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ABSTRACT. Dynamic renal scintigraphy is usually applied for the estimation of GFR
and ERPF. The clearance of °™ Te-DTPA and °°™ Te-MAGS3 were the relatively index
of GFR and ERPF in the clinical evaluation of patients with acute and chronic renal
failure using camera-based methods. In camera-based methods it is necessary to man-
wally delineate ROIs for "™ Tc-DTPA and °°™ Tc-MAGS3 calculation. The requirement
may reduce the convenience and reliability of estimating GFR and ERPF from dynamic
renal scintigraphy. This paper proposes the estimation of GFR and ERPF using adaptive
edge-based active contour for the segmentation of structures in dynamic renal scintigra-
phy. The salient feature of proposed method is based on combining three other external
force. First, the adaptive elastic parameter has been developed to automatically adjust the
rigidity of the snake during its evolution towards an image contour. Second, the adap-
tive balloon force has been implemented to increase the GVF snake’s captured range and
convergence speed. Finally, a dynamic GVF force is introduced to provide an efficient
evolution stop mechanism. Preliminary segmentation results demonstrate the potential
of proposed method and are visually judged to be acceptable for clinical use in comparison
with the original GVF snake method and manual segmentation by experts. Furthermore,
the mean of estimating GFR and ERPF with the proposed method are successfully pre-
dicted and do not differ from APEX-XPERT program at the 5% level of significance.
Keywords: Dynamic renal scintigraphy, Effective renal plasma flow, Glomerular filtra-
tion rate, Region of interest

1. Introduction. Measurement of absolute and relative renal function is a major role of
dynamic renal scintigraphy. Figure 1 shows time-activity curves of a normal renal study.
Regions of interest are set for both kidneys and the background. Counts in these regions
are then digitally summed over each frame in the acquisition sequence to define the time-
activity curve for each kidney. The clearance of *™Tc-diethylenetriamine-pentaacetic
acid (*™Tc¢-DTPA) and *™Tc-mercaptoacetyltriglycine (*™Te-MAG3) are a relatively
new index of glomerular filtration rate (GFR) and effective renal plasma flow (ERPF),
respectively. Camera-based methods without blood sampling have been described to
calculate s*™Tc-MAGS3 clearance [1-7]. In the camera-based methods, it is necessary to
select regions of interest (ROIs) for the kidneys and background areas, a task commonly
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FIGURE 1. Time-activity curves of a normal renal study

performed by manual in an operator. Interoperator variability in drawing ROIs is a
potential source of interoperator and interinstitutional difference in calculating indices of
renal function [8-12]. Operator dependency can cause a substantial problem, especially
in institutes with no physicians or technologists experienced in nuclear nephrology, and it
may impair the feasibility and reliability of estimation of GFR and ERPF from dynamic
renal scintigraphy.

Although several methods have been reported to decrease operator dependency in ROIs
selection for the estimation of renal function [8-10,13-16], none has been widely accepted
as a method of choice in clinical practice. In addition, accuracy in estimating GFR and
ERPF with decreased operator dependency has not been addressed in previous reports.
Because the purpose of ROIs selection in a camera-based methods is to quantitate GFR
and ERPF, assessment of the accuracy of estimated renal function seems to be essential
from determinable the success of defined ROIs. Furthermore, there has been a substantial
amount of research on segmenting images with deformable models in recent years [17].
Notably active contours, known as “snakes”, have been widely studied and applied in
medical image analysis, and their applications include edge detection, segmentation of
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objects, shape modeling and motion tracking [18,19]. Snakes were first introduced in
1987 by Kass et al. [20]. They generally represent an object boundary as a parameter
curve or surface. An energy function is associated with the curve, so the problem of finding
an object boundary is cast as an energy minimization process. Typically, the curves are
affected by both an internal force and external force. A snake can locate object contours
well, once an appropriate initialization is done. However, since the energy minimization is
locally carried out, the located contours can be trapped by a local minimum. A number
of methods have been proposed to improve the snake’s performance [21,22]. Recently,
Xu and Prince have proposed a new deformable model called the “gradient vector flow
snake” (GVF) [23,24]. Instead of directly using image gradients as an external force,
it uses a spatial diffusion of the gradient of an edge map of the image. GVF snake was
proposed to address the traditional snake’s problems of short captured range and inability
to track at boundary concavity. However, GVF still may not be able to capture object
contours in some medical image segmentation. Efforts at improving the original GVF
snake’s performance have been published recently. Xu et al. combined GVF force with a
constrained balloon force to segment gyri in the cortex [25]. Although this combination
works well on this case, its requirement of an a priority knowledge of the region of interest
may restrict its application.

