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Abstract

ACKGROUND: Renogram using Technetium-99m Diethylene Triamine Pentaacetic Acid (Tc-99m DTPA) is
applied to evaluate renal perfusion, glomerular filtration rate (GFR), and urinary excretion. In patients with impaired
renal function, delayed tracer elimination may increase accumulation in non-target organs such as the heart and
liver, resulting in greater radiation exposure and reduced image quality. Studies examining the relationship between renal
function and Tc-99m DTPA dose distribution remain limited, particularly in clinical settings in Indonesia. Therefore, in this
study, an organ-level quantitative analysis of Tc-99m DTPA radiopharmaceutical dose distribution and absorbed dose using
the Medical Internal Radiation Dose (MIRD) approach based on Single Photon Emission Computed Tomography/Computed
Tomography (SPECT/CT) imaging was performed.
METHODS: Thirty adult patients undergoing renogram were categorized into low-GFR (<60 mL/min/1.73 m?) and high-
GFR (>60 mL/min/1.73 m?) groups. Each patient received 4-5 mCi of Tc-99m DTPA intravenously. Organ activities were
obtained from regions of interest (ROIs) on SPECT/CT images, and organ-level absorbed doses (mGy) were calculated using
the MIRD formalism.
RESULTS: In the low-GFR group, tracer retention in non-target organs increased, with absorbed doses up to twofold higher
in the heart (0.0002—0.0136 mGy) and liver (0.0010-0.0178 mGy) compared to the high-GFR group. Renal absorbed doses
ranged from 0.0001-0.0694 mGy, showing no significant difference between the left and right kidneys, while significant
differences were observed in the heart and liver.
CONCLUSION: GFR significantly affects the radiopharmaceutical dose distribution and absorbed dose of Tc-99m DTPA.
Reduced renal function increases radiation exposure in non-target organs, whereas normal function results in a more localized
renal dose distribution.
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Introduction

Nuclear medicine is a branch of medicine that plays a
pivotal role in diagnosis and therapy of various diseases
through the use of radioisotopes.(1) Among its procedures,
renography is one of the most widely employed functional
imaging techniques, designed to evaluate renal function
comprehensively.(2)  Through

dynamic  acquisition,
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renograms provide information on renal perfusion,
glomerular filtration rate (GFR), and urinary excretion.
(3) The procedure involves intravenous administration of
a radiopharmaceutical, followed by imaging acquisition
using Single Photon Emission Computed Tomography/
Computed Tomography (SPECT/CT).(4) The resulting
images depict the transit of the radiopharmaceutical from
systemic circulation to the kidneys and its elimination via

the urinary tract.(5) Quantitative analysis of renograms
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typically involves generating time—activity curves that
represent perfusion, filtration, and excretory phases.(6)

Technetium-99m Diethylene Triamine Pentaacetic
Acid (Tc-99m DTPA) is the most commonly used
radiopharmaceutical for renography.(7) Tc-99m is derived
from the natural decay of Molybdenum-99 (Mo-99),
which has a half-life of approximately 66 hours.(8) This
radionuclide emits gamma photons with energy of 140 keV,
an ideal energy for diagnostic imaging matched to gamma
camera sensitivity.(9) Its relatively short physical half-life of
about 6.02 hours balances image quality with minimization
of radiation dose to the patient, approximately 0.0049 mSv/
MBq.(10) To target the kidneys, Tc-99m is labeled with a
DTPAkit.(12) The labeling process is straightforward, rapid,
and stable, producing a Tc-99m DTPA complex suitable for
intravenous administration.(13)

GFR is a principal parameter in assessing renal
function.(14) Estimation of GFR using serum creatinine
is often inaccurate, especially in chronic kidney disease,
because it is influenced by non-renal factors such as
muscle mass and protein intake.(15) In contrast, Tc-99m
DTPA enables a more precise estimation of GFR because
the elimination of the radionuclide depends entirely on
glomerular filtration.(16) Several studies have highlighted
that cystatin-C offers superior sensitivity compared to
serum creatinine in detecting early renal dysfunction and
correlates strongly with GFR levels, particularly in obesity-
related renal impairment.(17)

