
Research Article
Relative Ectopic Kidney Function Quantification Using DMSA
Tomoscintigraphy Modality

Ines Njeh ,1,2 Kalil Chtourou,3 and Ahmed BenHamida1,4

1Advanced Technologies for Medicine and Signals (ATMS), Sfax, Tunisia
2Higher Institute of Computer Science and Multimedia of Gabes, Gabes University, Gabes, Tunisia
3Department of Nuclear Medicine, Habib Bourguiba University Hospital, Sfax, Tunisia
4National Engineering School of Sfax, Sfax University, Sfax, Tunisia

Correspondence should be addressed to Ines Njeh; inesnjeh@gmail.com

Received 12 December 2019; Revised 5 April 2020; Accepted 12 May 2020; Published 26 May 2020

Academic Editor: Norio Iriguchi

Copyright © 2020 Ines Njeh et al. 'is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

'e ectopic renal function estimation based on a manual region of interest (ROI) extraction could be considered as time
consuming. It could also affect the clinical interpretation and thus deviate the therapeutic attitude. For this purpose, we propose an
advanced tool to evaluate such function through the dimercaptosuccinic acid (DMSA) kidney scintigraphy scans. Methods. 'e
proposed study has been performed on one hundred patients (fifty cases with normal kidneys and fifty cases with ectopic kidneys).
We present our segmentation problems as several cost functions’ optimization, each containing two terms: (i) a distribution
matching prior, which evaluates a global similarity between distributions, and (ii) a smoothness prior to avoid the occurrence of
small, isolated regions in the solution. Obtained following recent bound-relaxation results, the optima of the cost functions yield
each kidney region in near real time. 'e Dice Metric (DM), the Jaccard Index (JI), and the correlation parameter have been
adopted as validation parameters in order to evaluate the segmentation results. 'e obtained relative function of both kidneys has
been then compared with that evaluated in clinical routine (planar projection) and then validated statistically by the
Bland–Altman plots and the Interclass Correlation Coefficient (ICC). Results. Compared to the expert’s manual kidney seg-
mentation, the obtained results have been judged to be acceptable for clinical use with high Mean Dice Metric (MDM) value and
high Jaccard Index (JI). 'e evaluated relative renal function has been different from those calculated by the projection planar
method usually used in clinical routines. Conclusion. 'e proposed system could efficiently extract the renal region. 'e relative
function estimation could be considered as more accurate. In fact, the background noise correction and the attenuation
phenomenon, which could yield an error measure for renal ectopia, have been avoided. Our clinical staff members have validated
the results and have suggested using such tool in their clinical routines.

1. Introduction

Kidney scintigraphy, also called “renal scan,” is usually used to
explore the relative renal function. It could be adopted especially
to evaluate kidneys’ anatomy and to decide whether they are
running correctly. Such modality uses a special camera, a
computer, and different radiopharmaceuticals which could be
defined as small amounts of radioactive materials [1]. However,
thismedical imaging technique could be performedwith several
radiopharmaceuticals such as technetium-99m dimercapto-
succinic acid (99mTc-DMSA), technetium-99m diethylene-
triaminepentaacetic acid (99mTc-DTPA), technetium-99m

