
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/320274833

Ultrasound Image Segmentation Techniques for Tracking and Measurement of

the Internal Jugular Vein

Conference Paper · November 2015

CITATION

1
READS

107

4 authors, including:

Some of the authors of this publication are also working on these related projects:

Prediction of Congestive Heart Failure Hospitalization View project

Object tracking View project

Ebrahim Karami

Memorial University of Newfoundland

72 PUBLICATIONS   714 CITATIONS   

SEE PROFILE

Andrew Smith

Memorial University of Newfoundland

31 PUBLICATIONS   292 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Ebrahim Karami on 09 October 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/320274833_Ultrasound_Image_Segmentation_Techniques_for_Tracking_and_Measurement_of_the_Internal_Jugular_Vein?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/320274833_Ultrasound_Image_Segmentation_Techniques_for_Tracking_and_Measurement_of_the_Internal_Jugular_Vein?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Prediction-of-Congestive-Heart-Failure-Hospitalization?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Object-tracking-11?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim-Karami-2?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim-Karami-2?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Memorial-University-of-Newfoundland?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim-Karami-2?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Smith-225?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Smith-225?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Memorial-University-of-Newfoundland?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrew-Smith-225?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim-Karami-2?enrichId=rgreq-9a982c13a0f2bd690e11cac011e1e7f1-XXX&enrichSource=Y292ZXJQYWdlOzMyMDI3NDgzMztBUzo1NDczNDE3MTIyNjkzMTJAMTUwNzUwNzg0MTgzOA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


   

 

1 

Ultrasound Image Segmentation Techniques for Tracking 

and Measurement of the Internal Jugular Vein 

 
Ebrahim Karami

1
, Mohamed Shehata

1
, Peter Mcguire

2
, and Andrew Smith

3 

1
Faculty of Engineering and Applied Sciences, Memorial University, Canada 

2
 C-CORE, St. John’s, Newfoundland and Labrador, Canada 

3
Faculty of Medicine, Memorial University, Canada 

 

 
Abstract--Estimation of circulating blood volume is important for 

the management of acute and chronic diseases. Both excessive and 

insufficient fluid administration have been shown to result 

increased morbidity and mortality. Studies have shown that the 

circulating blood volume is correlated to the cross-sectional area 

(CSA) of the internal jugular vein (IJV) which can be estimated 

from its ultrasound images.  

In this paper, an efficient active contour-based algorithm is 

proposed for segmentation of the IJV. In the proposed algorithm, 

region growing is used to obtain an initial contour for each frame 

and then an active contour is used for its fine adjustments.   

The proposed algorithm was applied for segmentation and 

tracking of the cross-sectional area of the IJV in ultrasound 

videos with different image quality and different IJV shapes and 

quality and results of the validation experiments showed that the 

algorithm performs very accurately compared to expert manual 

segmentation, as considered as ground truth, and efficiently 

tracks the changes in the cross-sectional area of the IJV. The 

results from the proposed algorithm are also compared to current 

state of the art algorithms. 

I. INTRODUCTION 

Estimation and tracking of circulating blood volume is very 

important for assessment of the status of patients and is useful 

to prevent fluid overload [1-2]. Traditional methods of blood 

volume assessment are invasive and they are also recognized 

as poor predictors of fluid-responsiveness [3]. In recent year, 

ultrasound images of inferior vena cava (IVC) have been used 

to assess volume status and guide fluid administration [4]. 

However, this approach requires repeated measures over time 

by a skilled operator with image quality often limited by 

patient factors such as body habitus and bowel gas.  

Furthermore, Since IVC is located deep inside the chest; its 

ultrasound images do not have good quality.  

Ultrasound is extensively used for localization of the 

internal jugular vein (IJV) for replacement of the central 

venous catheter [5-6]. Recently, it has been shown that central 

venous pressure (CVP) is correlated with the cross-sectional 

area (CSA) of the IJV and hence the circulating blood volume 

can be estimated from the ultrasound images of the IJV [7-8]. 

Since the IJV is located in the neck, its ultrasound images are 

much clearer than the ones for the IVC and can provide more 

accurate results.  

Active Contour (AC), also called snakes, was proposed by 

Kass et al [9] and is a popular interactive segmentation method 

for 2D medical images. AC models the desired contour as a 

time evolving curve and the segmentation process as an 

optimization over time of an adequate energy functional. An 

AC-based algorithm starts its operation with an initial contour 

and is actively deformed to minimize a pre-defined energy 

function. The minimum energy of the AC is supposed to be 

achieved at the desired border of the target object while 

neglecting gaps in the vessel wall which is a common feature 

in ultrasound imagery. The result of any AC algorithm is very 

dependent to the initial contour which is usually selected by an 

operator. 

