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Objective: To investigate changes in Glomerular Filtration Rate (GFR) and

influencing factors in patients with renal space-occupying masses using a

combination of single-photon emission computed tomography (SPECT) Tc-

99m-labeled diethylenetriaminepentacetic acid (99mTc-DTPA) renal dynamic

imaging and contrast-enhanced computed tomography (CT).

Methods: Fifty patients with renal masses underwent SPECT 99mTc-DTPA renal

dynamic imaging and contrast-enhanced CT scans, and the GFR of the diseased

kidney was compared with that of the contralateral healthy kidney in the same

patient. The correlation between the size of the masses and the reduction in GFR

was analyzed. Besides, the relationships between the net increment CT values in

the renal parenchymal phase and excretory phase with the GFR changes

were analyzed.

Results: The GFR of diseased kidneys was significantly lower than that of the

healthy kidneys (p < 0.05). There was no correlation between the size of the

masses and the reduction in GFR (r=0.23, p>0.05). A negative correlation

was found between the net increment CT value in the parenchymal phase

and the decline in GFR (r=-0.38, p < 0.05), while there was no correlation

between the net increment CT value in the excretory phase and the decline in

GFR (r=-0.26, p>0.05).

Conclusion: The blood supply characteristics observed in contrast-enhanced CT

scans of renal masses can influence the calculation of GFR in radionuclide renal

dynamic imaging. These characteristics should be taken into account when

interpreting GFR results.
KEYWORDS

99mTc-DTPA, contrast-enhanced CT, glomerular filtration rate (GFR), renal dynamic
imaging, SPECT
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1 Introduction

Glomerular filtration rate (GFR) is defined as the volume of

fluid filtered from the glomerular capillaries into Bowman’s capsule

per time unit. GFR is widely recognized as a critical index for the

clinical evaluation of renal function (1–3). Single-photon emission

c ompu t e d t omo g r a p h y ( S PECT ) T c - 9 9m - l a b e l e d

diethylenetriaminepentacetic acid (99mTc-DTPA) renal dynamic

imaging, utilizing the Gates method, is a technique employed to

determine GFR. This method not only provides a dynamic

visualization of renal processes (from blood perfusion and cortical

uptake to excretion) but also enables the assessment of renal

function and the calculation of GFR values (4, 5).

Accurate preoperative split renal GFR is crucial for surgical

planning, particularly in nephron-sparing surgery. While SPECT
99mTc-DTPA imaging is a standard for this purpose, its accuracy in

the setting of renal masses remains underexplored. The Gates

method assumes that renal ROI counts primarily originate from

functioning nephrons. However, hypervascular renal tumors may

sequester the tracer, potentially introducing ‘spill-in’ counts that do

not reflect glomerular filtration, thereby confounding GFR

calculation. Contrast-enhanced computed tomography (CT),

routinely performed for tumor staging, provides detailed vascular

mapp ing bu t i s no t quan t i t a t i v e l y in t eg ra t ed in to

functional assessment.

Contrast-enhanced CT is routinely used for preoperative

evaluation of renal space-occupying masses. This imaging

modality not only allows for the assessment of the blood supply

to the masses but also provides detailed visualization of the kidney

itself and the surrounding perirenal anatomical structures.

Therefore, this study aimed to investigate the effects of renal

masses on GFR by quantitatively integrating enhancement

characteristics from contrast-enhanced CT with functional data

from SPECT renal dynamic imaging, in order to provide a basis for

more accurate renal function evaluation and to guide clinical

decision-making.
2 Materials and methods

2.1 Patients

2.1.1 Ethical statement
This retrospective study was conducted in accordance with the

Declaration of Helsinki and was approved by the Institutional

Review Board of the Second Affiliated Hospital of Shandong First

Medical University (Approval No: R202103030075). The

requirement for individual informed consent was waived due to

the retrospective nature of the study.
Abbreviations: CT, computed tomography; GFR, Glomerular Filtration Rate;

SPECT, s ingle-photon emiss ion computed tomography; DTPA,

diethylenetriaminepentacetic acid; ROI, region of interest; TP, time to peak;

TAC, time-activity curve; PACS, picture archiving and communication system;