mercaptoacetyltriglycine (99mTc-MAG3), iodine 131 orthoio-
dohippurate (OIH), and more recently technetium-99m eth-
ylenedicysteine (99mTc-EC) [2]. In fact, the use of theDMSA as
a static renal agent could be considered as the highest pre-
dictable method in order to evaluate the relative renal function
[3]. Such exploration could be corrupted in the case of an
ectopic kidney. Indeed, renal ectopia could be defined as an
inborn abnormality where a kidney could be located above,
below, or even on the opposite side of its conventional location.
An ectopic kidney could be considered as a birth defect inwhich
a kidney is located in an abnormal position. In fact, a fetus’s
kidneys first develop as small buds in the lower abdomen inside
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the pelvis. During the first 8 weeks of growth, the fetus’s kidneys
slowlymove from the pelvis to their normal position in the back
near the rib cage.When the kidney stays in the pelvis, it is called
a pelvic kidney. If the kidney crosses to the other side of the
body, it is called crossed renal ectopia. People with an ectopic
kidney have no complaints. In other cases, the ectopic kidney
may create urinary problems, such as urine blockage, infection,
or urinary stones. One in ninety people could be affected by this
anomaly [4]. 'e renal scintigraphy could be perturbed by
several incidents such as the patient movement, the Compton
diffusion, and the attenuation which could be considered as the
most important disturbing factor. Unfortunately, the spine and
the iliac bone could significantly attenuate the emitted photon
in the case of an ectopic kidney. As a consequence, the geo-
metric mean method usually used to correct such attenuation
could be considered as insufficient. On the other hand, the
activity recorded in the renal area could be assimilated to the
sum of two activities: the first one is related to the tracer amount
present in the kidney, and the other is due to the background
noise of the kidneys’ surrounding structure. As a consequence,
the relative function’s evaluation could be corrupted. In order to
avoid these limitations, we propose a new algorithm to evaluate
the relative renal function based on the kidney scan quantifi-
cation. In fact, a segmentation algorithm has been used in order
to delimitate each region of interest (ROI) followed by a renal
count process. Based on the obtained results, we could then
compute the relative function. Several researchers have inves-
tigated the use of scintigraphy scans to delimit the renal region.
'e authors in [5] have proposed a 3D appearance-guided
deformable boundary to extract the kidneys’ region. A fully
automatic approach for kidney region extraction based on a
multiagent system has been improved by Aribi et al. [6]. 'is
algorithm incorporates supervisor and exploratory agents
provided by the spatiotemporal points and utilizes a fast
marching method in order to communicate among agents.
'resholding techniques have been adopted by several re-
searchers.'e single-thresholdmethod has been adopted by [7],
but it has been applied only in high contrast. Double threshold
approach has been developed by [8] in order to identify kidney
region based on amanually identified center. Landgren et al. [9]
have proposed an automatic thresholding algorithm dedicated
to kidney segmentation through a scintigraphy scan. However,
the thresholding-based approaches have several limitations
when detecting the kidney region on low contrast images es-
pecially in the case of low renal function patients. A semiau-
tomatic ROI detection method has been presented by [10]. In
fact, the manually rectangular ROI and the corresponding
background area between the kidneys have been placed for each
kidney. Tian et al. [11] have proposed a semiautomatic renal
region of interest approach in order to evaluate the GRF es-
timation. In order to achieve accurate ROI detection and to
avoid human intervention, fully automatic approaches have
been developed. 'e authors in [12] present a fully automated
kidney extraction based on a shape prior constrained level
set algorithm in order to achieve an accurate Glomerular Fil-
tration Rate (GFR) estimation through nuclear medicine im-
aging using 99mTc diethylenetriaminepentaacetic acid (99mTc-
DTPA). 'e segmentation process has been preceded by a
preprocessing step. 'e authors in [13] have developed a fully

automatic renal ROI estimation system based on the temporal
changes in intensity counts, intensity-pair distribution image
contrast enhancement method, adaptive thresholding, and
morphological operations that can locate the kidney area and
obtain the GFR value from a (99m)Tc-DTPA renogram. 'e
study in [14] presents the AUTOROI algorithmwhich has been
developed to totally automatically detect whole-kidney contours
and generate renal ROI for the extraction of the quantitative
measurements used in the interpretation of Tc-mercaptoace-
tyltriglycine (Tc-MAG3) renograms.

'e aim of this study is to present a more accurate
relative ectopic renal function evaluation tool compared to
those obtained in clinical routines. 'e fully automatic ROI
extraction offers the possibility of better quantifying the
kidney region by avoiding the background noise corruption
and the attenuation phenomenon.

'e main contributions of this research are as follows:

It is the first work dealing with the ectopic kidney
anomalies through the dimercaptosuccinic acid
(DMSA) kidney scintigraphy scans
'e proposed algorithm is fully automatic and presents
great performance
'e use of such algorithm could modify the action to be
conducted

2. Materials and Methods

2.1. Subjects. Fifty normal cases (24 men and 26 women; age
range 29–60) and fifty ectopic patients (29 men, 21 women; age
range, 31–55) who have been subjected to kidney scintigraphy
with 99mTc-DMSA in order to diagnose their kidney disorders
have been considered in this study. Fifty patients had a normal
scan, and the other fifty exhibited an ectopic kidney.