Although the kidneys are the primary target organs,
distribution of Tc-99m DTPA is not strictly confined to
renal tissue.(18) Several studies have shown that this
radiopharmaceutical can accumulate in non-target organs
such as the liver and heart, particularly in patients with
reduced renal function.(19) A decline in GFR prolongs
systemic transit time of Tc-99m DTPA, thereby increasing
radiation exposure to highly perfused organs.(20) This
phenomenon not only impairs renogram image quality but
also carries important implications for patient radiation
protection.(21)

Approximately 19-24 % of the dose absorbed by
the kidneys may originate from other organs involved in
the radiopharmaceutical’s biokinetics, such as the liver,
bladder, and surrounding tissues, particularly in individuals
with impaired renal function. The renal absorbed dose of
Tc-99m DTPA in adults ranged from 0.023 to 0.053 mGy/
MBgq, indicating a significant contribution from non-renal
organs to the total body dose.(22) This suggests that at low
GFR, prolonged systemic transit of Tc-99m DTPA increases
the possibility of absorption and re-emission of radiation
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in non-target organs like the heart and liver. Consequently,
this not only degrades the renogram’s image quality but
also elevates radiation risk to sensitive non-target organs.
Moreover, Tc-99m DTPA has demonstrated superior
accuracy in estimating GFR compared to creatinine-based
methods, particularly in patients with chronic kidney
disease.(23) Subjects with low GFR also reported to
exhibit broader radiopharmaceutical distribution, leading to
increased radiation dose to non-target organs.(24)

The kidney plays a central role in the excretion of
radiopharmaceuticals like Tc-99m DTPA, and pathological
impairments of filtration function can influence the
distribution of radiation dose to both target and non-
target organs. Experimental animal studies have shown
that physiological factors such as hydration status and
sex differences significantly affect renal clearance and
susceptibility to nephrotoxicity.(25) In addition, renal
dysfunction induced by ureteral obstruction or ischemia—
reperfusion injury has been shown to reduce GFR.(26,27)
Previous investigations have typically focused on GFR
estimation or determination of effective dose in general,
without taking into account how variations in renal function
influence radiopharmaceutical dose distribution across
organs. However, patients with low GFR are likely to retain
radiopharmaceuticals more extensively, thus potentially
receiving higher off-target radiation exposure. In a clinical
context, understanding this phenomenon is crucial to
optimizing dose protocols and enhancing patient safety in
renogram procedures.

Therefore, this study was conducted to analyze the
distribution and absorbed dose of Tc-99m DTPA in the
target organ (kidneys) and adjacent non-target organs (heart
and liver), accounting for differences in patients’ GFR
values. The Medical Internal Radiation Dosimetry (MIRD)
approach is employed to derive quantitative estimates of
inter-organ absorbed dose based on patient SPECT/CT data.
This work is expected to provide deeper insights compared
to previous studies by integrating GFR stratification into
inter-organ dose distribution analysis, thus delivering a
more comprehensive understanding of the relationship
between renal function and radiation dose distribution in
Tc-99m DTPA renography.

Methods

Subjects Recruitment
Thirty adult patients undergoing renogram at the Department
of Nuclear Medicine, Dr. Kariadi General Hospital,
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Semarang were included in this study. Inclusion criteria
for subjects were: age >18 years, renogram with Tc-99m
DTPA, GFR >15 mL/min/1.73 m? and complete imaging
data. Exclusion criteria were: severe renal anatomical
abnormalities, allergy to radiopharmaceuticals, end stage
renal failure (GFR <15 mL/min/1.73 m?) requiring dialysis,
or incomplete/poor-quality data.