In determinable success of defined ROIs, this paper proposes a new approach to enhance
the GVF snake performance in kidneys segmentation on dynamic renal scintigraphy with
PmTe-DTPA and *™Tc-MAG3. The method consists of three major parts. Firstly, an
adaptive elastic parameter has been developed to automatically adjust the rigidity of the
snake during its evolution towards an image contour. Secondly, an adaptive balloon force
is incorporated into internal forces to increase captured range and speed-up evolution.
Thirdly, a dynamic GVF force is introduced to provide an evolution-stop mechanism.
With this ability, the located contours are less sensitive to local minima. What is more,
researcher evaluated the clinical applicability of the method for the estimation of GFR
and ERPF by camera-based methods.

This paper is organized as follows. In Section 2, this paper presents methodology, which
consists of materials and image acquisition, adaptive edge-based active contour models,
camera-based methods, experiments and data analysis. Whereas, researchers detail adap-
tive edge-based active contour models in Section 2 for the mathematic foundation of active
contour models, conventional snakes and GVF snakes, including different aspects of re-
searcher’s improved GVF snake using an adaptive elastic parameter, an adaptive ballon
model and a dynamic GVF. In Section 3, this paper present some preliminary results
of kidneys segmentation on dynamic renal scintigraphy and compare the performance of
researchers’ approach with the GVF snake. In addition, this paper evaluates the clini-
cal applicability of the method for the estimation of GFR and ERPF by camera-based
methods and compares the performance of the method with the APEX-XPERT program.
Later, this paper presents discussion in Section 4. Finally, researchers propose conclusion
and several avenues of research for future work in Section 5.

2. Methodology.

2.1. Materials and image acquisition. There were four subjects (1 girl, 1 boy, 1
woman and 1 man) in age 6, 1, 58 and 34 years, respectively, included in the study.
The subjects were referred for evaluation of renal function in routine nephrology practice.
Informed consent was obtained prior to the test.

Gamma camera renography was performed on a dual head gamma camera (General
Electric; Elscint-Varicam) with a low energy high-resolution collimator, and a 20% window
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centred over the 140 keV photo peak of ™ Tc. Patients remained supine on the bed above
the gamma camera and were hydrated with a saline solution at 10 to 20 drops per minute
during the exam. Following the intravenous injection of 3-5 mCi of ™Tc-DTPA or
PmPe-MAGS3, the image data were collected in a 64x64 matrix at 2 seconds per frame
in the initial 64 seconds and, thereafter, at 15 seconds per frame for 30 minutes. Gamma
camera technique for GFR or ERPF calculation, a 1-minute image of the *®Tc-DTPA
or mTc-MAGS3 syringe before and after injection were taken 30 cm distance from center
of the collimator. After injection, 15 seconds per frame images are acquired for a total of
6 minutes.

2.2. Adaptive edge-based active contour models. In this section, researchers review
the mathematical formulation of conventional snakes and GVF snakes. Researchers also
describe the strengths and weakness of each method.

In 2D, a snake is a curve C(s) = (z(s), y(s)) where s € [0, 1]. The curve moves through
the image domain to minimize a specified energy function. In traditional snakes, the
energy is usually formed by internal forces and external forces as:

Esnake = Linternal + Ee:vternal (1)

Einterna tends to elastically hold the curve together (elasticity forces) and to keep it from

bending too much (bending forces). This energy is defined in Equation (2), where %< and

%272’ represent the first and second derivative respectively. Researchers can control the
snake’s tension and rigidity by the coefficients a and . E,pterna intends to pull or push
the curve towards the edges. Typically, the external forces consist of potential forces.
This energy is defined in Equation (3), where Ej,q4. represents the negative gradient
of a potential function. This energy is general the image force as defined in Equation
(4) where I denotes the image and X = X(x,y) = [z y]*. Using variational calculus
and the Euler-Lagrange differential equation, researcher can solve Equation (1). Then,
the solution of this force balance, as defined in Equation (5), represents the snake final
position. The differences in the ways of the energy function is established and will result
in different snakes.

