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Abstract: 

The objective of this research is to make reliable estimation of pleural effusion volume in CT 

imaging using digital image processing algorithms. In order to make reliable estimation we need 

to do the manual and automatic segmentation of CT images and to perform the comparison of 

automatic and manual segmentation for the quantification of pleural effusion on CT images 

which provides help in the diagnosis of the pleural disease. Pleural effusion is the collection of 

excess fluid in the pleural cavity. Excessive amount of fluid can impair breathing by limiting 

the expansion of lungs. Heart failure, cancer, cirrhosis, pneumonia, tuberculosis and many 

other are the causes of pleural effusion. A number of noninvasive imaging techniques such as 

radiography, ultrasound and computed tomography (CT) can detect the pleural effusion. The 

problem faced is the quantification of pleural effusion volume for the purpose of diagnosis of 

the pleural disease. The objective of this research is to make reliable estimation of pleural 

effusion volume in CT imaging using digital image processing algorithm. In order to make 

reliable estimation we need to do the manual and automatic segmentation of CT images and to 

perform the comparison of automatic and manual segmentation for the quantification of pleural 

effusion on CT images which provides help in diagnosis of the pleural disease. The results 

obtained by both the aforementioned techniques indicate that the manual segmentation is better 

because automated technique has less number of pixels. 
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1. Introduction

In humans and in many other animals, the main organs of the respiratory system are lungs. Each 

lung is surrounded by the two pulmonary pleurae (known as visceral and parietal) in which there 

is thin fluid filled space called pleural cavity [1]. The collection of excess fluid in the pleural cavity 

is called Pleural effusion. Excessive amount of fluid can impair breathing by limiting the expansion 

of lungs [2]. Heart failure, cancer, cirrhosis, pneumonia, tuberculosis and many other are the causes 

of pleural effusion [3]. A number of noninvasive imaging techniques such as radiography, 

ultrasound and computed tomography (CT) can detect the pleural effusion [4]. CT scan or 

computerized axial tomography (CAT) has performed a vital role in diagnostic and therapeutic 
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purposes because it produces cross-sectional images by using computer processing of particular 

areas from different angles of the body [5]. The problem faced is the quantification of pleural 

effusion volume for the purpose of diagnosis of the pleural disease. The research carried out in this 

thesis is based on the manual and automatic segmentation of pleural effusion on CT images and 

then performs the comparison by receiver operating characteristic curve (ROC). Mathew et al [8] 

proposed the simplest method for estimating the size of the pleural effusions on CT scans with the 

three point scale rule. The rule demonstrates the (small, medium and large) anterior posterior 

quartile and maximum anterior posterior quartile of the pleural effusions. There are several 

limitations first, the sample size was very small. Secondly, the pleural effusion cases were not 

taken randomly. Third, the separations for sizes were chosen as small, medium and large. Fourth, 

the patients of pleural effusions with bilateral side were included. Lastly, the measurements of CT 

scan were not confirmed with the basic radiographs grading systems. Yao et al [9] proposed 

computer aided automatic program designed for the estimation of the pleural effusions size. It is 

highly correlated with the radiologist grading. There are several limitations in the proposed 

program, the program is applied on 2D slice for segmentation, therefore the continuation of the 

pleural space between slices was difficult to maintain. Another limitation was the images used for 

the experiment were all having the drained plural fluid several months before, therefore the 

accuracy of the program did not verified. Jianhua Yao et al [10] proposed the program is designed 

for the quantification of the pleural effusion by completely automatic segmentation. The program 

runs in the background when patient go through the CT scanning processing and the volume of 

pleural effusion is calculated for the diagnosis of the disease. However, the proposed automatic 

segmentation program gives the best results when pleural effusions have specific shape and large 

pleural effusions. For measurement of loculated effusions the method cannot be used. 

 

2. Materials and Methods 

 
As the research problem is the quantification of pleural effusion on CT images. In order to meet 

with our objective the methodology was discussed in the following steps; first, the manual 

segmentation of the CT images was done with the GNU Image Manipulation Program (GIMP) 

software after that the manually segmented images are processed in MATLAB to plot the 

histogram and probability density function (PDF) of data in order to compute the mean and 

standard values. In second step, automatic segmentation of same CT images was performed by 

implementing region growing image processing algorithm. In addition, the morphological filter is 

applied on automatic segmentation images for the better results. In the last step, the comparison 

between the results obtained by manual segmentation and automatic segmentation is performed. 