2.2. ImagingProcedures. A good hydration has been suggested
before and after radiotracer injection. 'irty-five minutes after
the oral consumption of water or intravenous solution ad-
ministration, the patient has been injected with radioactive
technetium-99m combined with dimercaptosuccinic acid
(DMSA). After 2–6 hours, the static imaging could be per-
formed using a gamma camera. Imaging could take nearly 5–10
minutes. 'e tomographic acquisition has been considered, in
this work, since it allows us to obtain a projection in three plans.
Such acquiring could give us a more precise analysis of the
radiopharmaceuticals repartition on each kidney.

2.3. Standard Method. In clinical routines, the planar
quantification technique has been adopted to compute the
relative renal function through the anterior and the posterior
projection. However, the registered renal computation could
be considered as different from the real activity fixed on the
renal cortex. In fact, the background as well as the atten-
uation phenomenon due to the structure situated between
the kidney and the gamma camera detector could be re-
sponsible for this difference. For this reason, we should
realize some correction in order to correct the relative renal
function value.
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2.3.1. Background Noise Correction. 'e extrarenal and the
intrarenal component could be considered as the two
principal renal background components. 'e extrarenal
component, known also as interstitial, could include ex-
travascular as well as intravascular parts. 'e intravascular
part could drop quickly during the first minutes after the
injection [15]. At the same time, the extrarenal background
could moderately grow [16]. 'e two components could
decrease or flatten depending on the extrarenal region
vascular structure [17].

As illustrated in Figure 1, manually created regions of
interest (ROI) have been drawn on both posterior and
anterior projections wrapping each renal ROI and its cor-
responding background noise [18]. Qb represents the total
count of each kidney, and QF represents the background
noise count.

'e corrected total renal count could be computed by

QBC � Qb − NQb
∗

QF

NQF

, (1)

where QBC represents the corrected total renal count, Qb
represents the total renal count, NQb

represents the pixel
number of the renal region of interest, NQF

represents the
pixel number of the background region, and QF represents
the background region count.

2.3.2. Attenuation Correction. Right and left kidneys are not
localized in the same depth. Generally, the left kidney is
closer to the posterior side compared to the right kidney.
Such difference in depth could yield corrupted relative renal
function quantification [19]. In clinical routines, the mean
geometric method has been used in order to correct the
kidney depth based on the anterior and the posterior pro-
jection [20]. 'e ameliorated renal count after the attenu-
ation correction could be computed by

QAC �
���������
Cant ∗Cpost


∗ e

μd
, (2)

where QAC represents the attenuation corrected renal count,
Cant represents the anterior saved count, Cpost represents the
posterior saved count, μ is the attenuation coefficient of the
soft part and is fixed to 1.43 cm−1, and d is the patient’s
kidney depth.

'e renal depth (d) has been calculated from the dif-
ference between the kidney region gravity center and the two
mean points’ position in both anterior and posterior di-
rection [21].

2.3.3. Relative Renal Function Quantification. After the
attenuation correction (AC), the relative renal function
quantification could be computed as follows:

RFright �
Q

right
AC

Q
right
AC + Qleft

AC

∗100,

RFleft �
Qleft

AC

Q
right
AC + Qleft

AC

∗100,

(3)

where a
right
AC and Qleft

AC are, respectively, the right renal count
and the left renal count obtained after the attenuation
correction (AC).

2.4. Planar Projection Limitation. 'e geometric mean
method could be considered as inconvenient for the planar
projection. In fact, such method assumes that the traversed
structures are always homogeneous and identical for the two
kidneys. Such supposition could be considered as inap-
propriate especially in the ectopic kidneys case. Indeed, the
bone structures (iliac bone and lumbar spine) are more
attenuating than the soft parts [22]. In addition, this tech-
nique estimates that the posterior depth traversed by the
emitted photons is always identical (abdominal depth) for
both kidneys. Such condition could not be satisfied in the
case of pelvic ectopic kidney. 'at is why we could conclude
that themean geometric technique is unreliable in the case of
ectopic kidney. For this reason, we have adopted a new
technique in order to evaluate the relative renal function
based on the renal region extraction through tomoscintig-
raphy scans. In fact, such procedure could eliminate the
planar projection limitation and thus provide a more ac-
curate diagnosis.

2.5. ROI Extraction. 'e proposed segmentation approach
has been used previously to segment brain tumor on both 2D
[23] and 3D [24]Magnetic Resonance Imaging. In this work,
we have adopted the algorithm in order to extract the kidney
region from the scintigraphy scans.

