplasia, the selection of an

operative procedure is influenced bythe size of the prostate as estimated

preoperatively. So it is necessaryto compute the prostate´s volume with an error as

small as possible.

3 Technical Preliminaries

Prostate size is reliablymeasured using ultrasound - either suprapubic, transurethral,

or transrectal - and ultrasound is the imaging of choice in most men with BPH [6]. T he

role of ultrasound is further enhanced byits relativelylowcost and its lack of side

effects, such as contrast reactions and radiation exposure. In the case of Urology

Clinic of the CountyHospital of T imisoara onlythe transabdominal evaluation of the

prostate volume can be used. Since this method is characterised bylack of precision -

as it was demonstrated bydifferent studies, including our studies [7] - we developed

different image processing algorithms in order to estimate prostate size [7] and the

efficiencyof bladder emptying [8], and also in order to evaluate the upper tracts and

exclude cancer.

Like the majorityof studies on ultrasound image processing [6], [9], we first

established the characteristics of prostate ultrasound images. We started analysing the

histograms of a large test-set of ultrasound images (fig. 1). T he conclusions [7] show

that image thresholding could not be used to detect the prostate.

It is known that the common approach for localising edges in images is to

associate themwith the zero crossing of the second derivative of a smoothed version

of the image [10]. But we found that these operators did not deliver a closed contour

of the prostate’s image.

4 3D reconstruction of prostate

We have developed and implemented two methods for the 3D reconstruction of the

prostate.

T he first method allows to detect the contour of the prostate using an original

algorithm[7]. T he prostate is then e x tracted fromthe image bya region-growing

algorithm. T he central point of the prostate is used afterwards as the reference point in

the criterion of acceptance used, and it is also used in the algorithmof region-growing,

as the starting point.

In general, in order to performa 3D reconstruction of medical images it is

necessaryto obtain several images frompredetermined positions [1] or to use

continuous data a c quisition [11]. For the UrologyClinic of the CountyHospital of

T imisoara it was impossible to applysuch methods. So, we designed a method of 3D

reconstruction of the objects using 2 orthogonal sections: one is the transversal

incidence and the other is the sagittal inc i dence.

In the second method proposed [8], we used the circular filter, the greylevel

selection and an algorithmfor eliminating the multiple points. We obtained then a set

of "depth curves" which describes the 3D image of the prostate.

T he next step was to represent the 3D model of the prostate. If the efforts are

focused to the clinical usefulness of the application (choosing the method of resolving

prostate adenoma) it is possible to select a depth algorithmin order to present the 3D

object [7]. If the physician needs precious information about the shape of the prostate

(especiallyin the case of prostatic cancer), he can choose the wireframe representation

(fig. 2) [8]. T he 3D representation of the prostate can be rotated bythe user, being

possible to showthe asymmetrical regions of the prostate.

Fig. 2. The wireframe representation of 3D prostate’s model.

5 Automatic classification of prostate ultr a sound images

It is known that the success of an automatic classification systemdepends on careful

selection of the disease and images. T hat is the reason whyall the images were

acquired fromthe same ultrasound equipment (an Alloka 3.5 MHz) and the

examinations were performed bythe same experienced sonographers. It was

demonstrated that even with these restrictions, it is possible to use artificial neural

networks to aid the diagnostic process [12].

At the beginning 60 patients with well defined diagnoses were investigated

byultrasound examination. 20 patients had normal prostate, 20 had benign prostate

hyperplasia and 20 presented cancer tumours. For each patient two significant

transabdominal ultrasound images were acquired: one fromthe sagittal incidence and

the other fromthe transversal incidence.

Each original image was transformed into a 640x480 bitmap arrayquantified

on 256 greylevels. Using the mouse the user has to specifya rectangular region for

clipping. T he chosen region (containing the prostate) is clipped and a new, smaller

bitmap is created, a bitmap which will be the source for the next processing stages.

In order to remove noise, the next step was the filte ring of the reduced image.

We have tried different types of filters, finallychoosing the circular filter [8], which

non-uniformlyilluminates the chosen region (the prostate).

In the papers dedicated to this field of automatic classification of images ,

there are several approaches. It is possible to select several training areas from

identifiable malignant tissue in the data set [13]. Also it is possible to reduce the

image to a set of vectors where each member of the set contains information about some salient attributes of the image. T he neural network then will take these vectors

and learn to map each one into an output which corresponds to a classification [12].

T he main problemremains the choosing of significant parameters which will

forma training pattern for the neural network. T hese parameters can be obtained from

a histogramand fromtexture analysis of the image [14] or it is possible to use edge

detection and area computations to produce the set of vectors.