PN, partial nephrectomy; PPVP, percentageof parenchymal volume preserved.
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The data of patients admitted to the Second Affiliated Hospital

of Shandong First Medical University for renal space-occupying

masses between July 2020 and April 2022 were retrospectively

analyzed, provided they met the following selection criteria: 1)

undergoing surgical treatment or needle biopsy for a single renal

mass with definitive pathological results; 2) completion of 99mTc-

DTPA renal dynamic imaging with GFR assessment and contrast-

enhanced renal CT within one week prior to surgery; 3) absence of

acute or chronic conditions such as hypertension or diabetes that

could potentially influence GFR, with renal blood biochemical

indices within normal ranges; 4) normal GFR and imaging

findings in the contralateral healthy kidney; and 5) compliance

with medical ethics standards, including signed informed consent

from all patients. Exclusion criteria included: 1) renal masses

causing significant compression of the renal sinus or renal pelvis;

2) imaging quality insufficient for diagnostic purposes; 3) history of

other renal diseases (e.g., glomerulonephritis, renal stones), heart

failure, or use of nephrotoxic medications; and 4) presence of

diabetes mellitus or uncontrolled hypertension, despite

biochemical indices being within normal ranges, to minimize

potential confounders on GFR.

A total of 50 patients who met the study criteria were enrolled,

comprising 28 males and 22 females, with a mean age of 62.0 ± 12.2

years (range: 34–83 years). All patients presented with unilateral

nephropathy, resulting in the inclusion of 50 kidneys, including left

(n=23) and right (n=27) renal masses. Among the lesions, 45 were

malignant tumors, and 5 were benign masses. The malignant

tumors included clear cell carcinoma (n=40), papillary renal cell

carcinoma (n=3), chromophobe cell carcinoma (n=1), and

metastatic carcinoma (n=1). The benign lesions included renal

angiomyolipoma (n=2), simple renal cyst (n=2), and renal

eosinophilic adenoma (n=1) (Table 1). This retrospective study
TABLE 1 Patient characteristics.

Category n %

Number of patients (female/male) 50 (22/28)

Age, years 62.0 (34–83)

Number of masses (L/R) 50 (23/27)

Diagnosis (Malignant)

Clear cell carcinoma 40 80

Papillary renal cell carcinoma 3 6

Chromophobe cell carcinoma 1 2

Metastatic carcinoma 1 2

Total 45 90

Diagnosis (Benign)

Renal angiomyolipoma 2 4

Simple renal cyst 2 4

Renal eosinophilic adenoma 1 2

Total 5 10
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consecutively enrolled all eligible patients meeting the criteria

within the specified period. The sample size, though limited,

represents a homogeneous cohort for investigating the specific

relationship between mass vascularity and SPECT-GFR.
2.2 Renal dynamic imaging equipment and
protocol

SPECT renal dynamic imaging combined with GFR

measurement was performed using the Discovery NM/CT670 Pro

dual-probe SPECT/CT system manufactured by GE, equipped with

a low-energy, high-resolution parallel-hole collimator and a 16-row

spiral CT. The imaging agent, technetium 99mTc-DTPA, was

supplied by Jinan Atomic High-tech Pharmaceutical Co., Ltd.,

with a radiochemical purity exceeding 95%. Prior to the

examination, the patient consumed 300–500 ml of water 30

minutes beforehand and emptied their bladder. The patient was

positioned supine on the examination table, with the probe placed

in the lower body region. The imaging agent was administered as a

bolus injection into the antecubital vein at a dose of 296 MBq (8

mCi), followed by a rapid flush with 10 ml of normal saline. The

renal blood perfusion phase was immediately acquired at 2 seconds

per frame for 30 frames (1 minute), followed by the renal function

phase at 60 seconds per frame for 20 frames (20 minutes). The

acquisition matrix was set to 64×64, with an energy peak of 140

keV. Radioactive counts for both full and empty syringes were

recorded before and after the examination to ensure accurate dose

administration. The administered dose was calculated from the

counts of the full and empty syringes measured before and after

injection using a dose calibrator. Kidney depth was automatically

estimated and corrected for by the SPECT/CT system software as

part of the Gates method GFR calculation.
2.3 Renal dynamic image processing and
GFR analysis

