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Renal function reconstruction and modeling in
dynamic scintigraphy
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Abstract

Dynamic renal scintigraphy is a key imaging technique for assessing renal function
using time-activity curves (TACs), which represent radiotracer uptake and clearance.
TAC accuracy depends on the region of interest (ROI) selection and the modeling
approach used. This study aims to: (i) Reconstruct TACs manually using gray-level
values in scintigraphic images and compare them to machine-generated TACs using
key kinetic parameters (T T, and the 30-min min/max ratio); and (ii) evaluate
the effectiveness of a one-compartment empirical mathematical model for TAC
fitting and its physiological relevance. Twelve clinical cases were analyzed, with TACs
reconstructed manually using a rectangular ROI selection method and compared
to those automatically generated by the scintigraphy machine. An empirical
mathematical fitting function was developed to improve TAC fitting. Manually
reconstructed TACs showed better dynamic behavior and physiological accuracy over
machine-generated TACs, particularly due to differences in ROl selection and signal
processing. Using gray-level values instead of raw radioactive counts enhanced the
depiction of kidney dynamics. The proposed mathematical model demonstrated a
strong correlation (R? close to 1) and low error metrics, confirming its suitability for
renal function assessment. While a free-hand ROI selection may improve accuracy,
the rectangular method gives valuable results for the considered cases. This study
highlights the importance of ROI selection in TAC reconstruction and demonstrates
how manual methods and mathematical modeling can enhance renal functional
assessment in clinical practice. Future work should validate these findings in larger
datasets and assess the reproducibility of the proposed approach across different
patient populations and imaging systems.

Keywords: Dynamic renal scintigraphy; Time-activity curve; Kinetic parameters;
Mathematical modeling; Renal function assessment

1. Introduction

Dynamic renal scintigraphy is a diagnostic imaging technique used to assess the function
and blood flow of the kidneys. It involves injecting a small amount of radioactive tracer,
usually technetium-99m diethylene triamine penta-acetic acid or technetium-99m
mercaptoacetyltriglycine (MAG3), into the bloodstream. As the radioactive tracer
circulates through the bloodstream, it is filtered by the kidneys and excreted into the
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urine. A gamma camera is used to detect the radiation
emitted by the tracer, allowing the visualization of the
kidneys and the urinary system in real time. Dynamic
renal scintigraphy provides valuable information about
renal function, including glomerular filtration rate (GFR),
renal blood flow, and tubular function. It is commonly
used in renal function evaluation, renal transplant
assessment, and various kidney disorder diagnoses, such
as hydronephrosis, renal obstruction, and renal artery
stenosis. The “dynamic” aspect of the procedure refers
to the continuous imaging of the kidneys over a period
of time, typically several minutes, allowing clinicians to
observe the tracer’s movement through the renal system
and assess kidney function dynamically. This dynamic
imaging is often accompanied by static images taken at
specific time points to provide additional information.

Renal function modeling in dynamic scintigraphy uses
mathematical algorithms to analyze imaging data and
assess renal function. This allows a more comprehensive
assessment of renal function beyond simple visual
observation. The typical steps for renal function
reconstruction and modeling are:

(i) Data acquisition: Dynamic renal scintigraphy involves

acquiring a series of images over time as the radioactive

tracer circulates through the kidneys. These images
are typically obtained using a gamma camera.

Image processing: The acquired images are processed

to correct for factors such as background noise, scatter,

and attenuation. This ensures the accuracy of the data
used for analysis.

(iii) Region of interest (ROI) selection: ROIs are delineated
on the images to isolate the kidneys and other relevant
structures, such as the bladder and blood vessels.

(iv) Time-activity curve (TAC) generation: The intensity of

the radioactive tracer within the kidneys is measured

over time to create TACs. These curves represent the
uptake, distribution, and clearance of the tracer within
the kidneys.!

Renal function parameters: Various parameters can

be derived from the TACs to assess renal function,

including:

e GFR: GFRis a key indicator of renal function and
can be estimated from the rate of tracer clearance
from the blood.

e  Renal blood flow: The perfusion of blood through
the kidneys can be estimated from the initial
uptake and distribution of the tracer.

e Tubular function: Parameters such as tubular
extraction rate and tubular secretion rate can be
derived from the TACs to assess tubular function.