In [10], AC technique and its combination with speckle 

tracking were proposed for the segmentation of the IJV 

images. In [10], the initial contour points for the first frame are 

manually selected by an experts and for the next frames, 

speckle tracking is used to move the control points of the AC 

(snake) along the motion of the edges of the IJV. This 

technique is efficient only if the deformation from one frame 

to the next one is negligible and consequently it requires a 

ultrasound device with a high frame rate.  

In this paper, we propose an AC-based algorithm which 

uses region growing technique to initialize the AC. Region 

growing is used to grow a region around some seed pixels and 

obtain an initial contour for the AC algorithm [11]. The initial 

seed pixel for the first frame is manually chosen by the 

operator and for the next frame, it is considered to be the 

centroid of the contour in the previous frame. Therefore, the 

only restriction on the proposed algorithm is that the centroid 

of the IJV must not have large displacement in two 

consecutive frames which is a very reasonable assumption.  

The rest of this paper is organized as follows: Section II 

presents the technical detail of the proposed algorithm. Section 

III reports experiments along with the results from the 

proposed algorithm and comparison of them with manual 

segmentation and the algorithms in [10]. Section IV concludes 

the paper.  

II. PROPOSED ALGORITHM 

The flow chart of the proposed algorithm is shown in Fig. 1. 

The proposed algorithm has the following steps: 

1. Each frame of the captured video is preprocessed with a 

7×7 median filter followed by a Gaussian filter to remove 

noises.  
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2. The initial seed pixel of the first frame is selected manually 

by the operator. For the next frames, the initial seed point is 

assumed to be the centroid of the contour in the previous 

frame. The centroid is calculated using first-order moments of 

the contour points as 
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This approach is practical only if the relative motion 

between the ultrasound probe and the centroid of the region of 

interest is not significant, which is a reasonable assumption. 

3. The quality of each frame is enhanced using an 8×8 

adaptive histogram equalizer. This improves performance of 

the region growing.  

4. A region is grown starting the initial seed point obtained 

from Step 2. Region growing is the simplest region-based 

image segmentation technique [11]. The concept of region 

growing algorithm is to choose an initial seed pixel and grow a 

region based on some feature such as intensity, gradient 

direction, or gradient magnitude. In this paper, we consider the 

intensity as the region growing feature. The region is 

iteratively grown by comparing all unallocated 8-connected 

neighboring pixels to the region such that if the difference 

between intensity of a candidate pixel and the mean intensity 

of the region is less than some threshold T, then we insert that 

candidate pixel to the region and continues the process until 

there are no unchecked candidate pixels. In this paper, we set 

the threshold as )(05.0 minmax IIT   where maxI  

and minI are maximum and minimum intensities of the frame, 

respectively. 

5. Region growing provides a coarse contour with large 

number of contour points. In this step, we use cubic spline 

interpolation to obtain N =32 equidistant contour points. 

Without this resampling the performance of active contour 

algorithm will be very poor, because active contour do not 

work properly if the initial contour points are so close to each 

other. The contour generated by region growing is always 

underestimating the actual area of the IJV. 

6. In this Step, the AC algorithm is used to move the contour 

points along the edges of the IJV and provide a continuous and 

smooth contour. The energy function in the proposed 

algorithm is defined as 

  )()()()( const

1

0

1

0
internal CEdnCEdnCECE image    ,        (2) 

where )(CEimage  is the energy term which is attracting the 

curve to the image edges and is defined as 

    
2

),( yxIEedge  ,                         (3) 

)(internal CE  is the energy term which forces the contour to 

keep its shape as regular as possible and is defined as 

                   
22

internal )('2)(2)( nCnCCE  ,                (4) 

and )(const CE  is the energy term related to any problem 

specific constraint and is defined as 

                      )()50),((2)(const CAyxICE  ,                 (5) 

where )(CA  is the area of the contour which can be calculated 

as follows: 
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The energy function of the AC is minimized as 
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where vectors tx  and ty  indicate x and y coordinates of the 

contour points at iteration t,  subscripts x and y indicate 

gradient versus them, B  is the penta-diagonal matrix defined 

in [9], 2000 , and t
t

 98.0 . 
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Figure 1: Block diagram of the proposed algorithm. 
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Figure 2: Tracking of the IJV contour in different frames of the video captured at tilt angle 0 degree for manual segmentation, the proposed algorithm, and two 

algorithms proposed in [10].