Using the Renal Analysis function of the Xeleris Version 4.0

workstation, the patient’s height, weight, and other relevant

information were input following the completion of the scan. The

regions of interest (ROI) for both kidneys were carefully drawn to

encompass the entire renal parenchyma while excluding the

collecting system and the space-occupying mass itself, based on

the co-registered CT images for anatomical guidance. The

abdominal aorta ROI was placed on the early perfusion phase

image. A semilunar background ROI was sketched below the outer

edge of each kidney to correct for extra-renal activity. The computer

program calculated the total GFR for both kidneys (Figure 1), as

well as the individual GFR for each kidney, the time to peak (TP) for

the left and right kidneys, and the half excretion time (T1/2) using

the Gates method. Besides, the time-activity curve (TAC,

nephrogram) for both kidneys was automatically generated. The

separate GFR values were recorded as A (GFR for the healthy
Frontiers in Oncology 03
kidney) and B (GFR for the diseased kidney), with Y representing

the percentage decrease in GFR for the diseased kidney, calculated

as Y = (A-B)/A*100%.
2.4 CT scanning protocol and image
analysis

Kidney routine plain scan and contrast-enhanced CT scan were

performed using the Philips Brilliance iCT scanner. Patients were

instructed to fast for 4–6 hours prior to the examination and were

asked to drink approximately 300–500 ml of water within 30

minutes before the scan, without the need to hold urine. The CT

scanning parameters were set as follows: 120 kV, 160 mAs, rotation

speed of 0.5s/turn, pitch of 0.75, and a layer thickness of 5 mm. A

non-ionic contrast agent, ioversol injection (350 mgI/ml),

manufactured by Jiangsu Hengrui Pharmaceutical Co., Ltd., was

administered intravenously at a dose of 80–100 ml through the

antecubital vein at a flow rate of 3.5 ml/s, followed by a 20 ml saline

flush. Scanning of the renal cortex was initiated after a 28-second

delay, renal parenchyma imaging after a 65-second delay, and the

excretory phase was completed within 3 minutes post-injection.

The scan coverage extended from the top of the diaphragm to the

iliac crest.

After the CT scan was completed and the obtained images met

the diagnostic criteria, the anteroposterior, left-right, and superior-

inferior diameters of the space-occupying lesions were measured on

the PACS workstation in both transverse and coronal planes. The

volume of each lesion was calculated using the formula: volume =

(anteroposterior diameter × left-right diameter × superior-inferior

diameter) × p/6. The net increment of the CT value for each lesion

was determined in both the parenchymal phase (calculated as the

difference between the CT values in the renal parenchymal phase

and the plain scan phase) and the excretory phase (calculated as the

difference between the CT values in the renal excretory phase and

the plain scan phase). Each measurement was performed three

times, and the average value was recorded (Figure 1).
2.5 Statistical analysis

Statistical analysis was conducted using SPSS 23.0 software. The

normality of the data was assessed using the Kolmogorov-Smirnov

(K-S) test. Continuous variables following a normal distribution were

expressed as mean ± standard deviation (�x ± SD) and analyzed using

the paired t-test for comparisons between the two groups. For data

that did not follow a normal distribution, results were presented as

median (interquartile range) [M (P25, P75)]. Since the continuous

variables of interest (mass volume and net increment of CT values)

were not normally distributed, Spearman correlation analysis was

performed to evaluate the relationships between the GFR change

amplitude (%) and mass volume, as well as the net increment of CT

values in the parenchymal and excretory phases. A p-value of less

than 0.05 was considered statistically significant.
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3 Results

3.1 GFR comparison between the diseased
kidney and the healthy kidney

The mean GFR of the diseased kidneys (30.84 ± 8.87 mL/min)

was significantly lower than that of the contralateral healthy kidneys

(38.57 ± 9.48 mL/min), with a mean reduction of 7.73 mL/min

(paired t-test, t = 5.46, p < 0.001) (Table 2, Figure 1).
3.2 Correlation analysis

Spearman correlation analysis revealed no significant

association between the volume of the renal masses (median

[IQR]: 75.7 cm³ [24.6–282.3]) and the percentage reduction in

GFR (r = 0.23, p = 0.11). However, a statistically significant
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moderate negative correlation was observed between the net

increment of CT value in the parenchymal phase (median [IQR]:

53 HU [37-80]) and the GFR reduction (r = -0.38, p = 0.01). In

contrast, the net increment in the excretory phase showed no

significant correlation with GFR change (r = -0.26, p = 0.07)