(vi) Modeling techniques: Mathematical models, such
as compartmental models and deconvolution

(ii)

(v)

techniques, can be applied to the TACs to reconstruct
the underlying physiological processes involved in
renal function. These models help to quantify and
analyze the data in a more detailed manner.

(vii) Clinical interpretation: The derived parameters and
modeling results are interpreted in the context of the
patient’s clinical condition to aid in diagnosis and
treatment planning. Abnormalities in renal function
parameters can indicate various renal disorders, such
as renal artery stenosis, obstruction, or impaired renal
function.

Renal function reconstruction and modeling in dynamic
scintigraphy play a valuable role in the assessment of renal
function and can provide valuable insights for clinicians in
the diagnosis and management of renal diseases.

TAC:s play a critical role in dynamic renal scintigraphy
by quantitatively assessing renal function based on tracer
kinetics. Traditional TACs are generated automatically
by scintigraphy machines using predefined algorithms
and standard ROI selection techniques, typically based
on radioactive counting. However, these machine-
generated TACs may not fully capture the physiological
dynamics of renal function due to their dependence on
fixed ROI placement and automated signal processing
methods.? In addition, standard one-compartment models
used in renal function modeling assume homogeneous
tracer distribution, which may not accurately represent
complex renal clearance mechanisms. While alternative
models, such as multi-compartment or physiologically
based models, offer more detailed representations,
they are computationally intensive and not widely
implemented in clinical practice. Moreover, manual TAC
reconstruction, which can provide a more physiologically
relevant representation by incorporating gray-level value
measurements, remains underexplored. There is also a lack
of studies comparing different ROI selection techniques,
such as rectangular versus free-hand approaches, and their
impact on TAC accuracy. To address these gaps, this study
aims to assess the accuracy of manually reconstructed
TACs, validate an empirical mathematical model for renal
function evaluation, and explore the influence of ROI
selection methods on TAC accuracy.

The main objective of this work is to experimentally
reconstruct TACs from clinical dynamic scintigraphy data
and compare them with those automatically generated
by the scintigraphy machine based on the main kinetic
parameters that can be extracted from clinical TACs.>®
The second objective is to compare rectangular and free-
hand ROI selection methods using six additional cases.
The third objective is to evaluate empirical mathematical
fitting functions and a one-compartment model used for
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the construction of TACs by modeling the physiological
processes in the kidneys.

2. Materials and methods
2.1. Dynamic renal scintigraphy

In this work, the GE Discovery NM630 Gamma camera
(GE Hualun Medical Systems Co, China was used for
imaging data collection and clinical TAC construction.
This camera is used in nuclear medicine for many purposes,
including dynamic renal scintigraphy. It is a specialized
gamma camera designed for high-resolution imaging
with enhanced sensitivity and speed. The camera detects
the gamma rays emitted by the radiopharmaceutical and
creates images that show the distribution and function of
the kidneys over time. During dynamic renal scintigraphy
with the GE Discovery NM630 Gamma camera, multiple
images are taken at different time points after the injection
of the radiopharmaceutical. This allows for the assessment
of renal blood flow, GFR, renal function, and the detection
of any abnormalities such as obstruction or reflux. The
dynamic images produced by this technique provide
information to healthcare professionals for the diagnosis
and management of various kidney disorders, including
renal artery stenosis, renal transplant evaluation, and
renovascular hypertension. In addition, it can help in the
evaluation of renal function before and after interventions
such as surgery or renal artery angioplasty.

The data used in this study were collected from patients
who underwent dynamic renal scintigraphy over the past
2 years at the Babor Medical Clinic. In compliance with
local regulations, data were anonymized by enabling
the anonymization option in the DICOM files before
extraction. Dynamic renal scintigraphy began immediately
after the intravenous injection of TC-99m diethylene
triamine penta-acetic acid (DTPA), with the dose based on
the patient’s weight and other factors, and by considering
12 healthy and pathogenic cases from the Setif region
(Algeria) with different sexes and ages. The detectors
were positioned in an H-shaped configuration over the
abdomen, and the patient was placed in the supine position.
Dynamic renal scintigraphy was performed according to
standard protocols.® In the imaging protocols used in this
work, 30 frames were captured during the 1% min, and
then 90 frames were captured at a sequence of three frames
per minute. The image acquisition process continued for
a total duration of 30 min to monitor the tracer uptake,
distribution, and clearance in the kidneys. “Xeleris GE
health care (USA),” was used to automatically generate
the clinical TAC, allowing clinicians to select the ROI
corresponding to the two kidneys and background on the
image sum of all captured frames. It is necessary to ensure

that the entire kidney (for functional determination) and
the renal pelvis (for pyelocaliceal drainage) are included
in the ROL A larger ROI is preferred over a narrowly
surrounding region around the kidney.