Ez%/az—cde%/B‘aa—cd e
Brntornat = / Fimnage(C(8))ds (3)
Einage(X) = ~[VI(X)] (4)

Oz% — % — VEinage =0 (5)

Although the traditional snakes have found many applications, they are intrinsical weak
in three main aspects. First, they are very sensitive to parameters. Second, they have
small captured range and the convergence of the algorithm is mostly dependent from the
initial position. Finally, they have difficulties in progression into boundary concavities
(Figure 2).

Xu and Prince have proposed a new GVF snake to achieve better object segmentation
[24] and it is expressed as Figure 2. The basic idea of the GVF snake is to extend
influence range of image force to a larger area by generating a GVF field. The GVF field
is computed from the image. In detail, a GVF field is defined as a vector field V' = V(x)
that minimizes the energy function.

_ 2 2 - 2
Q—///N Vo VIRV - V[P (6)
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where f is the edge map, which is derived by using an edge detector on the original image
convoluted with a Gaussian kernel, and p is a regularization parameter. Using variational
calculus, the GVF field can be obtained by solving the corresponding Euler-Lagrange
equations. Similar to Equation (5), the force balance equation of GVF snake can be
expressed as

0?C o'C

53 5834 +9V =0 (7)
where 7 is a proportional coefficient. GVF snake’s larger captured range and concavity
tracking ability are attributed to the diffusion operation shown in the above equation.
When |V f]| is small, the energy is dominated by the sum of the squares of the partial
derivatives of the vector field, resulting a slowly varying yet large coverage field. Whereas

when |V f| is large, the second term dominates the integration.

A

s

FIGURE 2. An object, its corresponding vectors and segmented results.
(A) An object image. (B) The preliminary ROIs. (C) The corresponding
vector by traditional active contour. (D) The corresponding vector by gra-
dient vector flow. (E) Segmented result by traditional active contour. (F)
Segmented esult by gradient vector flow.
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In applying the GVF snake on real data such as medical images (Figure 3), the captured
range of the active contour did not seem as large as researcher expected. This is mainly
because in the case of medical data, images often contain a lot of textures. Unfortunately,
the GVF field is very sensitive to these variations and the active contour does not converge
to the ideal solution. Another observation was that the GVF snake was sensitive to the
shape irregularities. In these cases, the GVF force could not properly push the snake to
the right contour. To deal with these problems researchers have developed an improved
GVF snake.

The improvement research proposal is to add new external forces, including an adaptive
elastic parameter o, an adaptive balloon force foguptive pressure and a dynamic GVF force,
defined as a vector field Vyynamic. Then, researchers propose a new scheme to integrate
these external forces in the snake mathematical formulation.

The adaptive elastic parameter has been developed to automatically adjust the rigidity
of the snake during its evolution towards an image contour. Furthermore, the elasticity
depends on time and the optimal preliminary ROIs cannot be specified beforehand. Thus,
researchers propose an adaptive scheme, that automatically adjusts o parameter during
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FIGURE 3. Automatic segmentation of kidney on gamma camera renogra-
phy. (a) Original image. (b) Automatic segmentation by gradient vector
flow.

its evolution towards an image contour. The o parameter based on a distance vector flow
is defined by Equation (8).

- (®)

o0=—-"

where w and p are coefficients for controlling in the range of a values. D; is the norm of
D; and normalized to have magnitude between 0 and 1. D; is the candidate displacement.
D; is the difference between the snake’s new position M; and each point of snake N;, that
is attracted towards the nearest edge. In the part of edge, it is detected using the Canny
operator. Thus, the new position M; of point N; is defined by Equation (9).