Since in the prostate pathology it is known that there are three factors which

are relevant in diagnosis (prostate volume, obstruction factor, and irritative factor), we

combined the features extracted fromimages and clinical signs. So we analysed the

images for the 60 studied patients, trying to extract the features which are relevant for

the three finallyclasses: normal, benign, and malignant. During this analysis, several

image-processing parameters (like uniformity, contrast, inverse differential moment,

entropy, correlation) were calculated. We used histograms, texture analysis, prostate

volume, and international prostatic symptoms score (IPSS).

6 Conclusions

T his paper described a software package which can be used to obtain a 3D

representation of prostate fromtransabdominal ultrasound images and also to obtain

an automated classification of transabdominal ultrasound prostate images. With the

help of image processing, tissue characterisation was performed to predict the

probabilityof the presence of malignant prostate tumours. T he software system

developed has proved its usefulness especiallyin earlydetection of prostate cancer.

T he programwas written in C++ (Borland implementation) and data

processing was performed on a Pentium166 MHz computer. T he application was

implemented and it is used in the present in the UrologyClinic of T imisoara.

Our studyproved that it is not always necessaryto use advanced

mathematical techniques or sophisticated hardware equipment in order to obtain good

results in increasing the qualityof medical process.

It is known that the most suitable imaging modalityfor studying prostate

tumours is transrectal ultrasonography. But there are several hospital which do not

have such equipment and primarycare physicians, who have often to solve prostate

problems, do not have all transrectal ultrasound equipment. At the same time,

transrectal ultrasonographydoes have some drawbacks, including cost, inabilityto

detect cancer in the transition zone or in those area that appear isoechoic, and with

high sensitivityor lowspecificityfor hyperechoic areas.

In this way, a software systemfor automatic classification of transabdominal

ultrasound prostate images, can be a useful alternative to transrectal ultrasonography.

References

1. Zonneveld FW, Fukata K: A Decade of Clinical Three-Dimensional Imaging: A review.

P art 2: Clin i cal Applic a tions. Yearbook of Medical Informatics, 386-401, 1995.

2. Gardner JE et al.: Techniques for 3D Volume Imaging with Ultrasound. In CAR’91

P roceedings of the International Symposium(Eds: HU Lemke), Springer-Verlag, Berlin,

837, 1991.

3. P arkin DM, Stjenward J, Muir CS: Estimates of the worldwide frequencyof twelve major

cancers. Bull. WHO, 62:163-182, 1984.

4. Ware JL: P rostate cancer progression. Implications of histopathology. Amer. J. P ath.,

145: 983-990, 1994.

5. GrahamSD Jr. - Editor: Urologic Oncology. Raven P ress, New York, 1986.

6. De la Rosette J et al.: Automated Analysis and Interpretation of Transrectal

UltrasonographyI m ages in P atients with P rostatitis. European Urology(Eds: CC

Schulmam), Karger, 47-53, January1995.

7. Crivianu-Gaita D et al: 3D reconstruction of prostate fromultrasound images.

International Journal of Medical Informatics, 45:43-51, June 1997.

8. Crivianu-Gaita D et al: 3D reconstruction of objects fromultrasound images: possibilities

and limits. Conference P roceedings of HC’97 (Current P erspectives in Healthcare

Computing) (Eds: Richards B), Weybridge: BJHC, 149-156, 1997.

9. Kratzik C. et al.: Texture Analysis - A New Method of Differentiating P rostatic Carcinoma

fromP rostatic Hypertr o phie . Urological Research, Springer, 395-397, 1988.

10. Huttunen O. et al.: Segmentation Systemfor Medical Images. CAR’91 P roceedings of the

Intern a tional Symposium(Eds: HU Lemke), Springer-Verlag, Berlin, 612-617, 1991.

11. Englmeier K-H et al.: Segmentation and Three dimensional Visualisation of Spiral-CT-

Scans of the A b domen. MIE’94 P roceedings (Eds: P Barahona), 585-589, 1994.

12. Buller D, Buller A, Innocent P R, P awlak W: Determining and Classifying the region of

interest in ultrasound images of the breast using neural networks. Artificial Intelligence in

Medicine, 8(1): 53-66, 1996.

13. Hanka R, Harte TP , Dixon AK, Lomas DJ, Britton P D: Neural networks in the

interpretation of contrast-enhanced magnetic resonance images of the breast. Conference

P roceedings of HC’96 (Current P erspectives in Health Computing) (Eds: Richards B),

Weybridge: BJHC, 275-283, 1996.

14. Cavouras D, Kandarakis I, Theotokas I et al: Computer Image Analysis of Ultrasound

Images for discriminating and Grading Liver P arenchyma Disease Employing a

Hierarchical Decision Tree Scheme and the Multilayer P erceptron Neural Network

Classifier. Conference P roceedings of MIE’97 (Eds: P appas C, Maglaveras N, Scherrer

JR), IOS P ress, 522-526, 1997.