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Automatic detection of calcifications in the aorta

from abdominal CT scans
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Abstract

An automatic method to detect calcifications in the aorta from CT scans of the abdomen is

presented. Candidate objects are extracted by gray level thresholding. For each candidate object, a

number of shape, spatial and gray level features are calculated. Based on those features, classification

of candidate objects into calcifications and non-calcifications is performed in two stages. In the first

stage, objects are discarded for which one of the features is not within a predefined range. In the

second stage, classification of the remaining objects is performed using a k nearest-neighbor

classifier. The method is evaluated on 20 scans containing different amounts of calcifications and

gives high accuracy, sensitivity and specificity. In total, 119 calcifications out of 153 were detected at

the expense of 33 false-positives.

D 2003 Published by Elsevier Science B.V.

Keywords: Calcifications; Computer-aided diagnosis; Vessel analysis

1. Introduction

Several studies have investigated the correlation between atherosclerosis and arterial

calcifications [1–3]. In these studies, calcifications were scored manually by visual

inspection. We present a method for automatic detection of calcifications. This method

does not require any user interaction, and therefore it allows automated processing of large

amounts of data which makes epidemiological research feasible. Another possible

application is automated total body calcium scoring. The new generations of multi-

detector row CT scanners can make fast acquisitions of the complete body from which a
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total body calcium score can be determined. This requires processing scans containing

over 1000 slices, which makes computer assistance mandatory. Our method does not

require a segmentation of the vessels of interest and could therefore be used for this

purpose.
2. Methods

For this research, data from a clinical study of the University Medical Center Utrecht was

used. In that study, the presence of calcifications in the abdominal aorta is linked to risk

factors for atherosclerotic disease. Patients are grouped in four categories based on the

amount of calcifications encountered, which are determined by visual inspection. The

categories are: ‘none’, ‘small’, ‘moderate’ and ‘large’. Our data set contained five scans of

each category. Only those slices from the point where the superior mesenteric artery is

branching off the descending aorta until the first bifurcation of the iliac arteries are taken into

account. To determine the ground truth, all calcifications were segmented manually by the

first author under the supervision of a radiologist. Patients included in the aforementioned

clinical study have been scanned for different reasons and therefore scans were acquiredwith

different protocols and often contrast was administered, either intravenously, orally, or both.

A calcification is commonly defined to be a volume of density of more than 130 HU

[2]. Because the contrast in the aorta has a value larger than 130 HU, that value cannot be

used as a threshold level to extract calcifications. A slightly higher value of 220 HU was

chosen. Scans were thresholded and all objects above the threshold value were extracted

by three-dimensional region-growing (Fig. 1). For each object, a number of features was

computed. They include spatial, gray level and shape features. Some features are

calculated on three-dimensional objects, while others are calculated in two-dimensions

in the slice containing the object’s center of mass.

Spatial features are coordinates of the location of the object’s center of mass found

using a local coordinate system relative to the body, which is extracted by thresholding.
Fig. 1. Candidate objects are extracted from a scan: (1) gray level thresholding is used to extract candidate voxels

and (2) neighboring voxels are connected by three-dimensional region-growing. Image shows (a) slice from the

CT scan of the abdomen (window mean = 350 HU, width = 1300 HU), (b) the same slice thresholded at 220 HU

showing two-dimensional view of three-dimensional candidate objects.



Fig. 2. Circles detected for (a) calcification (b) non-calcification. When the detected circle matches a vessel, the

gray level distribution inside it is homogenous and the object is likely to be a calcification. This is the case in (a).

In other cases, such as (b), the gray level distribution in the circle is not homogeneous.
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Gray level features were average and maximum intensity in the object. Further, a two-

dimensional algorithm to detect a circle matching the vessel around the candidate object was

developed. The algorithm searches for the circle around the candidate object with the

highest sum of the derivatives in the direction towards the circle center on the border of the

circle. Features based on the gray values inside that circle and in a ring around it were

calculated. These features were computed excluding the area of the candidate object (Fig. 2).

Shape features include the object’s volume, compactness, maximum and average

distance from the object’s border to the center of mass. Finally, a compactness of the

candidate object after two-dimensional-region growing is calculated: when lowering the

initial gray level threshold, a candidate object will grow in size. In the case of a

calcification, the grown object will at a certain threshold level roughly match the vessel,

which is a circular structure. In the case of a non-calcification, the candidate object will

grow to any shape (Fig. 3). In total, 18 features were calculated; they are listed in Table 1.