(Table 3 & Figure 2).
4 Discussion

GFR refers to the volume of ultrafiltrate, or primary urine,

produced by both kidneys per unit time (per minute), which is a

very sensitive indicator of renal function (6). While the

measurement of inulin clearance is regarded as the “gold

standard” for determining GFR, its clinical application is limited

due to inulin’s limited availability, high cost, and the invasive and

complex nature of the procedure. As an alternative, estimation

equations using endogenous filtration markers, such as serum
FIGURE 1

Multimodal imaging example of a renal mass influencing GFR calculation. (A) SPECT 99mTc-DTPA renal function phase image (posterior view) in a
58-year-old female with a right upper pole mass (arrow). The regions of interest (ROIs) for the left (healthy) and right (diseased) kidneys are shown.
The calculated GFR is lower on the diseased side. (B–D) Corresponding contrast-enhanced CT images at the same level: (B) corticomedullary phase,
(C) nephrographic phase, and (D) excretory phase. The tumor (arrow) exhibits marked enhancement in the nephrographic phase. This vascular
activity likely contributes to the renal ROI counts on SPECT, illustrating the potential mechanism for GFR overestimation in hypervascular masses.
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creatinine have been used in clinical practice; however, these

methods may suffer from imprecision and inaccuracies (7, 8). In

contrast, SPECT renal dynamic imaging offers a simple, non-

invasive, and accurate approach, providing simultaneous

information on renal blood perfusion, unilateral renal GFR and

renogram, which is often used as an important method for

quantitative evaluation of renal function in clinical practice (9–12).

As highlighted in the joint SNMMI/EANM practice guideline,

renal scintigraphy is primarily a functional imaging modality and

lacks the spatial resolution to provide detailed anatomical

information, which is a recognized limitation in its clinical

application (13). Moreover, the accuracy of renal dynamic

imaging can be influenced by numerous factors, including the

delineation of regions of interest and the dosage of the

administered tracer (14).
Frontiers in Oncology 05
As a routine and preferred preoperative examination for

patients with kidney tumors, enhanced multi-slice spiral CT can

accurately and efficiently provide detailed information regarding

the morphology, density, blood supply, and perirenal anatomy of

the diseased kidney (15, 16). In this study, 99mTc-DTPA renal

dynamic imaging, combined with enhanced CT scanning, was used

to analyze the influence of renal masses on GFR, and to provide a

foundation for more accurate renal function evaluation and to guide

clinical decision-making.

In all the selected cases, there was no evident compression of the

renal sinus or involvement of the renal pelvis. Compression of the

renal sinus or renal pelvis by a space-occupying lesion can cause

urinary tract obstruction, resulting in hydronephrosis. This

condition increases glomerular capsular pressure and reduces

glomerular effective filtration pressure, while hydronephrosis-

induced compression of the renal parenchyma and thinning of

the renal cortex further contribute to a decline in GFR. Studies

indicate that GFR measurement lacks accuracy in the patients with

severe hydronephrosis but remains reliable in those with mild

hydronephrosis (17).

In healthy adults, renal parenchymal volume is strongly

correlated with GFR, reflecting its adaptation to metabolic

demands and its close association with renal function (18). In

patients with renal tumors, moderate correlations have been

observed between renal parenchymal volume and GFR both

before and after surgery (19–21). The percentage of parenchymal

volume preserved (PPVP) is a critical factor influencing

postoperative renal function after partial nephrectomy (PN).

Larger and more complex tumors are strongly associated with

reduced PPVP; however, meticulous surgical precision can

mitigate this effect to some degree (22, 23).

A study showed that tumor volume significantly impacts GFR

when measured using enhanced CT scanning, as the CT-GFR value

—determined by subtracting the CT-GFR measurement without a

renal tumor from the CT-GFR measurement with a renal tumor—

was strongly correlated with renal tumor volume (24). However, in

our study, while the GFR in the diseased kidney was lower than that
TABLE 2 Comparison of glomerular filtration rate (GFR) between
diseased and healthy kidneys.

Group Case number (n) GFR (ml/min)

Healthy kidney 50 38.57 ± 9.48

Diseased kidney 50 30.84 ± 8.87

t 5.46

p <0.01
TABLE 3 The correlation of GFR change amplitude with the volume of
the mass and net increment of CT value of mass (n=50).