From the established TAC, the parameters characterizing
the kinetics of renal function that can be assessed are the
following:
(i) Split function: It is particularly useful in identifying
unilateral changes or differences in renal function
and is calculated by generating a TAC that plots the
amount of radioactive material in the kidney over
time. The split function value is obtained by dividing
the counts collected during the uptake phase for each
kidney by the sum of the counts from both kidneys.
Normal range values of this index are between 42%
and 58%.7"
Relative  uptake: The measurement of the
radiopharmaceutical’s relative uptake is crucial in
assessing the specific renal function, which varies
depending on the radiopharmaceutical used. When
using 99mTc-MAG3 and DTPA, a common approach
involves placing an ROI over each kidney and
calculating the integrated counts within the renal
ROI during specific time intervals (e.g., 1 - 2 min,
1 - 2.5 min, or 2 - 3 mins) after injection. Another
method that can be used is the Rutland-Patlak plot.”*
(iii) Time to peak (TTP or T_ ): It refers to the time it
takes for the tracer concentration to reach its highest
point or the peak value (maximum concentration
in the kidney) when the accumulation trend of the
radiopharmaceutical is reversed. In general, for a
healthy kidney, TTP values are about 5 min, and the
maximum activity at the peak decreases to half the
value after 15 min from the injection."
(iv) Clearance time (Tm): It is a quantitative parameter
commonly used to describe the rate at which the
radiopharmaceutical is cleared from the kidney. It
represents the time taken for the radiopharmaceutical
activity to decrease by half in the ROI after reaching its
peak uptake. This parameter is important in diuretic
renography for detecting urinary tract obstruction."
The 30-min min/max ratio: It reflects the time it
takes for the radiopharmaceutical to pass through
the kidneys. It indicates the amount of residual
activity in the cortex. It is calculated by comparing
the radioactivity level in the kidneys at 30 min
to the peak concentration. This ratio is helpful in
diagnosing urinary tract blockages and renovascular
hypertension."
(vi) Upslope ratio: It refers to the ratio of the maximum
slope of the TAC during the ascending limb to the
average slope of the entire curve. This parameter

(ii)

)
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indicates the rate at which the radiopharmaceutical is
taken up by the kidney tissue.

(vii) Downslope ratio: The ratio between the slope of the
descending limb of the TAC (representing radiotracer
excretion) and the peak activity or uptake slope is
used to assess the rate of tracer clearance from the
renal parenchyma.

2.2. Manual reconstruction of the TAC using the
region of interest selection method

In this work, we proposed a manual method for establishing
TACsbased on the analysis of scintigraphic images obtained
according to clinical protocols and the measurement of
gray-level values within specific ROIs corresponding to the
kidneys and background. These images were derived from
the physical signal (radioactive counting) after undergoing
several processing and conversion steps (e.g., amplification,
gain, filtering, and analog-to-digital conversion). The
procedure, applied to 12 cases, was performed according
to the following main steps:

(i) Extraction of patient files, including scintigraphic
images, in DICOM format.

(ii) Analyzing of images by micro-DICOM software
(v.3.1.1, MicroDicom Ltd, Bulgaria).

(iii) Delineation of the necessary ROIs was performed
according to analytic recommendations, ensuring
consistent kidney dimensions and coverage across all
scintigraphic images (frames). The selection of ROI
corresponding to the right and left kidney areas, along

DYNAMIC 30 MIN

$CrystalThickness$3
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Max:191 Min:15
P:454.76 mm
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Mean:2.59 Median:1.00
SDev:3.01 Sum:399
Max:12 Min:0

P:454.76 mm
Area:12709.37 mm?
W:98.99 mm H:128.39 mm

with the background on the scintigraphy frames, can
be performed using two methods: The free-hand
method or the regular shape method. In this work, the
regular method was employed using rectangular ROIs
(Figure 1).