'e proposed algorithm does not require an excessive
training. It utilizes only the image information.We defineΦs
as a fragment of the total image domain including the kidney
region. Figure 2 illustrates a typical example in which Φs
represents the zone containing the kidney andΦs the tissues
surrounding the kidney whose intensity distribution most
closely matches the defined model D. 'e obtained zone
represents the complement of the kidney region in Φs, thus
the kidney region which is our objective. We describe the
problem as energy function optimization containing (1) an
intensity distribution matching term which computes a
global similarity among nonparametric distributions and (2)
a smoothness term used to inhibit the development of
limited isolated zone in the result. 'e algorithm requires
very little iteration to converge, thus offering a nearly real-
time simulation.

Right kidney Le� kidney

Background noise

Figure 1: Background noise illustration.
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In order to defineΦs andΦs, we should divide the image
into two parts. 'e user should only choose between three
options: “right kidney,” “left kidney,” and “two kidneys.” For
the first and the second options, a vertical line has been used
in order to define the region containing the kidney and the
region including only the safety parts by dividing the image
into two different parts. For the last option, a horizontal line
has been chosen. 'e division process has been achieved
automatically based on the user choice as illustrated in
Figure 3.

Figure 4 illustrates the flowchart of the proposed algo-
rithm adopted to extract the kidney region through the
DMSA tomoscintigraphy modality.

2.6. Formulation. We consider Ii � I(i): Φs ⊂ R2 as an
image function representing a fixed domain Φs. Φs rep-
resents a part from the image which contains the kidney
region (corresponding to the left hand part in Figure 2). Let
M be the total image domain. We could define Φs � M/Φs
designating the complement region of Φs inM. D represents
the distribution kernel density estimation of an image data
inside Φs expressed as follows:

∀x ∈ R, D(x) �
i∈Φs

Kx Ii( 

A Φs( 
, (4)

where A(Φs) represents the pixel number in the region
Φs ⊂M and Kx(·) is the usually Gaussian kernel function:

Kx(y) �
1

����
2πσ2

√ exp −
x − y

2σ2
 . (5)

We could consider Kx(·) as a Dirac function in order to
obtain a normalized histogram.D represents the prior model
that includes the totality of statistical information about the
part which does not contain the kidney.'e principal step of
the algorithm resides in detecting within Φs (i.e., the part
which does not contain the kidney) a region E whose in-
tensity distribution most closely matches the model D (right
hand side in Figure 2). Such region provides the safety
tissues inΦs and, as a consequence, the kidney region which
is our target.

'e problem could be stated as the minimization of a
discrete function conducive to binary labeling Lx � Lx:

Φs⟶ 0, 1{ }, characterizing a variable partition of Φs : E �

x ∈ X /Lx � 1  matching the safety tissues and its coun-
terpart in Φs , E � x ∈ X /Lx � 0  � Φs \E corresponding
to the kidney region.

To obtain the optimal labeling, we should minimize a
global cost function including a distribution matching
constraint based on the Bhattacharyya measure and a
smoothness constraint. In order to introduce the cost
function, we should suggest the succeeding notations for any
binary labeling Lx � Lx: Φs⟶ 0, 1{ }:

(i) E is the variable region provided by
E � x ∈ X/Lx � 1  ⊂ Φs .

(ii) PE could be defined as the Kernel Density Estimate
(KDE) of the image data distribution inside the
region E � x ∈ X/ Lx � 1 

PE(x) �
x∈EKx Ix( 

A(E)
, ∀x ∈ X. (6)

(iii) B(f, g) is the Bhattacharyya coefficient used to
evaluate the overlap amount between two different
distributions f and g:

B(f, g) � 
x∈X

���������

f(z).g(z)



. (7)

'e algorithm resides in detecting the optimal labeling
Lopt which minimizes the presented cost function:

L
opt

� min
L

C(L), (8)

with

C(L) � S PE , D(  + c E(L)

s.t E �
x ∈ P

Lx � 1
 .

(9)

S could be defined as the distribution matching con-
straint obtained by the negative Bhattacharyya coefficient:

S PE, D(  � −B PE, D(  � − 
x∈X

PE(x) · D(x). (10)

E(L) is a regularization prior used in order to minimize
the boundary partition length [25].

