
 

Abstract

Background: A 99mTc-dimercaptosuccinic acid (99mTc-DMSA) scan is used for renal cortical imaging,
specifically for the detection of renal cortical abnormalities, ectopic kidneys, renal scars, etc. Furthermore,
relative renal function (RRF) is performed using 99mTc-DMSA planar imaging and estimated from the
radiopharmaceutical uptake in the kidneys with background subtraction and radiation attenuation correction.
Generally, attenuation correction is calculated from mathematical methods using the kidney depth correction
(KDC) to obtain an accurate renal function value.
Objectives: This research aimed to study the correlation of the RRF after background subtraction with
radiation attenuation correction using the geometric mean (GM) method and KDC according to the Beer-
Lambert law equation.
Methods: Researchers studied the spherical phantom, the kidney phantom, and patients’ data. The phantom
and patient data were acquired via gamma camera imaging. In all of the assessments, the background and
kidney region of interest were created in planar images for subtracting the background counts and calculating
the activity counts in the kidneys. This was used to record and analyze the data and then evaluate the RRF.
Results: For the RRF results with background subtraction and radiation attenuation correction in the
phantom studies, the GM method was consistent with the KDC calculated using the Beer–Lambert law
equation and the true kidney depth (intraclass correlation coefficient (ICC) > 0.8). The patient studies
showed that the RRF results from the GM method correlated with the other KDC methods (R2 > 0.95), and the
GM method was not significantly different from that of the other KDC calculation methods (P > 0.05, ICC >
0.95).
Conclusion: Radiation attenuation corrected with the GM method and KDC calculation using the Beer–
Lambert law equation method can be used to appropriately estimate the RRF in renal cortical imaging.
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In nuclear medicine imaging, renal cortical imaging
with 99mTc-dimercaptosuccinic acid (99mTc-DMSA) is
widely used to assess normal and abnormal renal

function. It is especially beneficial for the detection
of renal parenchymal defects, determining the long-
term prognosis, and establishing appropriate follow-
up.(1) DMSA imaging shows the renal size, shape, and
morphology. Therefore, it is a valuable tool for the
confirmation of nonfunctional multicystic kidneys,
detection of ectopic kidneys, renal scarring, etc.(2-5).
The sensitivity of 99mTc-DMSA imaging is higher than
that of ultrasound and intravenous urography for the
detection of acute and chronic pyelonephritis. (2)

However, the primary reason for performing 99mTc-
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DMSA imaging using a gamma camera is to identify
cortical abnormalities related to urinary tract infection.
Moreover, relative renal function (RRF) is performed
using 99mTc-DMSA planar imaging, which has clinical
importance.

The RRF is measured by renal cortical imaging,
where 99mTc-DMSA is taken up in the left and right
kidney cortex. However, the planar images captured
by the gamma camera of both kidneys do not provide
net activity, as they only display the uptake of the soft
tissue activity. Importantly, the depths of both kidneys
are different. Therefore, background subtraction and
radiation attenuation correction are applied to take this
into consideration.(2, 6) Generally, radiation attenuation
correction is calculated using mathematical methods
with kidney depth correction (KDC) to establish an
accurate renal function value. This research aimed to
study the correlation of the RRF value from the
geometric mean (GM) of the radiation attenuation
correction and KDC using the Beer–Lambert law
equation.

Materials and methods

Patient data collection
This study was reviewed and approved by the
Institutional Review Board (IRB) of the Faculty of
Medicine, Chulalongkorn University (IRB no. 996/64).
Data was collected from 30 patients (age 5.6 ± 5.5
years old) who underwent a 99mTc-DMSA scan at
the Nuclear Medicine section, King Chulalongkorn
Memorial Hospital (KCMH) between 2019 and 2021.
For data analysis, the scans were corrected for anterior
and posterior planar images, and images from both
kidneys did not reveal artifacts in the images.
According to the clinical protocol at KCMH, Thai Red
Cross Society, patients were intravenously injected
with 185 MBq (5 mCi) of 99mTc-DMSA for a patient
with a bodyweight of 70 kg. Static images were
captured 2 h after injection.