(iv) Manual construction of TAC from the extracted gray-
level values measured on ROIs.

The proposed method for manual TAC reconstruction in
dynamic renal scintigraphy relies on analyzing scintigraphic
images obtained according to clinical protocols. These
images were generated through a sequence of physical
and digital processing steps applied to radioactive signals
detected by the gamma camera. Below is a detailed
breakdown of the steps involved in image formation,
processing, and the subsequent TAC reconstruction:

Step#1: The acquisition of physical signal (radioactive
counting): The dynamic renal scintigraphy begins
with the intravenous injection of a TC-99m DTPA
radiopharmaceutical. Once injected into the bloodstream,
the tracer is filtered by the kidneys, allowing for an
evaluation of renal function through its uptake and
clearance. The emitted gamma radiation from the tracer is
detected using a gamma camera (GE Discovery NM630),
which captures images of the kidneys over time. The
imaging protocol employed in this study reportedly
included:

(i) 30 frames during the 1* min, allowing an analysis of

early tracer uptake.

Mean:79.94 Median:65.50
SDev:42.19 Sum:12310
Max:191 Min:20
P:454.76 mm
Area:12709.37 mm?
W:98.99 mm H:128.39 mm

Mean:1.69 Median:1.00
SDev:1.90 Sum:261
Max:10 Min:0

P:454.76 mm
Area:12709.37 mm?
:98.99 mm H:128.39 mm

Figure 1. Regular rectangular region of interest selection method used in this study for delineating kidney regions and background areas in scintigraphic
images. This method ensures consistency in kidney dimensions and coverage across all scintigraphic frames.
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(ii) 90additional frames at one frame per minute, ensuring
a complete observation of renal function over 30 min.

Step#2: The processing and conversion of signals: Since
the manually reconstructed TACs are based on gray-level
values, these images must undergo several transformation
steps before they can be analyzed. The radioactive signals
detected by the gamma camera are subjected to various
physical and digital processing operations aimed at
enhancing accuracy:

(i) Gamma-ray detection: The radiation emitted by
the radiopharmaceutical is detected by the gamma
camera. It has been noted that this detected signal
consists of electrical pulses, which correspond to the
intensity of gamma radiation.

Amplification: To enhance sensitivity, the weak
gamma signal is amplified through a photomultiplier
tube. This component converts the low-energy gamma
photons into stronger electrical signals.

(iii) Gain adjustment: The amplified signal is then
subjected to gain correction, a step which is intended
to optimize signal detection while reducing unwanted
variations. This adjustment ensures that the system
maintains an appropriate balance between sensitivity
and noise reduction.

Filtering: Various filtering techniques are applied to
refine the detected signal. Energy windowing and
scatter correction are commonly utilized to remove
background noise and irrelevant signals, thereby
improving the reliability of the extracted data.
Analog-to-digital conversion: To allow for further
digital analysis, the processed signals are converted
into numerical pixel values. This conversion assigns
intensity values to pixels in the generated images,
enabling subsequent image processing and data
extraction.

(ii)

(iv)

V)

Step#3: The manual reconstruction of TACs: Once
the images are processed, manual TAC reconstruction is
performed. The method follows a structured approach:

(i) Extraction of scintigraphic images: The scintigraphic
images, stored in DICOM format, are retrieved from
the gamma camera system for further analysis.
Image visualization and ROI selection: The micro-
DICOM software (v3.1.1) is employed to display
and analyze the extracted images. The ROIs for both
kidneys and background areas are then delineated,
ensuring that renal function is assessed in a controlled
and reproducible manner.
(iii) Methods of ROI selection: Two main approaches for
defining the ROIs:
e Regular shape method (rectangular ROI): This
approach, which was implemented in this study,

(ii)

ensures consistency by using a rectangular
selection over the kidneys. It is believed to
offer improved reproducibility by maintaining
standardized ROI dimensions across different
frames.

e Freehand method: Although not applied in
this study, this alternative method allows for a
more precise delineation of the kidneys' actual
shape. While offering greater flexibility, it has
been suggested that it may introduce variability
depending on operator expertise.