III. EXPERIMENT AND RESULTS 

The proposed algorithm was applied to track the area of two 

videos captured by ultrasound equipment Sonosite M-Turbo 

with a linear array transducer with frequency 6-15 MHz, frame 

rate 30 fps, and scan depth 6cm.  Each video includes 450 

frames corresponding to 15 seconds of data.  

Experimental data was collecting using healthy subjects 

supine and with head of the bed elevated at 0 and 30 degrees 

to simulate different volume status. The performance of the 

proposed algorithm is compared with the manual segmentation 

and the algorithms in [10].  

Evaluation of extraction 

The accuracy of the proposed algorithm was evaluated by 

computing the DICE coefficient as the level of agreement 

between the areas extracted by the algorithm and the manual 

segmentation made by an expert. DICE coefficient S is defined 

as 

                                  ,
2

MA

MA
S





                   (8) 

where A  and M  are the CSA of the IJV estimated from the 

algorithm and the manual segmentation, respectively, and 

MA  is intersection of them. 

Fig. 2. shows the contour obtained through different 

segmentation schemes and their tracking for different frame 

indices. From the second row of the Fig. 2, one can see that 

the proposed algorithm properly tracks the actual contour of 

the IJV, but it always underestimates the area. The third row of 

the Fig. 2 presents the result from the AC algorithm 

investigated in [10] which always overestimates the area and 

its error gradually increases over time. From the last row of 

Fig. 2, one can easily see that the speckle tracking-based AC 

algorithm presented in [10] cannot follow the variations in the 

IJV in the videos captured with an ultrasound machine with 

frame rate 30 fps
1
. 

Fig. 3 presents the DICE factor between the proposed 

algorithm and two algorithms in [10] with manual 

segmentation versus frame index for videos captured at tilt 

angles 0. One can see that the DICE coefficient of the 

proposed algorithm is always larger than 0.89 percent with 

mean value 0.93 while the algorithms in [10] only perform 

well at initial frames and they lose tracking after that.  

Fig. 4 presents the CSA of the IJV versus frame index for 

the manual segmentation, the proposed algorithm, and the 

algorithms in [10]. One can easily see that the proposed 

algorithm continuously follows the manual segmentation but 

always underestimates it. In other words, the relative 

variations in the CSA of the IJV estimated by the manual 

segmentation and the proposed algorithm are very close.  On 

the other hand, the CSA estimated from the proposed 

algorithm seems smoother than the one from the manual 

segmentation which is due to the lack of manual error 

introduced by the natural fluctuations of the hand of the expert 

who extracts the manual segmentation. 

Figs. 5-7 present the same results when the head of the bed 

elevated at 30 degrees,  where we expect lower CSA with 

larger fluctuations. From Fig. 5, one can see that the proposed 

algorithm efficiently follows  the variations of the IJV contour 

while both algorithms presented in [10] lose tracking after 

initial frames.   

From Fig. 6, one can see that the minimum and average 

values for the DICE coefficient of the proposed algorithm are 

0.88 and 0.95 while these values for the algorithms in [10] are 

even worse than the previous scenario. These results are also 

verified with Fig. 7. In both investigated scenarios, the 

proposed algorithm outperformed the algorithms in [10]. 

                                                           
1 In [10], the frame rate is 69 fps and therefore the variations from one 

frame to the next one are less than our scenario. 
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Figure 3: The DICE factor for the proposed algorithm and the 

algorithms in [10] for ultrasound video captured at title angle 0 

degree. 

 
Figure 4: The CSA of the IJV from the manual segmentation, the 

proposed algorithm, and the algorithms in [10] for ultrasound video 

captured at title angle 0 degree. 

 

Fig. 5: Tracking of the IJV contour in different frames of the video captured at tilt angle 30 degree for manual segmentation, the proposed 

algorithm, and two algorithms proposed in [10]. 
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Figure 6: The DICE factor for the proposed algorithm and the 

algorithms in [10] for ultrasound video captured at title angle 30 

degree. 

 

Figure 7: The CSA of the IJV from the manual segmentation, the 

proposed algorithm, and the algorithms in [10] for ultrasound video 

captured at title angle 30 degree. 

 

IV. CONCLUSION 

In this paper, an active contour (AC) based segmentation 

algorithm was proposed for estimation and tracking of the 

cross-sectional area of the IJV from ultrasound images 

captured at rate 30 fps. In the proposed algorithm, the AC is 

initialized using a region growing algorithm which grows a 

region around an initial seed point and forms an initial but 

coarse contour for the AC algorithm. The proposed algorithm 

was applied to two ultrasound videos with frame rate 30 fps. 

The validation experiment showed that the proposed algorithm 

performs very close to the manual segmentation made by an 

expert and while the algorithms proposed in [10] lose tracking 

after initial frames. 
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