Furthermore, the result obtained by applying morphological filter on automatic segmentation is 

also compared with manually segmented images. In both the cases, the comparison was made by 

using the receiver operating characteristic curve (ROC) in MATLAB. 

 

3. Results and Discussion  

 
In this study the results of comparison of the manual and automatic segmentation are discussed, 

which is computed with the help of MATLAB codes by using ROC. As there are three cases of 

pleural effusion. The case 1 consist of 40 scanned CT images, the comparison of manual and 

automatic segmented images with the ROC. The true positive values are greater than the false 

positives and false negative values. It means the reliable estimation of pleural effusion space is 
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segmented automatically by region growing algorithm. The accuracy of the compared images is 

0.99, it seems better but it is not good because from the definition of accuracy it is the ratio of true 

positives and true negative values so, in the table you can see that the true negative values are 

greater than the true positive values, the precision of images is varying because it depends upon 

the true positive and false positive values, F1 score and MCC results have greater than 0.5 values, 

and it also shows the reliable comparison results. Table.1 

 
Table 1: Comparison Result of Manual and Automatic Segmentation of Case 1 
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Histogram of accuracy of case 1, which is computed from the comparison. In which you can see 

that 0.991 is accuracy of 9 compared images, 0.992 is accuracy of 8 compared images and 0.993 

is accuracy of 5 compared images and so, on. Figure 1. 

 

 
Figure 1: Histogram of Accuracy of Case 1 

 

The case 2 consist of 28 scanned CT images, the comparison of manual and automatic segmented 

images is shown in Table 5.2. As you can see in the table that some images have true positive 

values are less than the false positive values like in S.no 2, 7, 21 this is because of our automated 

segmentation image is not much have pleural effusion data as compared to the manual one. The 

accuracy ratio of the data is 0.99, same problem as discussed earlier in table 5.1 but the precision, 

F1 score and MCC are varying and some have below 0.5 values because of less difference in the 

true positive and false positive values. Table.2 

 
Table 2: Comparison Result of Manual and Automatic Segmentation of Case 2 
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histogram of accuracy of case 2, which is computed from the comparison table 5.2. In which you 

can see that between 0.997-0.998 is accuracy of 6 compared images, and between 0.993 -0.994 is 

accuracy of 4 compared images and 0.99 is accuracy of 3 compared images and so, on. Figure 2. 

 

 
Figure 2: Histogram of Accuracy of Case 2 

 
The case 3 consist of 23 scanned CT images, the comparison of manual and automatic segmented 

images is shown in Table 5.2. As you can see in the table that true positive values are greater than 

the false positive values but mostly are lesser than the false negative. This is because of automated 

segmentation, which is not done accurately due to the selection of seed points and thresholds. The 

accuracy is same but again same problem because of true negative values are higher than the true 

positive values and precision ratio of the data is alright but F1 score and MCC are varying and 

some have below 0.5 values due to the true positive values are lesser than the false negative vales. 

Table.3 

 
Table 3: Comparison Result of Manual and Automatic Segmentation of Case 3 

 
 

Histogram of accuracy of case 3, which is computed from the comparison table 5.3. In which you 

can see that between 0.9941 is accuracy of 6 compared images and between 0.993 -0.9939 is 

accuracy of 4 compared images and 0.991 is accuracy of 3 compared images and so, on. Figure 3.  
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4. Conclusion  

 
Quantification of pleural effusion has been in research over several decades. Both the manual and 

automatic segmentation of CT images have been used and advantages of one over the other are 

discussed by researchers. The work presented in this thesis provides analysis of automatic and 

manual segmentations. Observations based on three different cases of pleural effusion each have 

40, 28 and 23 CT scans are provided. The manual segmentation is performed using GIMP software 

and histograms and PDF are plotted. Automatic segmentation is performed using region growing 

images processing algorithm. Morphological filter is also implemented to improve the results 

obtained by automatic segmentation. The results in table 5.9 shows that the volumetric 

quantification of pleural effusion in manual segmentation is better than the automatic segmentation 

because the image segmented by automated technique has less number of pixels therefore it 

provides less information compared to image segmented by manual segmentation. The same table 

also indicates that the results obtained by applying morphological filter on automated segmented 

images is statistically closest to the results obtained of manually segmented images.  The 

performance of automatic segmentation can be improved by using different image processing 

algorithm such as thresholding.  
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