This study was approved by the Research Ethics
Committee of the Faculty of Medicine, Diponegoro
University (Ethical Clearance No. 168/EC/KEPK/FK-
UNDIP/VII/2025) and Dr. Kariadi General Hospital,
Semarang, Indonesia  (Approval No. DP.04.01/
D.X/7269/2025). All procedures were conducted in
accordance with the Declaration of Helsinki and relevant
institutional guidelines.

Radiopharmaceutical and Administration Protocol

All renogram examinations were performed using Tc-
99m DTPA as the radiopharmaceutical. An activity of
4-5 mCi (148-185 MBq) was intravenously administered
in accordance with the standard clinical protocol of the
Department of Nuclear Medicine, Dr. Kariadi General
Hospital, Semarang. The administered activity was adjusted
according to each subject’s body weight and age to ensure
optimal image quality while maintaining radiation safety.

The Determination of Regions of interests (ROI)
Immediately following intravenous injection, dynamic
images were acquired for 15-20 minutes using a SPECT/CT
Discovery NM/CT 670 system (GE Healthcare, Chicago,
IL, USA). The acquired images were initially processed
on the Processing Station and subsequently transferred to
the Xeleris 4 workstation (GE Healthcare) for advanced
analysis.

Subject's GFR values derived from imaging were used
to classify subjects into two groups, based on the criteria
for adult renal function (normal GFR =120 mL/min/1.73
m?): low-GFR group, with GFR<60 mL/min/1.73 m?
(indicating abnormal renal function); and high-GFR group,
with GFR>60 mL/min/1.73 m? (indicating normal renal
function).(28)

Regions of interests (ROIs) were defined during the
uptake phase, as Tc-99m DTPA accumulates optimally
within the renal parenchyma proportional to GFR, with
minimal contribution from blood and the pelvicalyceal
system. Therefore, the uptake phase most accurately
represents the actual renal function compared to the early
or late phases.(29) ROIs were defined for both the target
organs and surrounding tissues. For kidneys, the ROIs were
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determined semi-automatically using the Renal Analysis
feature in Xeleris 4. The system assisted in delineating
renal boundaries consistently, although the operator could
manually adjust ROI placement when image quality was
suboptimal. Meanwhile, for the adjacent organs (heart and
liver), after saving the Renal Analysis results, ROIs for
adjacent organs were manually delineated using the Load to
New function in Xeleris 4.

Estimation of Tc-99m DTPA Absorbed Dose
Normalization calibration of uptake was performed using
the built-in Renal Analysis method with Rutland plots
background subtraction. A correction factor was obtained
from scanning a syringe containing 1 mCi Tc-99m DTPA
positioned identically to subject scans. The syringe image
was analyzed with a corresponding background ROI,
yielding a correction factor of 0.000371 mCi/cps. From
each ROI, the total counts of Tc-99m DTPA accumulated
within the organ were obtained. These count values were
used to calculate the relative activity uptake distribution
across organs, which served as the basis for absorbed dose
estimation.

Dosimetric Analysis Using MIRD Formalism

Data processing in this study was performed using the MIRD
formalism to estimate the absorbed dose distribution in both
target and surrounding organs. The analytical procedure
consisted of several sequential steps. First, the ROI was
delineated semi-automatically using Xeleris 4 software
(GE Healthcare) on dynamic renogram images. The ROI
included the target organ (kidney) and adjacent organs
(liver and heart), which were clearly visualized during the
dynamic acquisition sequence.

The radiopharmaceutical activity in each organ was
determined from the proportion of counts obtained within
the ROI, multiplied by the administered activity (A,) and
the system calibration factor (Fi), expressed as A (mCi) =
(count) x Fx (mCi/count). The percentage uptake for each
organ was then calculated by comparing the measured organ
activity (A) to the administered activity (A,) and multiplying
by 100%, i.e., so that the % uptake = (A/A,) x 100%.