Intensity

D

D
ist

rib
ut

io
n

E

E
Argmax S(PE, D)

Фs
Фs

Figure 2: Main steps of the proposed algorithm.
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E(L) � 

x,y{ }∈N

Sx,y δLx�Ly
,

(11)

with

δi≠j �

1, if i≠ j,

0, if i � j,

⎧⎪⎨

⎪⎩

Si,j �
1

‖i − j‖
.

(12)

N could be defined as some neighborhood system in-
cluding all pairs {i, j} of neighboring elements in Φs. 'e
regularization prior prevents the small isolated regions
development in the solution. c represents a positive constant
that adjusts the relative distribution matching contribution
and the regularization term. Lopt yields then an optimal
boundary-smooth region, Eopt � x ∈ X/Lopt

x � 1 , whose
intensity distribution most closely matches D. 'e obtained
optimal region corresponds to the tissues region in Φs. As a
consequence, the kidney region could be finally deduced
from Lopt as follows:

E
Kidney

� Φs\E
opt

�
xεX

L
opt
x � 0

 . (13)

3. Results

3.1. Quantitative Evaluation. One senior clinician who has
several years of experience in renal evaluation manually
drew the region of interest (ROI) as in the routine clinical
procedure. Such manual segmentation has been considered
as a ground truth. In order to validate the obtained results,
quantitative evaluation and statistical analysis have been
conducted in order to assess the performance of the pro-
posed tool. In fact, 'e Dice Metric (DM) parameters as well
as the Jaccard Index (JI) have been used to compare the
obtained segmentation result with the manual ROI ex-
traction provided by the expert.

3.2. Dice Metric. For the segmentation results’ evaluations,
the Dice Metric (DM) has been adopted as a validation
parameter. DM is frequently used, in the literature, to gauge
the closeness between the automatic segmentation results
and the reference (ground truth or expert manual seg-
mentation) [26, 27]. DM could be defined as follows:

DM �
VAM

VA + VM
, (14)

where VA, VM, and VAM represent, respectively, the auto-
matically segmented region, the expert manual segmenta-
tion, and the intersection between them. DM has a value in
[0, 1]. 1 indicates a perfect similarity between the two
segmentations. A higher DM validates the algorithm
performance.

3.3. Jaccard IndexCoefficient. A second validation parameter
has been adopted in this work in order to assess the proposed
segmentation algorithm performance.'e Jaccard Index (JI)
[28] has been usually used in order to measure the similarity
and the overlap between the obtained results and the manual
segmentation. It could be defined as

JI �
VA ∩VM




VA ∪VM



, (15)

where VA and VM represent the automatically segmented
region and the expert manual segmentation. 'e Jaccard
Index (JI) could have a value in [0, 1]. 1 indicates a perfect
match between the two segmentations. A higher Jaccard
Index (JI) affirms the algorithm performance.

3.4. Statistical Analysis. 'e correlation [29] between the
manual segmentation and the obtained result has been
evaluated in order to verify the performance of the proposed
method. 'e Bland–Altman [30] plots have been drawn and
the Interclass Correlation Coefficient (ICC) has been
computed in order to compare the obtained relative ectopic
kidney function with those computed by the planar quan-
tification usually adopted in clinical routines.

ФsФs

(a)

Фs

Фs

(b)

Фs Фs

(c)

Figure 3: Illustration of the definition of Φs and Φs region: (a) left kidney, (b) two kidneys, and (c) right kidney.
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'e MedCalc software has been used to realize the
statistical analysis during this research.

3.5. Ectopic Kidney Segmentation. In this section, we report
the segmentation results obtained by the application of the
proposed methodology to the clinical dataset. Several visual
typical illustrations through different ectopic kidney scans

will be also presented. 'e Mean Dice Metric (MDM), the
Mean Jaccard Index (MJI), and the correlation have been
adopted as validation parameters in order to evaluate the
proposed algorithm performance.

Figure 5 shows the obtained result of an ectopic kidney
patient. 'e blue curve represents the obtained right kidney
boundary, the red line corresponds to the left kidney
boundary, and the yellow curve involves the manual seg-
mentation performed by an expert. 'e obtained binary
mask for the considered ROI is represented by Figure 5(c).
'e ROI extraction illustrated by Figure 5(d) will be used to
evaluate the relative ectopic kidney function. 'e proposed
algorithm requires only four iterations and grants automatic
segmentation in 0.35 s.