(iv) Extraction of gray-level data: Following ROI selection,
gray-level values are extracted from the scintigraphic
images. These values reflect the distribution of the
radioactive tracer within the kidneys over time.
Construction of TACs: The extracted gray-level data
is used to manually reconstruct TACs, which describe
the uptake and clearance of the radiopharmaceutical
over the 30-min imaging period. The manually
generated TACs are then compared with the machine-
generated TACs, allowing an evaluation of their
accuracy in representing renal function.

)

2.3. Region of interest selection methods

To study the impact of ROI selection methods in dynamic
renal scintigraphy, two selection methods were compared:

(i) Rectangular ROI selection: A fixed, standardized
rectangular shape applied to selected data.

(ii) Free-hand ROI selection: A manually drawn contour
following the anatomical shape of the kidneys.

The comparison was applied for six additional cases
(P1 - P6). The comparison of ROI selection methods was
performed to determine whether free-hand ROI selection
improves the accuracy of renal function assessment of the
considered cases in terms of kinetic parameters.

2.4.TAC modeling using a one-compartment model
and fitting function

Most kinetic analyses in dynamic renal scintigraphy
rely on mathematical models, typically compartmental
models, to study the behavior of a tracer from injection
to clearance. These models incorporate an input function
that represents the amount of radioactivity injected into
the patient. The proposed models take integro-differential
forms and are time-dependent. Such modeling can provide
information and data on the dynamics of the tracer within
the patient and the target organ (the kidney) without the
need for experiments or clinical trials. The estimation of
the kinetic parameters within the compartmental model
is a non-linear regression that uses iterative algorithms,
based on the following assumptions:'*
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(i) The measurements are conducted under the condition
that physiological processes remain in a steady state
throughout the experiment;

(i) The radioligand used does not significantly affect the
physiological or biochemical processes being studied; and

(iii) The homogeneity of the tracer concentration is within
each compartment.

Commonly, a compartmental model is defined by

a system of differential equations where each equation

corresponds to the sum of all transfer rates to and from a

specific compartment:

dc,(t)

T = zzl[kijcj (t) _kijci (t)l-;:;

Where C(t) is the tracer concentration in compartment
i, k; is the transfer rate constant to compartment i from
compartment j, and N is the number of compartments in
the model.

@

In this work, a one-compartment model was used. This
model assumes that the system used in this study comprises
only one homogenous compartment (Figure 2). After the
administration via an extravascular route, the radioactive
tracer transfer through the kidney proceeds as follows:'*

dc,, (1)

o k.C,(t)—k,Cep(t)

(1)

Wherek, is related to the glomerular filtration and equal to
the ratio of GFR to the extravascular functional renal cortical
volume (GFR/V),"" k,is related to the urination, C,is the
plasma activity concentration, and C,. is the extravascular
functional renal cortical activity concentration.

The solution to the differential equation (Equation II),
which describes the variation of activity (A(t)) as a function
of time (1), is given by the following equation:**

ki ka
Glomerular Urination
filtration

Extravascular
renal cortex

Figure 2. Example of segmentation of the functional renal cortex (left)
and schematic representation of the one-compartment tracer kinetic
model (right). The one-compartment model describes the uptake and
clearance of the radiopharmaceutical tracer in the kidney, with rate
constants k, (glomerular filtration) and k, (urination) representing tracer
kinetics.

A(t):AO(l—e_kl't)Xe_kz't (III)
In this work, instead of using the analytical solution
given by Equation III, an empirical solution was adopted
based onimaging data and the manual reconstruction of the
TAC. Following multiple trials and with consideration of
renal physiology and function, the manually reconstructed
TAC was fitted using a suitable mathematical function.
This fitting function describes the variation of gray level
over time and is presented in Equation IV:
A
Cl=—
I+—)% +(Q+—)*
( ; ) +( c )

s

Iv)

Where GL is the gray level of a separated frame, A,
is the activity concentration of the tracer that is injected
and metabolized by the kidney, C, is the perfusion time
constant, «, is a weighting factor of the perfusion phase,
C, is a time constant in the secretion-drainage phase
(urination), « is a weighting factor related to the secretion-
drainage phase, and ¢ is the time variable.