The effective activity (A’), representing the time-
integrated activity within an organ, was subsequently
obtained by multiplying the organ activity with its
residence time (1), formulated as A = A x 1. In renogram
studies, quantitative parameters such as time-to-peak and
clearance half-time (t,,) are commonly employed to assess
renal function and tracer excretion efficiency.(30) These
parameters reflect renal clearance dynamics and serve
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as indicators for evaluating renal performance.(31) In
this study, the residence time (t) was used as a surrogate
parameter to represent tracer clearance from the kidney,
based on its conceptual equivalence to temporal indices
such as time-to-peak and t,,, both describing the kinetic
behavior of radiopharmaceutical excretion.

The S-value, which represents the absorbed dose
per unit of effective activity, was adopted from previous
study.(32) Finally, the absorbed dose (D) for each organ
was calculated as the product of the effective activity and
the corresponding S-value, expressed as D = A” x S. The
resulting values represented the absorbed dose (mGy)
received by each organ during the renogram procedure,
which were subsequently analyzed to evaluate radiation
distribution and potential risk to the kidneys and adjacent
tissues.

Results

Subjects Characteristics

A total of 30 data from included subjects were analyzed,
including 15 with low GFR (<60 mL/min/1.73 m?) and 15
with high GFR (>60 mL/min/1.73 m?). The injected activity
of Tc-99m DTPA ranged from 4-5 mCi. Overall, subjects
with low GFR demonstrated markedly greater redistribution
of Tc-99m DTPA to non-target organs such as the liver and
heart, accompanied by up to a twofold increase in absorbed
dose compared to the high-GFR group. This finding was
clinically relevant, as it implies higher non-target exposure
and potentially reduced image quality in renogram studies
of subjects with impaired renal function.

Baseline characteristics of both groups were
summarized in Table 1, showing significant differences
in mean GFR and age between the two groups (p<0.001).
These differences serve as the foundation for analyzing

variations in tracer uptake and absorbed dose across organs.

Radiopharmaceutical Activity Uptake Distribution
In subjects with low GFR, the mean renal uptake ranged
from 17.1-20.5%, whereas uptake by the heart and liver
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increased to 25.0% and 37.4%, respectively. In contrast,
the high-GFR group exhibited higher renal uptake 25.4—
28.4% and reduced uptake in the heart 18.7% and liver
27.5%. These findings indicate that impaired renal filtration
promotes radiopharmaceutical redistribution toward non-
target organs due to delayed tracer clearance and secondary
hepatic retention.

Organ Dose Distribution of Tc-99m DTPA in Low- and
High-GFR Groups

Absorbed dose calculations using the MIRD formalism
revealed distinct distribution patterns between the two
groups (Figure 1). In the low-GFR group, absorbed doses
were 0.0001-0.0694 mGy in the kidneys, 0.0002-0.0136
m@Gy in the heart, and 0.0010-0.0178 mGy in the liver. In the
high-GFR group, renal doses were higher (0.0023-0.0343
mGy), while cardiac and hepatic doses were lower, 0.0001—
0.0016 mGy and 0.0004-0.00465 mGy, respectively.

The mean uptake and absorbed dose percentages
was presented in Table 2. Despite higher renal doses in
subjcts with normal function, non-target organs received
substantially lower radiation exposure. This redistribution
of absorbed dose also affected image quality. As shown in
Figure 1A, subjects with low GFR exhibited poor contrast
due to intense non-target activity that caused scatter and
spillover, masking renal signals. Conversely, Figure 1B
demonstrated that high-GFR subjects produced higher-
contrast images, facilitating clearer ROI delineation and
functional interpretation. Although renal doses were higher
in high GFR subjects, non-target organs received relatively
lower doses. Absorbed dose distribution is influenced
not only by uptake but also by retention time and organ
perfusion.