M; = N; + D, 9)

In the balloon model proposed by Cohen et al., a pressure force f,(s) is added to snake
force as a second external force to push the curve outward or inward [26,27]. In this way,
the curve is considered as a balloon, that has been inflated or deflated. Equation (10)
represents the pressure force, where 7i(s) is the normal unit vector to the curve at point
C(s).

fpls) =k - 7i(s) (10)

The balloon force is considered to increase the captured range of image potential force.
This is a proper consideration given, that the snake can be set to start evolving inside
the object. Unfortunately, balloon force introduces unpredictability to the performance
of the active contour and make it more sensitive to the value of its different parameters.
To overcome the unpredictability problem introduced by the balloon force, this force is
applied in an adaptive way. The main idea is to give the balloon force bigger weight
compared to the GVF force at the early stage of the evolution, and to give the balloon
force smaller weight at the later stage. In this way, the speed of the convergence is
increased, and the snake can be correctly pushed towards the surface evenness if it starts
far away with less chance of being over-pushed.

A dynamic GVF force is introduced to provide a unique evolution-stop mechanism
as well as all the characteristics owned by the original GVF force. The evolution-stop
mechanism is needed to prevent the snake from breaking through the correct contour and
locking to other feature points. The breakage can happen in areas, where two objects
or organs are very close to each other. The introduction of the dynamic GVF force is
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inspired by a property of the GVF field. That is, when the GVF field passes a contour,
its direction will change.

It can be easily observed that the field vector changes direction at the ellipse boundary.
Therefore, a consistency degree is incorporated into the new dynamic GVF force. The
force varies according to the consistency. If the evolution of the snake will cause the
change of GVF force direction, it is said inconsistency has occurred and the snake is not
allowed to evolve to the new position. With these three novel inclusions, the proposed
force balance equation can be expressed as:

2 4
O‘% - % + ’Yvdynamic + )\fadaptive pressure — 0 (11)
Viaynamic 1s defined in Equation (12) as a dynamic gradient vector flow force. Let X be a
point on the current snake and Xy be its possible next position in the evolution process.
() defines the consistency angle and is proportional to the angle between the GVF vectors
at X; and X,. To represent the cut-off angle, based on researcher’s experiments, 7 = 20°
is a good threshold.

7584 otherwise

vV if Cg > Ty
denamic = fa%Jrﬁallof)\fpa (12)

The new dynamic gradient vector flow force will be the same as conventional GVF if
the snake point moves towards the contour. However, when the snake point tries to cross
over an edge, the dynamic gradient vector flow force will stop the point from moving.
The threshold Ty will decide when this evolution-stop mechanism will be triggered.

2.3. Camera-based methods. After image acquisition, patient’s weight and height
were entered into an online computer, with which all imaging data were recorded. The
GFR and ERPF were automatically calculated by a commercial available computer and
the proposed method according to the Gate’s algorithm and Schlegel’s algorithm. GFR
by modified Gate’s method [28] was calculated with the following formula:

(R—Rp) + (L-Lp)
e HDR e DL
Total renal uptake percent (%) = P Post) (13)
re — Pos

Global GFR = Total percent renal uptake (%) x 100 x 9.81270 — 6.82519  (14)

where Pre: pre-count, Post: post-count, R: right kidney counts, Rp: right kidney back-
ground counts, L: left kidney counts, Lg: left kidney background counts, Dg: right
kidney depth, Dy: left kidney depth, u: attenuation coefficient of *™Tc in soft tissue
(0.153/cm), e: constant.

The ERPF was calculated according to the protocol (method for ERPF analysis of
Schlegel) based on the following:

ERPF =5.029 x Body Sur face Area X R (15)
Body Sur face Area = Weight(K g)*** Height(cm) x 0.007184 (16)

and R is the predicted 32-minute return of the injected nuclide, defined as:

Individual kidney uptake

Predicted Ret = 17
reduered frerurn Total uptake and calculated on each side (17)

The uptake is calculated as follows:
Uptake = (Background-corrected counts)(Kidney Depth?) x 100 (18)

One-minute counts
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From injection image, where