3. Results

Figure 3 demonstrates an example of clinical (machine)
and manually reconstructed TACs of Case 1.

Figure 4 shows the TAC modeling for Case 1 using the
mathematical fitting function (Equation IV) based on the
one-compartment model.

Table 1 compares the kinetic parameters of the renal
function automatically generated by the scintigraphy
machine’s algorithm with those manually extracted using
the proposed model.

Manually reconstructed renal TACs were found to
be dependent on the ROI selection methods. While
the results obtained using the manual method were
accurate and of good quality, the free-hand selection
method is believed to offer better results, particularly for
mathematical modeling and data fitting. This approach
may enhance the accuracy of the main kinetic parameters
extracted from the data. Moreover, the renal function
curves established manually using gray-level values from
individual scintigraphic images exhibited better dynamic
behavior than those from the machine (automatic), which
are based on radioactive counting. This difference is due to
the gain adjustment between radioactive counts and gray
level during the analog-to-digital conversion phase. In
addition, the processing of the physical signals (radioactive
counting) also plays a critical role in influencing the final
TAC output.
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Figure 3. Comparison of TACs for Case 1. (A) TAC was generated
automatically by the scintigraphy machine. (B) TAC was reconstructed
manually from processed dynamic renal scintigraphic images using the
proposed regular rectangular region of interest selection method. The
manually reconstructed TAC exhibits a more detailed dynamic behavior
than the machine-generated TAC.
Abbreviation: TACs: Time-activity curves.
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Figure 4. Mathematical modeling of the manually reconstructed TAC for
the healthy kidney in Case 1. The experimental data points extracted from
scintigraphic images (black circles) were fitted using the proposed empirical
fitting function based on a one-compartment model with additional
adjusting parameters. The fitted curve (solid red line) closely follows the
manual TAC, demonstrating the accuracy of the proposed model.
Abbreviation: TAC: Time-activity curve.

Table 2 presents a numerical comparison of the kinetic
parameters extracted using both ROI selection methods
(rectangular and free-hand).

The statistical analysis of the results in Table 2 is
summarized in Table 3.

The results and statistical analyses demonstrate that the
free-hand ROI selection method yields significantly lower
T values, indicating a more precise capture of peak tracer
uptake. This method also exhibits a significantly shorter
tracer elimination time, likely due to better exclusion of
background noise. Regarding the 30-min min/max ratio,
the free-hand ROI selection method shows a significantly
lower residual activity, allowing for more accurate isolation
of renal function. Overall, the free-hand ROI selection
method provides physiologically more accurate TACs
by closely contouring kidney anatomy and minimizing
background activity. In contrast, the rectangular ROI
selection method provides consistency across cases but
may include non-kidney regions, which can lead to slightly
overestimated retention values.

To evaluate the effectiveness and accuracy of the
proposed fitting function and empirical model, standard
goodness-of-fit metrics were used, including the correlation
factor (R?), adjusted R?, and reduced . For Case 1, Table 4
indicates a high-quality fit, with R’ and adjusted-R? values
close to 1, and a low reduced y’, confirming the models
robustness. The fitting parameters, particularly C and «,
reflect the pathological status of the left and right kidneys.
Similar results were observed across all other cases.

The proposed clinical data fitting function proved
suitable for the extraction of key kinetic parameters of
renal function. It can be applied in any simulation aimed
at evaluating new radiopharmaceuticals (radiotracers) for
use in dynamic renal scintigraphy, as well as for other tasks
of interest.

4. Discussion

The findings of this study underscore the significant
advantages of manual reconstruction and mathematical
modeling of TACs in dynamic renal scintigraphy over
the automatic algorithms of standard imaging systems.
By integrating manual ROI selection with an empirical
mathematical fitting function, this study successfully
reconstructed TACs with greater accuracy and
physiological relevance.'®

The manually reconstructed TACs demonstrated
improved dynamic behavior compared to the machine-
generated TACs. This superiority can be attributed to the
differences in data processing techniques. While machine-
generated TACs rely on raw radioactive counts, the manual
method incorporates gray-level values that undergo
additional processing steps, such as analog-to-digital
conversion and filtering. This approach likely enhances
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Table 1. Comparison between the main kinetic parameters obtained automatically (clinical) and those manually extracted
through mathematical modeling of the 12 time-activity curves