Spherical phantom, kidney phantom, and patient
studies
The spherical phantom study began with the
radionuclide preparation.(7) The activity concentration
was calculated from the average of the counts per
pixel in both kidneys divided by the mean background
counts in 10 patients. The average kidney-to-
background activity ratio of these 10 patients was
approximately 4:1. After radionuclide calculation, the

spherical phantom was prepared using 3.7 MBq (0.1
mCi) of 99mTc-pertechnetate in 60 mL of water, and
two spherical vessels were filled with the radionuclide.
Meanwhile, 109.89 MBq (2.97 mCi) of 99mTc-
pertechnetate was resuspended in 9,000 mL of water,
which was used to fill the phantom background. In
spherical phantom imaging, the spherical depth is
variable. At each depth of the sphere, planar imaging
is performed using the same 99mTc-DMSA scan
protocol with a low-energy high-resolution (LEHR)
collimator and a 256 × 256 matrix size. In the kidney
phantom study, we used Oasis to design an object
that was similar in shape and size to that of a human
kidney. Oasis is a trademarked name for wet floral
foam. It is a soft, water-absorbent, readily available
phenolic foam material. This was placed in 55.5 MBq/
350 mL (1.5 mCi/350 mL) of 99mTc-pertechnetate for
approximately 10 min for uniform absorption. After
phantom kidney preparation, they were fixed to a
phantom base and filled with 148 MBq (4 mCi) of
99mTc-pertechnetate in 9,000 mL of water to determine
the phantom background activity. Kidney depth
was variable, and the planar images were acquired
(Figure 1).(7)

Images from 30 patients were acquired using a
gamma camera with a LEHR collimator and a 256 ×
256 matrix size. The patients’ planar images were
corrected from the picture archiving and
communication system. Furthermore, the patient’s data,
sex, age, weight, height, and the patient’s thickness
and kidney depth were recorded in the patient record
form. Finally, we used the anterior and posterior views
of the 99mTc-DMSA images for data analysis.

Data analysis
Planar images from the spherical phantom, the kidney
phantom at every depth, and the patient images were
used to create the kidney and background region of
interest (ROI). The background ROI counts must be
size-normalized to the kidney ROI before subtraction
from the kidney ROI counts. Each ROI was measured
10 times by three researchers to account for inter-
and intra-operator variability estimation. After ROI
determination, the total count, area (pixels),
background count, and background area (pixels) from
the anterior and posterior images were recorded.
(Figures 1 and 2). Kidney net count of both kidneys
is calculated with background subtraction from
equation 1.
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Equation 1:

where
Ckid: Total kidney ROI count
Bgkid: Background of the kidney
CBg : Total background ROI count
No. pixelkid: Number of pixels in the kidney ROI
No. pixelBg : Number of pixels in the background ROI

After the net count in the left and right kidneys is
calculated, radiation attenuation correction is estimated
using the GM and KDC by the Beer-Lambert law
equation. The GM is calculated from equation 2, and
the KDC is calculated from 5 equations (equations
3–7).

Figure 1. (A) Body phantom and two hollow sphere phantoms with radioactivity inside at activity concentration ratio of
1 : 4; (B) Home-made kidney phantoms with radioactivity inside body phantom; (C) Imaging of 2 sphere phantoms of
different diameters and count density; (D) Imaging of kidney phantoms.(7)

Figure 2. Both patient’s kidney and background region of interest (ROI) in (A) anterior; and (B) posterior view.
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Equation 2: Geometric mean

,

where
Co : Net count in the kidney
CA : Net count in the anterior kidney
CP : Net count in the posterior kidney
Rt. : Right kidney
Lt. : Left kidney

Equation 3: Beer-Lambert law(7)

,
where

Co : Net count in the kidney
CP : Net count in the posterior kidney

where
Co (Rt.) :Net count in the right kidney
Co (Lt.) :Net count in the left kidney

Statistical analysis
The RRF values after radiation attenuation correction
were compared for each method. The intracorrelation
coefficient (ICC)(9) and paired sample t-test were
performed using the Statistical Package for the Social
Sciences version 20.0. P <0.05 was considered
statistically significant.

Results
The RRF values were calculated after background
subtraction and radiation attenuation correction using
GM and KDC by the Beer–Lambert law equation.
For the phantom studies, the RRF values with radiation
attenuation using the GM, KDC calculated according
to the Beer-Lambert law equation, and true kidney
depth are shown in Table 1.

Moreover, this study presents the correlation of
the RRF values after radiation attenuation correction
using the GM and KDC with the Beer–Lambert law
methods. This was assessed using a paired t-test with
data from 30 patients, and results of the mean,
variance (S2), Pearson correlation (r), etc., are shown
in Table 2.

Table 2 shows the correlation of the RRF after
radiation attenuation correction between the geometric
mean method was not significantly different from other
kidney depth correction methods (P > 0.05, ICC = 1).
Furthermore, the RRF after attenuation correction
using every equation was compared in Table 3.

where
x  : Kidney depth
d  : Patient thickness (cm)
𝜇  : Attenuation coefficient  of  99mTc in tissue   

(0.2 cm 1)

Equation  4:  Standard  (Tonnesen)(7)

Right kidney depth (cm) = 13.3 (weight/height) + 0.7
Left kidney depth (cm) = 13.3 (weight/height) + 0.7

Equation  5:  Emory(7)

Right kidney depth (cm) = 15.3 (weight/height) + 0.022
(Age) + 0.1
Left kidney depth (cm) = 16.2 (weight/height) + 0.027
(Age) - 0.9

Equation 6: Itho(7)

Right kidney depth (cm) = 13.6361 (weight/height)0.6996

  Left kidney depth (cm) = 14.7577 (weight/height)0.7554

Equation 7: T. Itho(8)

Right kidney depth (cm) = 16.6 (weight/height) + 0.7
Left kidney depth (cm) = 17.1 (weight/height) + 0.1

  However, after the kidney depth is calculated from
equations  3–7,  we  used  the  Beer–lambert  law
equation (equation 8) for the net count in the kidney
calculation. After  attenuation  correction,  the  RRF
value was calculated from equation 9.