Background-corrected counts

#pixels in kidney ROI ) (19)
#pizels in Background ROT

Kidney depth was estimated from the correlations:

13.3 x Weight(kg)

= Raw Counts — (Background counts x

Right Kid Depth = 0.7 20
" raney ep Height(cm) N (20)

_ 13.2 x Weight(kg)
Left Kid Depth = 0.7 21
¢ft Kidney Dep Height(em) * (1)

2.4. Experiments and data analysis. In validation for the performance of the pro-
posed method, preliminary ROIs and background regions were manually drawn on the
frame from summation of all frames in time 31 minutes and 4 seconds included, after
the injection. Then, segmentations obtained by physicians and automated segmentations
obtained by the method of GVF snake and the proposed method were performed for
segmentation of kidneys. Kidneys and background regions were selected on images to
obtain counts. The background corrected time-activity curve was generated and the renal
uptake of individual kidneys for one minute from 2 to 3 minutes or 1-2 minutes after the
injection was calculated for the estimation of GFR or ERPF, respectively. After correct-
ing for background and attenuation, the net renal cortical uptake as a percentage of the
total injected dose was calculated for the estimation of GFR and ERPF. The GFR and
ERPF were automatically estimated by a commercially available computer programmer
(APEX-XPERT program) and the proposed method according to the Gate’s algorithm
and Schlegel’s algorithm, respectively.

Researcher’s validation criteria of kidneys segmentation is based on both subjective
and quantitative analysis. For subjective aspect, the contours drawn by experts and by
automatic segmentation were compared. In addition, the quality of kidneys segmentation
defined for each patient by the original GVF and the proposed method in the estimation
of GFR 1 patient and all others ERPF was evaluated visually and graded as excellent,
good, fair, or poor. The quality of kidneys segmentation was graded as excellent when the
kidneys segmentation were concordant with renal areas identified visually, good when they
were closely concordant with renal areas identified visually but showed some minor dis-
crepancy, and fair when there was obvious discrepancy between the kidneys segmentation
and renal areas identified visually but clinical use was considered permissible. When the
generated kidneys segmentation were judged unacceptable for clinical use, their quality
was graded as poor. The grading was independently done by nine physicians, who were
unaware of the method of kidneys segmentation. In cases of discrepant assessments, the
final decision was made by a tenth physician from taking account of the nine preceding
assessments.

For quantitative analysis, three validating parameters are defined. Researchers have
designed four experiments using four different sets of parameters for each patient in the
estimation of GFR 1 patient and all other ERPF (Table 1). Researchers choose ao = 0.1
and A = 0.05 for researcher’s method. In defining the parameters, the accuracy of the
snake results is checked against the manual segmentations done by three experts. To
evaluate the results, researchers propose to use three values which researchers will denote
by Rca, Fpy and Fyy. Reoa is defined as the ratio between the area considered as kidney
by both the snake and at least two experts and the area considered as kidney either

3 oner a
by the snake or at least two experts. It is expressed as Rcyq = (A tl i L where
ETPETL) snakrKe
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Agnake 1s the area confined by snake; A.zper¢ is the area considered as kidney by at least
two of the three experts and A,yeriqp is the area overlapped between Ay, qre and Aegpert.
Researcher can note that Rc4 is a normalized value (Rca € [0,1]). Fpy is defined as
the area considered as kidney by snake, but as non-kidney by at least two experts (False
Positive Number). Fyy is defined as the area considered as non-kidney by snake, but as
kidney by at least two experts (False Negative Number).

TABLE 1. Parameters set for the four experiments

Parameters

Patients P K

Patient A for the GFR estimation 0.01 0.03
Patient B for the ERPF estimation 0.01 0.05
Patient C for the ERPF estimation 0.01 0.01
Patient D for the ERPF estimation 0.01 0.03

The estimation of GFR and ERPF were examined and compared between the pro-
posed method and APEX -XPERT program using ¢ test for accuracy evaluation. In most
hypothesis-testing situations concerning the population mean, j, researchers do not know
the population standard deviation, o. Instead, researchers use the sample standard devi-
ation, S. If researchers assume that the population is normally distributed, the sampling
distribution of the mean follows a ¢ distribution with n — 1 degrees of freedom. If the
population is not normally distributed, researcher can still use the ¢ test if the sample size
is large enough. Equation (22) defines the test statistic ¢ for determining the difference
between the sample mean, X, and the population mean, p, when the sample standard
deviation, S, is used. The ¢ test of hypothesis for the mean (¢ unknown) is calculated
with the following equation:

N S

- (22)
NG

where the test statistic ¢ follows a t distribution having n — 1 degrees of freedom.
3. Main Results. To investigate the performance of researcher’s segmentation method
and compare it with original GVF snake, both original GVF snake and researcher’s im-
proved GVF snake have the same values of § and 7, and researchers also set the initial
position for the curve. Figure 4 shows the original image and the initial snake position
drawn in red curve. Then, segmentations obtained by physicians and automated segmen-
tations obtained by the method of GVF snake and the proposed method were performed
for kidneys segmentation. For subjective aspect, the contours drawn by physicians and by
automatic segmentation were compared. Figure 5 shows manual segmentation by experts.
Figure 6 shows automatic segmentation using two different techniques with four sets of
parameters for each patient. Figure 7 shows the (z,y) coordinates of kidneys from seg-
mentations obtained by physicians and automated segmentations obtained by the method
of GVF snake and the proposed method. Based on Figures 6 and 7, researcher can see
that the original GVF can not correctly locate the kidneys and is stuck on unwanted fea-
tures. Kidneys and background regions were selected on images to obtain counts and the
counts were background subtracted to perform a camera-based GFR and ERPF calcula-
tion. Figure 8 shows kidneys and background regions were selected on images to obtain
counts.

The results of visual evaluation for the quality of kidneys segmentation are presented in
Table 2. For automatic segmentations obtain by researcher’s improved snake, the quality
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FIGURE 4. The original gamma camera renography slice 35 of fourth pa-
tients and the initial snake position drawn in red box

FiGureE 6. Kidneys segmentation on renal scintigraphy of four patients,
using two different techniques. Top: the initial snake position; Middle:
original GVF snake; Bottom: researcher’s improved snake.
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Ficure 8. Kidneys and background regions were selected on images to
obtain counts.

TABLE 2. Grading of quality of kidneys segmentation

Grade The Proposed Method Original GVF
A B C D A B C D
Excellent 7 8 8 9 0 0 0 0
Good 2 1 2 1 0 0 0 0
Fair 1 1 0 0 4 2 3 0
Poor 0 0 0 0 6 8 7 10

TABLE 3. Values of three criteria using the original GVF snake and the
improved GVF snake

Grade Original GVF The Proposed Method
Reoa Fpy Fyvy Rca Fpy Fyn
Pgbt“ifetnzsﬁrfg;itol;e 0.3931 | 835 | 63 | 0.9455 | 32 35
ggsée;teilfz;tﬁgrel 0.2127 529 1195 0.6983 89 393
g?{tée; tegifzzttigﬁ 0.2388 | 657 | 72 | 0.9274 | 16 22
g?:ri?; tegirfr(i;tggﬁ 0.0855 | 1237 | 39 | 0.8871 | 11 28

of kidneys segmentation with the measured GFR mean of 66.07 mL/min in sample A was
graded as excellent in 7 physicians, good in 2 physicians, fair in 1 physician and poor
in none. The quality of kidneys segmentation with the measured ERPF mean of 323.64
mL/min in sample B was graded as excellent in 8 physicians, good in 1 physician, fair in
1 physician and poor in none. The quality of kidneys segmentation with the measured
ERPF mean of 233.34 mL/min in sample C was graded as excellent in 8 physicians,
good in 2 physicians, fair and poor in none. The quality of kidneys segmentation with
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the measured ERPF mean of 426.31 mL/min in sample D was graded as excellent in 9
physicians, good in 1 physician, fair and poor in none. For defined automatic segmentation
obtained by original GVF snake, the quality of kidneys segmentation with the measured
GFR mean of 66.07 mL/min in sample A was graded as excellent and good in none, fair
in 4 physicians, and poor in 6 physicians. The quality of kidneys segmentation with the
measured ERPF mean of 323.64 mL/min in sample B was graded as excellent and good in
none, fair in 2 physicians and poor in 8 physicians. The quality of kidneys segmentation
with the measured ERPF mean of 233.34 mL/min in sample C was graded as excellent
and good in none, fair in 3 physicians and poor in 7 physicians. The quality of kidneys
segmentation with the measured ERPF mean of 426.31 mL/min in sample D was graded
as excellent, good and fair in none and poor in 10 physicians. Therefore, the proposed
method provided kidneys acceptable for clinical use in all patients, including those with
high and low renal function (Figure 6).