Kinetic parameters Right kidney Left kidney
Automatic data Manual data Automatic data Manual data

Case 1

T, (min) 4.05 4.26 271 2.88

T,, (min) 5.67 6.18 7.00 6.70

30-min min/max ratio 0.26 0.28 0.31 0.32
Case 2

T .. (min) 1.01 1.43 3.34 3.35

TI/2 (min) 10.67 12.79 15.00 15.65

30-min min/max ratio 0.47 0.39 0.42 0.37
Case 3

T . (min) 4.00 4.20 4.10 4.18

T,,, (min) 9.50 8.70 9.20 8.60

30-min min/max ratio 0.30 0.28 0.29 0.30
Case 4

T, (min) 3.50 3.76 3.60 3.88

T,,, (min) 10.00 10.18 10.20 9.80

30-min min/max ratio 0.28 0.30 0.30 0.31
Case 5

T, (min) 4.50 4.66 4.40 4.32

T,, (min) 8.50 8.25 7.50 7.70

30-min min/max ratio 0.25 0.26 0.26 0.28
Case 6

T .. (min) 3.50 3.83 1.75 1.85

TI/2 (min) 11.00 10.54 12.00 12.78

30-min min/max ratio 0.32 0.31 0.34 0.33
Case 7

T .. (min) 4.20 4.28 4.10 4.07

T,,, (min) 9.00 8.95 8.80 8.70

30-min min/max ratio 0.27 0.28 0.28 0.27
Case 8

T, (min) 7.50 7.76 6.75 6.90

T,,, (min) 25.05 26.30 24.30 26.65

30-min min/max ratio 0.70 0.78 0.65 0.68
Case 9

T . (min) 4.70 4.90 8.05 8.26

T,, (min) 8.25 9.70 30.00 29.12

30-min min/max ratio 0.35 0.37 0.75 0.78
Case 10

T . (min) 4.50 4.25 4.71 4.08

T”2 (min) 8.00 7.81 7.50 7.70

30-min min/max ratio 0.25 0.26 0.26 0.27

(Contd...)
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Table 1. (Continued)
Kinetic parameters Right kidney Left kidney
Automatic data Manual data Automatic data Manual data

Case 11

T . (min) 4.15 4.05 4.71 4.32

T, (min) 5.75 6.60 7.00 7.14

30-min min/max ratio 0.22 0.28 0.30 0.31
Case 12

T .. (min) 4.15 4.35 9.00 9.22

T, (min) 6.20 6.45 35.00 36.20

30-min min/max ratio 0.26 0.27 0.45 0.48

Table 2. Comparison of the kinetic parameters between the two region-of-interest selection methods

Case Kidney ROI selection method T, (min) T,,, (min) 30-min min/max ratio
P1 Left Rectangular 4.2 8.5 0.32
Free-hand 4.0 7.9 0.28
P2 Right Rectangular 3.8 9.2 0.35
Free-hand 3.5 8.7 0.30
P3 Left Rectangular 4.5 7.8 0.29
Free-hand 4.3 7.4 0.26
P4 Right Rectangular 5.1 10.1 0.38
Free-hand 4.8 9.6 0.33
P5 Left Rectangular 4.0 8.9 0.31
Free-hand 3.8 8.2 0.27
P6 Right Rectangular 3.7 9.5 0.34
Free-hand 34 9.1 0.29

Table 3. Statistical analysis of the comparison between the
two ROI selection methods

Table 4. Fitting function and mathematical model
parameters of Case 1

Statistical parameters ROI selection method Fitting function parameters Left kidney Right kidney
Rectangular Free-hand Ao 5,687 200,181
Mean and standard deviation C. 0.98 3.35
T, (min) 4.22+0.52 4.00+0.49 a 1.90 145
TI/2 (min) 8.99+0.83 8.32+0.74 Cs 491 0.0011
30-min min/max ratio 0.33+0.03 0.29+0.02 o 0.48 0.88
Paired t-test results (rectangular vs. Reduced y? 4.77 13.95
free-hand) R 0.98 0.97
— *
p=0.035 R* adjusted 0.98 0.96
T p=0.041* - — . ‘
12 Notes: A indicates the activity concentration of the tracer that is
30-min min/max ratio p=0.029* injected and metabolized by the kidney; C. indicates the perfusion time
Correlation analysis (R? values R>=0.94 constant; «. indicates a weighting factor of the perfusion phase;

between the TACs of both methods)

Note: *p<0.05.
Abbreviations: TAC: Time-activity curve; ROI: Region-of-interest.