Organ Dose Variation and Renogram Pattern Differences
Between GFR Groups

Inferential statistical testing using independent t-tests
was performed to compare absorbed doses between the
two GFR groups (Table 3). Significant differences were
observed in non-target organs (heart and liver), while renal
doses did not differ significantly, aligning with the expected

Table 1. Characteristics of study subjects.

Age (Years) GFR Value
e (Years i
Groups g (mL/minutes/1.73 m3) s
Category
MeantSD MeantSD
Low GFR 54.53+14.46 32.71+10.5 Abnormal
High GFR 4593+12.42 86.88+17.54 Normal
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Figure 1. Absorbed dose values of Tc-99m DTPA in subjects.
A: Subjects with low GFR. B: Subjects with high GFR.

radiopharmaceutical dose distribution of Tc-99m DTPA as
a glomerular filtration tracer. These findings emphasize that
impaired renal function increases radiation exposure to non-
target organs, underscoring the need for dose and timing
adjustment in renogram imaging to minimize unnecessary
exposure.

Time—Activity Curve Analysis

The renal time—activity curves revealed clear distinctions
between normal and impaired kidney function. In the low-
GFR group, the renogram curve showed a delayed peak
and slow decline, indicating impaired tracer excretion and
prolonged retention. In contrast, subjects with high GFR
exhibited an earlier peak and a steeper washout phase,
consistent with efficient glomerular filtration.
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Representative subject analysis demonstrated the
classic three-phase pattern (perfusion, parenchymal uptake,
and excretion) in the high-GFR group, with normal time-to-
peak (Tna), half-time (T),), and a 30-min/peak ratio <0.8.
Meanwhile, in the low-GFR group, although parenchymal
uptake remained visible, the excretory phase was markedly
delayed, producing a flatter curve and a 30-min/peak ratio
>0.8, indicative of tracer retention and excretory dysfunction
(Figure 2).

These curve differences highlight that Tc-99m DTPA
not only reflects glomerular filtration rate but also visualizes
tracer redistribution to non-target organs under impaired
renal function, serving as a sensitive indicator of both renal
dysfunction and altered tracer kinetics.

Discussion

This study demonstrates that renal function status markedly
influences the radiopharmaceutical dose distribution
and internal dose of Tc-99m DTPA. Patients with high
GFR exhibited renogram curves consistent with efficient
glomerular filtration, whereas patients with low GFR showed
delayed peaks and prolonged clearance. These physiological
differences resulted in greater radiopharmaceutical retention
in non-target organs, particularly the liver and heart, and
revealed distinct absorbed-dose distributions based on
MIRD analysis. In patients with reduced renal function, Tc-
99m DTPA remained in circulation for a longer duration,
thereby increasing exposure to highly perfused organs such
as the heart and liver.(33) This redistribution is consistent
with the compensatory clearance phenomenon, in which
non-target organs act as secondary transit pathways when
renal elimination is impaired.(34)

The observed pattern indicates that the radiation
burden shifts toward the heart and liver under impaired
renal function, consistent with previous findings reporting
that tracer retention and hepatobiliary involvement under
reduced renal clearance conditions.(10) Similar image
degradation mechanisms were also linked increased extra-

Table 2. Mean uptake and absorbed dose percentage of Tc-99m DTPA.

Parameter (%) Group Left Kidney  Right Kidney Heart Liver
Low GFR 17.1% 20.5% 25% 37.4%
Uptake (%) )
High GFR 28.4% 25.4% 18.7% 27.5%
Low GFR 40.8% 37.2% 7.8% 14.3%
Absorbed Dose (%)
High GFR 45.1% 45.4% 2.8% 6.8%
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Table 3. Statistical comparison of absorbed doses.