Figure 6 illustrates an ectopic and hydronephrosis pa-
tient. 'e blue curve represents the obtained right kidney
boundary, the red line corresponds to the left kidney
boundary, and the yellow curve involves the manual seg-
mentation performed by an expert. 'e obtained binary
mask for the considered ROI is represented by Figures 6(c)
and 6(g). 'e ROI extraction illustrated by Figures 6(d) and
6(h) will be used to evaluate the relative ectopic kidney
function. 'e proposed algorithm requires only three iter-
ations and grants automatic segmentation in 0.25 s.

We could conclude that the proposed algorithm requires
few iterations (less than 5) to handle a kidney scan in near
real time (less than 0.5 seconds).

Table 1 illustrates the Mean Dice Metric (MDM) and the
Mean Jaccard Index (MJI) through the different right kidney of
clinical cases (fifty normal patients and fifty ectopic patients).

We have computed the Dice Metric (DM) parameter as
well as the Jaccard Index (JI) between the obtained result and
the manual segmentation for each patient on all slices, and
we have, then, evaluated the mean value on the patient’s
totality (50 normal patients and 50 ectopic cases). We could
notice that the proposed method presents a great perfor-
mance since the MDM is about 0.9874 for normal patients
and 0.9725 for ectopic cases. 'e MJI is 0.9741 for normal
patients and 0.9654 for ectopic patients, which could validate
the performance of the proposed algorithm.

Table 2 illustrates the Mean Dice Metric (MDM) and the
Mean Jaccard Index (MJI) through the different left kidney
of clinical cases (fifty normal patients and fifty ectopic
patients).

We have computed the Dice Metric (DM) parameter as
well as the Jaccard Index (JI) for the obtained result and the
manual segmentation for each patient on all slices, and we
have, then, evaluated the mean value on the patient’s totality
(50 normal patients and 50 ectopic cases). We could notice
that the proposed method presents a great performance
since the MDM is about 0.9877 for normal patients and
0.9791 for ectopic cases. 'e MJI is 0.9798 for normal pa-
tients and 0.9685 for ectopic patients, which could validate
the performance of the proposed algorithm.

In order to assess the performance of the proposed
segmentation algorithm, we have computed the correlation
between the obtained result and the manual segmentation.
We have chosen the central slice and we have computed the
intensity in the ROI part.

Start

Input 2D image

Auxiliary labeling initialization
Lα(x) = L0(x) = 1 ∀ x ∈ X

Update Lα by Lα = Lopt

Decrease α (α = αρ with ρ > 1)

Convergence

Yes

No

Optimal boundary smooth non kidney
Eopt = {x ∈ X/Lx

opt = 1}

Kidney region EKidney = Φs\Eopt = {x ∈ X/Lx
opt = 0}

End

α initialization α = α0 with 0 < α0 < 1

Auxiliary function optimization
Max Flow Graph Cut Algorithm

Lopt = min C (L)
L

Figure 4: Flowchart of the proposed kidney segmentation
algorithm.
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'e scatter plot of the ROI intensity obtained using both
the manual segmentation and the automated method for the
right kidney of the normal patients is shown in Figure 7. 'e
correlation between these two approaches was found to be
y� 0.975− 0.00755 (r� 0.97).

'e scatter plot of the ROI intensity obtained using both
the manual segmentation and the automated method for the
left kidney of the normal patients is shown in Figure 8. 'e
correlation between these two approaches was found to be
y� 1.007x− 1.037 (r� 1).

'e scatter plot of the ROI intensity obtained using both
the manual segmentation and the automated method for the
right kidney of the ectopic patients is shown in Figure 9. 'e
correlation between these two approaches was found to be
y� 1.000x− 0.981 (r� 1).

'e scatter plot of the ROI intensity obtained using both
the manual segmentation and the automated method for the
left kidney of the ectopic patients is shown in Figure 10. 'e
correlation between these two approaches was found to be
y� 0.997x− 0.173 (r� 1).

3.6. Relative Function Evaluation. As mentioned in the
previous section, the relative function evaluation could affect
the clinical prognosis especially in ectopic kidney. In this
part, we present the obtained value by applying the proposed

methodology and the results provided by the planar
quantification method.