C, indicates a time constant in the secretion-drainage phase
(urination); « indicates a weighting factor related to the secretion-
drainage phase, and t is the time variable.
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sensitivity to subtle physiological variations, reflected in the
closer alignment of manually derived kinetic parameters
(e.g., T and T, ) with expected renal physiology.”

1/2

The comparative analysis of the kinetic parameters,
including T ., T, , and the 30-min min/max ratio,
revealed small yet significant differences between manual
and automatic methods. For example, in all analyzed cases,
manual reconstruction resulted in slightly higher T__
values, reflecting a potentially more accurate depiction
of tracer dynamics. Similarly, the improved correlation
factors (R?* and reduced x* values) for the mathematical
fitting function indicate the robustness of the proposed
model in capturing physiological processes.

The proposed empirical mathematical model
demonstrated excellent accuracy in modeling TACs, as
evidenced by high R? and adjusted R? values. Parameters
suchas Csand as, derived from the fitting function, provided
insights into the pathological status of the kidneys. This
adaptability of the model highlights its potential utility in
clinical and research settings, including the evaluation of
new radiopharmaceuticals and the investigation of renal
pathophysiology.

One notable limitation of this study is the dependency
of manual TAC reconstruction on the ROI selection
method. While the rectangular ROI selection method
used here ensured consistency, a free-hand approach
may offer even greater accuracy by better conforming to
kidney shapes. Future studies should explore the impact
of different ROI selection methods on the accuracy of
TACs and kinetic parameters. In addition, extending
this methodology to a larger cohort with diverse renal
pathologies could validate its generalizability and clinical
applicability. If accuracy is prioritized, the free-hand ROI
selection method is preferable. However, if standardization
and reproducibility are the main concerns, the rectangular
ROI selection method may still be useful. The presented
comparison demonstrates how the choice of ROI selection
method can influence kinetic parameters in renal
scintigraphy.

The proposed manual method offers an alternative
approach to TAC reconstruction by leveraging gray-
level values rather than direct radioactive counting.
It involves several crucial steps, including image
acquisition, processing, ROI selection, data extraction,
and TAC reconstruction. While this method enhances
dynamic accuracy, future studies could focus on
minimizing inter-operator variability and evaluating
its applicability across diverse renal conditions and
imaging systems to improve generalizability to complex
cases and pathologies.

The findings of this study suggest that manual
reconstruction and modeling of TACs could enhance
the diagnostic accuracy of dynamic renal scintigraphy,
particularly in complex or borderline cases. The ability
to extract more physiologically relevant parameters
could improve the detection of subtle renal dysfunctions
and provide a more detailed assessment for treatment
planning. In clinical practice, this can be particularly
advantageous in detecting early-stage renal dysfunction,
assessing post-transplant renal function, or identifying
subtle abnormalities that might be overlooked by machine-
generated TACs.

5. Conclusion

This study demonstrates the effectiveness of manual
reconstruction and empirical modeling of TACs in dynamic
renal scintigraphy. The manually established TACs provide
more physiologically relevant insights compared to those
automatically generated by scintigraphy machines. By
leveraging gray-level data and a one-compartment model,
the proposed approach achieved superior dynamic behavior
and higher accuracy in extracting key kinetic parameters,
suchas T and T . The fitting function developed in this
work proved robust, with excellent correlation coefficients
and goodness-of-fit metrics. These results highlight the
potential of manual TAC modeling in improving diagnostic
accuracy and exploring renal pathophysiology. Moreover,
the method offers a valuable framework for evaluating new
radiopharmaceuticals and advancing clinical applications.
However, future work should address the limitations of
ROI selection methods and validate the findings across
larger patient cohorts. Overall, this study advances the
understanding of renal function reconstruction and
modeling, paving the path for enhanced clinical and
research applications in nuclear medicine.
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