For quantitative analysis, the Rca, Fpy and Fyy values of the original GVF snake
and researcher’s approach are presented in Table 3. Researcher can see that the original
GVF snake gives Rc4 unfavorable values of 0.3931, 0.4127, 0.2388 and 0.0855 comparing
t0 0.9455, 0.7983, 0.9274 and 0.8871, respectively, of researcher’s approach. Subsequently,
researcher can see that the original GVF snake gives Fpy values of 235, 229, 557 and 837
comparing to 2, 59, 6 and 3, respectively, of researcher’s approach. And, the original GVF
snake gives Flyy values of 63, 195, 72 and 59 comparing to 35, 93, 26 and 48, respectively,
of researcher’s approach. These do mean the area located by researcher’s approach is
more likely as kidneys than the area located by the original GVF snake. In addition, if
researchers check the Flpy and Fyy values of researcher’s method, that presented much
less false positive number and false negative number. This is ideal from the viewpoint of
a physician.

The estimation of GFR and ERPF with the proposed method is presented in Table
4. Researcher can see that the GFR and ERPF values by APEX-XPERT program gives
values of 66.40, 322.80, 234.15 and 425.76 comparing to 66.07, 323.64, 233.34 and 426.31,
respectively, of researcher’s approach. For a given sample size, n = 10, researcher decide
to use a = 0.05 and the test statistic ¢ follows a t distribution with n — 1 degrees of

TABLE 4. The mean of GFR and ERPF estimation using the proposed method

GFR of Sample A ERPF of Sample B ERPF of Sample C ERPF of Sample D

64.74 324.87 232.58 426.72
65.20 322.01 234.51 424.44
68.53 321.98 230.36 428.66
69.24 323.81 231.08 425.61
63.61 325.35 235.66 427.67
64.21 324.66 237.72 426.55
66.61 321.64 234.67 428.41
67.24 324.66 230.42 423.34
63.11 325.77 233.62 424.61
68.23 321.62 232.76 427.11
X 66.07 323.64 233.34 426.31
m 66.40 322.80 234.15 425.76
S 2.19 1.65 2.39 1.77
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TABLE 5. Determining the critical value from the ¢ table for an area of
0.025 in each tail with 9 degrees of freedom [29]

Degrees of Upper-Tail Areas
Freedom .25 .10 .05 .025 .01 .005
1 1.0000 3.0777 6.3138 12.7062 31.8207 63.6574
2 0.8165 1.8856 2.9200 4.3027  6.9646  9.9248
3 0.7649 1.6377 2.3534  3.1824  4.5407  5.8409
4 0.7407 1.5332 2.1318 2.7764 3.7469 4.6041
5 0.7267 1.4759 2.0150 2.5706  3.3649  4.0322
6 0.7176  1.4398 1.9432 2.4469  3.1427  3.7074
7 0.7111 1.4149 1.8946 2.3646  2.9980  3.4995
8 0.7064 1.3968 1.8595 2.3060  2.8965  3.3554
9 0.7027 1.3830 1.8331 2.2622 2.8214 3.2498

freedom. The critical values of the ¢ distribution with 10 — 1 = 9 degrees of freedom are
found in Table 5. The alternative hypothesis, Hy, pu # 66.40, u # 322.80, p # 234.15 and
p # 425.76 mL/min for GFR mean of sample A, ERPF mean of sample B, ERPF mean
of sample C and ERPF mean of sample D, respectively, are two-tailed. Thus, the area in
rejection region of the ¢ distribution’s left (lower) tail is 0.025, and the area in rejection
region of the ¢ distribution’s right (upper) tail is also 0.025. From the ¢ table shown in
Table 5, the critical values are £2.2622. The decision rule is