The classification of objects was performed in two stages. The aim of the first stage was

to reduce the number of candidate objects without removing any true positives. For 15
Fig. 3. (a) Slice from the scan thresholded at 220 HU. (b) When lowering the threshold from the original level, it

is expected that the candidate object will (1) in case of calcification grow to an object which will match the aorta

and therefore have a circular shape and (2) in case of a non-calcification grow to any shape.



Table 1

Features calculated for candidate objects

Features in three-dimensions

(1) x-coordinate of the object’s center of mass

(2) y-coordinate of the object’s center of mass

(3) z-coordinate of the object’s center of mass

(4) average intensity inside the object

(5) maximum intensity inside the object

(6) average distance from the object’s border to the center of mass

(7) maximum distance from the object’s border to the center of mass

(8) volume

(9) compactness

Features in two-dimensions

(10) average intensity inside the detected circle

(11) standard deviation of the intensity inside the detected circle

(12) average intensity inside the ring around the detected circle

(13) standard deviation of the intensity inside the ring around the detected circle

(14) difference of features (10) and (12)

(15) difference of features (11) and (13)

(16) difference of intensities inside the detected circle and inside the object

(17) area

(18) compactness of the grown candidate object
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features, a range could be determined which contained almost all calcifications. Objects

for which at least one of the features was not in the required range were discarded. In the

second stage, the goal was to classify the remaining objects in calcifications and non-

calcifications. A leave-one-out experiment was performed meaning that each scan was

used as a test set while the remaining scans were used for training the classifier. In the train

set for every feature, a scaling was computed which normalized the feature to zero mean

and unit variance. On every train set, sequential forward selection (SFS) [4] was performed

separately. This means that features are added in a step-wise fashion in order to give the

best classification result on the train set. A 1� nearest neighbor classifier with Euclidean

distance metric was used. Further, the samples in the test set were scaled with the same

scaling factors as determined for the train set. Using the features selected for the train set

and using the classifier trained on that set, objects in the test scan are classified.
3. Results

The 20 scans contained 891 slices in the vertical range of interest. After thresholding,

there were between 250 and 1400 objects per scan. In total, 14,120 candidate objects were

detected, of which 153 were calcifications. The non-calcifications were mostly bony

structures, such as ribs or spine, and contrast material. After the first stage of classification

where objects out of the predefined ranges were eliminated, the number of objects to be

classified ranged from 150 to 350 per scan, totalling 2844 objects, among which the total

number of calcifications was 145. Eight calcifications were discarded from the initial set of
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calcifications due to the requirement for an object to be at least three voxels in size. The

discarded calcifications were only the smallest ones and detecting them was not essential. In

the second stage of classification, on average 10 features were selected. The average results

of classification per scan were: accuracy 97.7%, sensitivity 91.9%, specificity 98.6%. In

total, 119 calcifications out of 153 were detected at the expense of 33 false-positives.

Further, we wanted to see if our method could be used to correctly assign the category

label ‘none’, ‘small’, ‘moderate’ and ‘large’ amounts of calcifications to a scan, as was

done in the clinical study from which the data originated. We related the total number of

detected calcifications and the total volume of detected calcifications to a category. Using

the number of calcifications, 14 scans were placed in the correct category, 5 were placed in

a neighboring category and in one case, a scan that contained no calcifications was

classified as moderately calcified. Using the total volume as an indicator, 15 scans were

correctly classified, 2 were placed in the neighboring category, and 3 cases were more than

one category off. In four of those misclassified scans, a single large false-positive object

representing contrast material caused the classification error.
4. Discussion

A main drawback of the method is that in some scans relatively large volumes of

contrast agent were misclassified as calcifications (false-positives). We expect that better

results will be obtained if the method is used on scans without any contrast material. False-

negatives were mostly calcifications of an unusual shape, where the vessel was lying in the

x–y plane. Training a classifier on a larger data set that includes a bigger range of

examples of such calcifications might improve performance. Note that these experiments

were done using a single fixed threshold level. As scans contained different levels of

contrast, it would be interesting to perform an automatic threshold level selection for each

object in order to match its contour more precisely. Also note that the method does not

require segmentation of a vessel of interest, although it does need the vertical range to be

set. An advantage of such a method is that it could be applied for calcification detection in

other vessels. On the other hand, if a segmentation of the vessel would be provided,

classification error caused by false-positive objects outside the vasculature would be

avoided.
5. Conclusion

We presented an automatic method for detecting calcifications in the aorta from CT

scans of the abdomen. The method does not require any segmentation of vessels and gives

high specificity and sensitivity even in the presence of contrast material.
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