A statistical analysis has been performed, using the
MedCalc software, in order to assess the performance of the
proposed method especially in the case of ectopic kidney. In
fact, the Bland–Altman plots comparing the obtained result
and those computed by the planar quantification have been
drawn. 'e Interclass Correlation Coefficient (ICC) [31] has
been also computed in order to compare the obtained rel-
ative function and those computed by the planar
quantification.

Figure 11 illustrates the Bland–Altman plot for the right
kidney in fifty normal cases. We could notice that the ob-
tained relative function and those obtained by the planar
quantification method could be considered as similar.

Table 3 illustrates the Interclass Correlation Coefficient
(ICC) of the obtained relative function and the planar
quantification method for the right kidney in fifty normal
cases. 'e ICC value is nearly 1, which could verify the
similarity between the considered values.

Figure 12 illustrates the Bland–Altman plot for the left
kidney in fifty normal cases. We could notice that the ob-
tained relative function and those obtained by the planar
quantification method could be considered as similar.

Table 4 illustrates the Interclass Correlation Coefficient
(ICC) of the obtained relative function and the planar

(a) (b)

(c) (d)

Figure 5: Ectopic kidney segmentation: (a) input image; (b) segmented image, where the right kidney is delimited by the blue line, the left
kidney is delimited by the red line, and themanual segmentation is represented by the yellow line; (c) binary ROI extraction; (d) ROI extraction.
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quantification method for the left kidney in fifty normal
cases. 'e ICC value is nearly 1, which could verify the
similarity between the considered values.

Figure 13 illustrates the Bland–Altman plot for the right
kidney in fifty ectopic cases. We could notice that the ob-
tained relative function and those obtained by the planar

quantification method could be considered as different,
which could modify the action to be conducted in clinical
routines.

Table 5 illustrates the Interclass Correlation Coefficient
(ICC) of the obtained relative function and the planar
quantification method for the right kidney in fifty ectopic
cases. 'e ICC value is not near 1, which could confirm the
difference between the obtained results and the values ob-
tained by the planar quantification method.

Figure 14 illustrates the Bland–Altman plot for the right
kidney in fifty ectopic cases. We could notice that the ob-
tained relative function and those obtained by the planar

Table 1: Mean Dice Metric (MDM) and Mean Jaccard Index (MJI)
evaluation for both normal and ectopic patients (right kidney).

Mean Dice Metric
(MDM)

Mean Jaccard Index
(MJI)

Normal
patients 0.9847 0.9741

Ectopic
patients 0.9725 0.9654

Table 2: Mean Dice Metric (MDM) and Mean Jaccard Index (MJI)
evaluation for both normal and ectopic patients (left kidney).

Mean Dice Metric
(MDM)

Mean Jaccard Index
(MJI)

Normal
patients 0.9877 0.9798

Ectopic
patients 0.9791 0.9685
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Figure 7: Correlation of the manual segmentation and automated
segmentation methods for the right kidney of the normal patients.
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Figure 6: Ectopic and hydronephrosis kidney segmentation: (a, e) input images; (b, f ) segmented images, where the right kidney is delimited
by the blue line, the left kidney is delimited by the red line, and the manual segmentation is represented by the yellow line; (c, g): binary ROI
extraction; (d, h) ROI extraction.
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quantification method could be considered as different,
which could modify the action to be conducted in clinical
routines.

Table 6 illustrates the Interclass Correlation Coefficient
(ICC) of the obtained relative function and the planar
quantification method for the left kidney in fifty ectopic
cases. 'e ICC value is not near 1, which could confirm the
difference between the obtained results and the values ob-
tained by the planar quantification method.
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Figure 8: Correlation of the manual segmentation and automated
segmentation methods for the left kidney of the normal patients.
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Figure 9: Correlation of the manual segmentation and automated
segmentation methods for the right kidney of the ectopic patients.

70

60

50

40

30

20

10

0

M
an

ua
l s

eg
m

en
ta

tio
n

6050403020100
Proposed method

y = –0,173 + 0,997x
n = 50
r = 1,00; P < 0,001

Figure 10: Correlation of the manual segmentation and automated
segmentation methods for the left kidney of the ectopic patients.
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Figure 11: Bland–Altman plot for the right kidney in fifty normal
cases.

Table 3: 'e Interclass Correlation Coefficient evaluation of the
obtained relative function and the planar quantification method for
the right kidney in 50 normal cases.

Interclass
Correlation

95% confidence
interval

Single measures 0.9950 0.8451 to 0.9987
Average
measures 0.9975 0.9161 to 0.9994
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Figure 12: Bland–Altman plot for the left kidney in fifty normal
cases.