Equation  8:

−

x  : Kidney depth
𝜇  : Attenuation coefficient of Tc-99m in tissue  

(0.153 cm 1)
Rt.  : Right kidney
Lt.  : Left kidney

Equation  9:

−
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Table 1. Comparison of correlation (ICC) for the relative renal function after attenuation correction in spherical phantom and
kidney phantom study.

RRF-KDCRRF-GMRRF methods
Kidney                                      Spherical                  KidneySpherical
phantom                                    phantom                    phantomphantom
1.0001.000RRF-KDC

(depth calculation)
RRF-KDC

0.849                                           0.844                           0.8490.844(depth measurement)

KDC, kidney depth correction; GM, geometric mean; RRF, relative renal function.

Table 2. Paired sample t-test between the relative renal function after attenuation correction using geometric mean and Beer-
Lambert law equation with kidney depth correction methods.

KDCGM
Beer-Beer-

Lambert  Tonnesen   Emory     Itho      T.Itho      Lambert  Tonnesen   Emory     Itho         T.Itho
lawlaw

equationequation
Mean 50.0000     50.0000    50.0000   50.0000   50.0000   50.0000     50.0000      50.0000   50.0000  50.0000
Variance (S2) 396.7695  396.7694   396.7694  396.7694  396.7694     396.7695   400.2713     382.2576 397.3471 389.5252
Pearson’s correlation (r)      1.0000         0.9927         0.9811            0.9917           0.9891
P (T ≤ t) two-tail

     
0.569069      1.0000   0.569069     1.0000

RRF - ItohRRF -EmoryRRF -TonnesenRRF -Beer-Lambert lawRRF -GMRRF - methods
1.000RRF -Beer-Lambert law

0.9930.993RRF - Tonnesen
0.9910.9810.981RRF - Emory

0.9911.0000.9920.992RRF - Itoh
0.9980.9980.9890.9890.989RRF - T. Itoh

Table 3. Comparison of the relative renal function after attenuation correction with intra correlation coefficient

GM, geometric mean; RRF, relative renal function.
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Discussion
In this study, the RRF with attenuation correction was
estimated by the GM and KDC by the Beer-Lambert
law method in three studies. From the spherical and
kidney phantom studies, the RRF from the GM was
consistent  with  KDC  using  the  Beer-Lambert  law
equation and the true kidney depth (ICC > 0.8). In
addition, the patient study showed a good correlation
between the RRF from the GM and the KDC via the
Beer-Lambert law equation methods; the GM method
was  not  significantly  different  from  other  KDC
methods in all equations. This aligns with other 
relevant studies.(7, 10)

  The  majority  of  patients  in  this  study  who
underwent  renal  cortical  imaging  were  pediatric
patients. According to the study by Sontrapornpol T,
et  al.(7)  the  KDC  using  the  Beer–Lambert  law
equation  revealed  good  correlation  with  values
obtained from the equations proposed by Tonnesen,

Emory, and Itoh. While no significant differences were
observed among these methods in adult patients, the
differences were significant in pediatric patients. This
supports the validity and applicability of the Beer–
Lambert law equation for estimating kidney depth,
particularly for pediatric patients.

  Furthermore,  the  use  of  the  Beer-Lambert  law
enhances  the  accuracy  of  radiation  attenuation
correction when applying the GM method. As there
was a strong correlation between the GM method and
KDC via the Beer–Lambert law, with no significant
difference,  the   GM  method  is  demonstrated  as  a
reliable approach. All methods used  to  calculate  the
RRF   exhibited   high   intraclass  correlation
coefficients  (ICC  >  0.95),  which  indicates  strong
agreement. Notably,  the  GM  method  exhibited
excellent reliability and offers practical advantages in
clinical settings.  Unlike other methods,  it  does not
require patient-specific parameters, such as weight,
height, or body thickness, thus making it efficient and
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user-friendly for routine clinical use. However, future
research will increase reliability if more examples are
considered (Figure 3).

Conclusion
The calculation of the RRF using radiation attenuation
correction with the GM method did not differ
significantly from other KDC techniques. Therefore,
both attenuation correction approaches are appropriate
and reliable for estimating the RRF in renal cortical
imaging.
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