Reject Hy ift < —tg = —2.2622
or if t > tg = 2.2622
otherwise, do not reject H,

Because —2.2622 < t = —0.4733 < 2.2622 for GFR mean of sample A, —2.2622 <
t = 1.6017 < 2.2622 for ERPF mean of sample B, —2.2622 < t = —1.0764 < 2.2622
for ERPF mean of sample C and —2.2622 < t = 0.9836 < 2.2622 for ERPF mean of
sample D, researchers do not reject Hy. These do mean the mean of GFR and ERPF
estimation using the proposed method successfully predicted from ten physicians for one
patient evaluated GFR and all others evaluated ERPF.

4. Discussion. Based on the figures and tables, two main points can be drawn as to the
performance comparison. One point is that, in terms of subjective criteria, the original
GVF snake’s captured range is far from enough to locate the kidneys and it easily be-
came stuck on unwanted features and failed on most of the cases, whereas the proposed
approach succeed in locating the kidneys in cases. Displaying kidneys segmentation on
a dynamic renal scintigraphy is not essential for data processing, however, display aids
in visually evaluation for the quality of kidneys segmentation. The proposed method de-
fined kidneys acceptable on visual inspection in all patients, including those with GFR
and ERPF estimation. The other point is that, according to quantitative analysis, re-
searcher’s approach resulted more preferable results than the original GVF snake. This
does mean the area located by researcher’s approach is more likely as kidney than the
area located by the original GVF snake.

The GFR and ERPF were automatically estimated by a commercial available com-
puter programmer (APEX-XPERT program) and the proposed method has insufficient
evidence to conclude that the mean of estimated GFR and ERPF by the proposed method
differs from the estimated GFR and ERPF by APEX-XPERT program because the null
hypothesis cannot be rejected at the 5% level of significance. Therefore, the proposed
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method presented in this paper can provide suitable kidneys for clinical use with limited
operator intervention and appears to improve the feasibility of reliable estimation of GFR
and ERPF.

However, only as small number of patients were examined in this study. Further vali-
dation should be done in patients with a variety of morphologies and differing function.
To accurately estimate GFR and ERPF using the proposed method, the tightness of the
definition of renal contour should be comparable with that in the institution, where the
equations are developed. This is not warranted when ROIs are manually drawn, and the
determination of the proposed equations may be required for each institution. Improved
interinstitutional reproducibility is inferred to be a merit of reduced physician dependency.
A multifarious trial appearance warrants to assess the accuracy and clinical usefulness of
the camera-based method combined with the automatic kidneys segmentation.

5. Conclusions. In this paper, researchers have presented a new method using adaptive
edge-based active contour models for kidneys segmentation on dynamic renal scintigraphy
with M Tc-DTPA and %™Tc-MAGS3. Firstly, researcher presented an adaptive elastic pa-
rameter to automatically adjust the rigidity of the snake during its evolution towards an
image contour. Secondly, researcher introduced an adaptive balloon force to increase GVF
snake’s capture range and speed up evolution. Finally, researcher proposed a dynamic
GVF force to provide an efficient evolution-stop mechanism. Based on experiments on
segmenting a kidney in renal scintigraphy data, it has shown that the proposed method
is robust to the variation in initial position and efficient in preventing the snake from
breaking through correct contour and locking to other feature points. The method de-
fined visually acceptable ROIs with limited operator intervention and is suggested to be
suitable for clinical use. The camera-based methods using the proposed method allowed
estimation of GFR and ERPF with a high level of accuracy, do no differ from APEX-
XPERT program at the 5% level of significance and negligible interoperator variability.
Researcher’s improved snake is expected to enhance the feasibility of reliable estimation
of GFR and ERPF by a camera-based method. A current limitation of the method is that
is independently deals slice by slice with 2D. As a consequence, researchers do not take
into account the interslice spatial continuity of the gradient, or the possible anisotropy of
the voxels and the principles discussed here apply to 3D.
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