Table 4: 'e Interclass Correlation Coefficient evaluation of the
obtained relative function and the planar quantification method for
the left kidney in 50 normal cases.

Interclass
Correlation

95% confidence
interval

Single measures 0.9952 0.8454 to 0.9988
Average
measures 0.9976 0.9163 to 0.9994
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Figure 13: Bland–Altman plot for the right kidney in fifty ectopic
cases.
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We could notice the difference between the obtained
values and the planar quantification results. Such difference
could explain the advantage of the proposed method. In fact,
it provides a more accurate evaluation since it is not affected
by the background noise and the attenuation phenomenon.

4. Discussion

In this work, we have adopted corrected tomoscintigraphic
renal scans. In fact, a specific attenuation coefficient card
for each patient has been obtained during the acquisition
process. In clinical routines, the planar quantification has
been used to compute the relative kidney function of both
normal and ectopic kidney. It uses the anterior and the
posterior projection which are corrected by the mean
geometric method. An attenuation phenomenon consid-
eration as well as a background correction has been sug-
gested in order to reduce the error value. 'e relative renal
function computed by the planar quantification technique
has been provided by our clinical staff in order to make a
comparative study. However, the mean geometric method
supposes that the traversed anteroposterior thickness

(abdominal thickness) could be considered as similar for
the two kidneys. It considers that the attenuation coeffi-
cient is constant, and it is μ � 1.45 cm− 1. 'is condition is
only available for the normal patients when the kidneys are
located in their original places. As a consequence, the
computation of the relative renal function by the planar
quantification could be considered as acceptable (Tables 3
and 4). However, this method will not be performed in the
case of ectopic kidney since the structure thickness tra-
versed by the anterior and the posterior photons is in-
homogeneous and did not present the same thickness for
the two kidneys (Tables 5 and 6). 'e patient presented as
Case 3 had an ectopic and hydronephrosis right kidney.'e
scatter and the background noise values have been sig-
nificantly increased by the radioactive urine stasis. 'e
difference between the value obtained by the proposed
method and that by the planar quantification method is
nearly 7%. Such difference could change the therapeutic
attitude. We could conclude that the proposed method
based on scintigraphy scan segmentation could present
more advantages than the planar quantification usually
used in clinical routines, since it helps to avoid the at-
tenuation phenomenon and reduce the background noise.
As a consequence, we recommend the use of the proposed
technique in clinical routines especially in the case of ec-
topic and even hydronephrosis kidneys.

5. Conclusion

In this work, we have proposed an advanced approach to
evaluate the relative renal function through the 99mTc-
DMSA tomoscintigraphic scans in near real time. 'e
segmentation results have been validated by our clinical staff.
'e Mean Dice Metric (MDM) parameter as well as the
Mean Jaccard Index (MJI) has been adopted to compare the
manual expert segmentation and the obtained result. 'e
correlation parameter has been computed in order to sta-
tistically validate the obtained segmentation results. 'e
higher MDM, the higher MJI, and the higher correlation
values could thus verify the performance of the proposed
segmentation algorithm. 'e proposed algorithm aims to
calculate the relative renal function without the influence of
the attenuation phenomenon and the background noise
problem which could be considered as error source in the
planar quantification technique usually used in clinical
routines. 'e obtained results have been statistically vali-
dated by the Bland–Altman plots and by the Interclass
Correlation Coefficient (ICC) computation. 'e use of such
algorithm could change the therapeutic attitude especially in
the case of ectopic and even hydronephrosis kidney.
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Table 5: 'e Interclass Correlation Coefficient evaluation of the
obtained relative function and the planar quantification method for
the right kidney in 50 ectopic cases.

Interclass
Correlation

95% confidence
interval

Single measures 0.7792 −0.01099 to 0.9483
Average
measures 0.8759 −0.02223 to 0.9734
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Figure 14: Bland–Altman plot for the left kidney in fifty ectopic
cases.

Table 6: 'e Interclass Correlation Coefficient evaluation of the
obtained relative function and the planar quantification method for
the left kidney in 50 ectopic cases.

Interclass
Correlation

95% confidence
interval

Single measures 0.7003 −0.02173 to 0.9202
Average
measures 0.8238 −0.04442 to 0.9584
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