Organ p-value Significance
Left Kidney 0.2500 Not significant
Right Kidney 0.3800 Not significant
Heart 0.0180 Significant
Liver 0.0035 Significant

renal activity with reduced renogram accuracy.(34) Greater
activity in non-target organs among low GFR patients
reflects slower clearance, with temporary storage in the
heart and liver.(35) The observed liver uptake supports an
alternative hepatobiliary excretion pathway that becomes
more prominent when renal function is impaired.(36)
Conversely, in high GFR patients, most of the tracer was
promptly filtered and eliminated by the kidneys, resulting in
steeper washout curves and more localized absorbed doses.
(37) These findings emphasize that renal function directly
affects time—activity profiles, organ exposure, and absorbed
dose patterns, which are crucial for optimizing renogram
acquisition protocols.(2)

C [ (LT Kidney-BKG) _——— (RT Kidney-BKG)__~ ~ -

(LT Cortex-BKG) __(RT Cortex--BKG

Tc-99m DTPA Dose Distribution in Renogram (Qalby L, et al.)
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The altered distribution can be explained by the
elimination physiology of Tc-99m DTPA, which is almost
entirely excreted through glomerular filtration without
significant metabolism. In high-GFR patients, the tracer was
rapidly filtered and eliminated by the kidneys, producing
higher absorbed doses in the target organ and improved
image quality.(2) Conversely, in low-GFR patients, the
tracer persisted longer in the systemic circulation and
accumulated in highly perfused organs.(38) The liver
likely represents an alternative excretion pathway via the
hepatobiliary route (39), while the heart is exposed due to
continuous myocardial blood flow.(33) This mechanism
accounts for the increased uptake and absorbed dose in non-
target organs observed in the low GFR group.

These
distribution is determined not only by organ uptake but also

findings confirm that absorbed dose
by retention time, perfusion, and organ mass.(34) In low
GFR patients, cumulative exposure to non-target organs,
although relatively low in absolute terms, may become
clinically relevant with repeated examinations. In high

GFR patients, concentration of the tracer in the kidneys
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improves image quality but also increases the absorbed dose
to the target organ. These results are critical for optimizing
injected activity, scatter correction, and acquisition timing
in renogram procedures to enhance image quality while
maintaining patient safety.

Importantly, this work addresses a knowledge gap in
the Indonesian population, where quantitative data on Tc-
99m DTPA dose distribution in non-target organs remain
limited. Previous studies of renal radiopharmaceuticals
have primarily focused on target organ kinetics or
used surrogate dosimetry models without direct uptake
measurement. By applying a patient-specific, MIRD-based
approach to both kidneys and non-target organs, this study
provides new evidence on how renal impairment alters
radiopharmaceutical dose distribution.

This analysis also underscores the importance of
personalizing renogram protocols according to renal
function. Adjusting radiopharmaceutical activity and
acquisition strategies can improve diagnostic reliability
while minimizing non-target exposure, in accordance with
radiation protection principles. Compared with other renal
tracers such as Tc-99m MAG3 and Tc-99m DMSA, Tc-
99m DTPA offers the highest specificity for glomerular
filtration, making it particularly suitable for quantitative
GFR assessment.(40) The present findings reinforce Tc-
99m DTPA’s role as a reference tracer and demonstrate
that MIRD-based dosimetry can enhance its diagnostic and
safety profile in nuclear medicine practice. A limitation of
this study is the absence of inferential statistical analyses;
therefore, future research with larger sample sizes is
recommended to enable hypothesis testing and confirm the
observed trends.

Conclusion

The result of this study demonstrates that the distribution
and absorbed dose of Tc-99m DTPA in renogram
procedures are strongly influenced by the patient’s GFR.
Tc-99m DTPA accumulates not only in the kidneys as
the target organ but also in non-target organs such as the
heart and liver. In patients with low GFR, renal uptake is
lower and more variable, while non-target organs receive
higher uptake and absorbed doses due to delayed renal
elimination. Conversely, in patients with high GFR, the
radiopharmaceutical distribution is more localized in the
kidneys, resulting in better data quality but with a relatively
higher absorbed dose in the kidneys compared to non-target
organs.
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