Parameters r p

Volumes of masses 0.23 0.11

Net increments of CT value of masses in the
parenchymal phase

-0.38** 0.01

Net increments of CT value of masses in the
excretory phase

-0.26 0.07
**denotes statistical significance.
FIGURE 2

Correlation analysis between CT enhancement characteristics and GFR change. (A) Scatter plot showing no significant correlation between renal
mass volume and the amplitude of GFR reduction (r = 0.23, p = 0.11). (B) Scatter plot demonstrating a significant negative correlation between the
net increment of CT value in the parenchymal phase and the GFR reduction (Spearman’s r = -0.38, p = 0.01). The trend line (red) was generated
based on nonlinear fitting of all 50 data points to illustrate the overall relationship. Solid circles represent malignant tumors; triangles represent
benign masses. This supports the hypothesis that greater tumor vascularity is associated with a smaller apparent reduction in SPECT-GFR (i.e., a
greater overestimation of true function). (C) Scatter plot showing no significant correlation between the net increment of CT value in the excretory
phase and GFR reduction (r = -0.26, p = 0.07).
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in the contralateral healthy kidney, no correlation was observed

between the size of the space-occupying mass and the decline in

GFR in the diseased kidney. This discrepancy may be attributed to

the fact that all cases in our study involved localized masses,

predominantly small endogenous masses, whereas larger masses

caused extrusion of normal renal parenchyma and expansion

outside the kidney, primarily resulting in kidney displacement

rather than significant parenchymal volume reduction. These

conditions led to no notable difference in GFR reduction relative

to the volume reduction in renal parenchyma. Therefore, the renal

GFR should not be assessed preoperatively solely based on the

volume of the renal mass, as this approach may inaccurately

influence the determination of the surgical plan.

In SPECT renal dynamic imaging, the renal blood perfusion

phase occurs within the first minute after radiopharmaceutical

injection, corresponding to the renal parenchymal phase in

contrast-enhanced CT. The renal function phase in SPECT begins

after the first minute, aligning with the renal parenchymal phase in

CT. Delayed SPECT imaging at 3 minutes corresponds to the

excretory phase in CT. When renal masses exhibit high

enhancement (net increment CT value) in the parenchymal phase

of CT, they may also accumulate significant amounts of the 99mTc-

DTPA tracer during the SPECT functional phase. Consequently, the

radioactive counts originating from the mass itself are inadvertently

included in the total renal counts, leading to an overestimation of

the kidney’s radioactivity and a consequent underestimation of the

true GFR. Thus, the decline in GFR is negatively correlated with the

net increments of CT values in the renal masses during the renal

parenchymal phase of CT. During delayed SPECT imaging, the

radioactive counts within the masses may affect the decline rate of

the excretory segment of the renogram but do not affect the

calculation of GFR value. Consequently, the decline in GFR is not

correlated with the net increments of CT values in the masses

during the excretory phase of CT.

While this study focused on the influence of vascularity on

dynamic GFR measurement, future investigations could

incorporate agents like 99mTc-DMSA, which binds to renal

tubules, to separately assess the functional parenchymal volume

and further disentangle the contributions of tumor perfusion versus

functional renal tissue loss to the observed GFR changes.

When renal tumors are malignant, they secrete vascular growth

factors that promote the infiltration of tumor neovascular plexus

and the expansion and disorganized growth of the tumor (25, 26).

Therefore, renal malignant tumors often show increased blood

perfusion, leading to a higher concentration of contrast agent

within the tumor during enhanced CT scanning, resulting in an

elevated CT value. When a tumor demonstrates high enhancement

in the parenchymal phase of CT, it indicates a rich internal vascular

supply and delayed clearance of the contrast agent. However, the

pathological grade of the tumor can influence not only the degree of

enhancement and the rate of contrast agent clearance during CT

scanning but also the calculation of the GFR (27–29). In this study,

the reduction in GFR in clear cell carcinomas of the same size varied

depending on differences in blood supply. Consistent with the

proposed mechanism, the apparent GFR reduction was less
Frontiers in Oncology 06
pronounced (i.e., the GFR was more overestimated) in kidneys

with masses exhibiting larger net increments of CT value in the

parenchymal phase. In this study, 2 cases of cysts showed no

enhancement in any phase of the scan, and the derived GFR

reduction in these cases was significantly greater, at 40.1% and

34%, respectively.

Our findings suggest that in patients with highly vascularized

renal masses, the GFR measured by SPECT might overestimate the

true function of the diseased kidney. Clinicians should be cautious

when using this GFR value to plan for partial nephrectomy, as the

postoperative renal function might be worse than predicted.

Integrating enhancement characteristics from CT can help in

making a more accurate functional assessment. Therefore, in

clinical practice, a highly enhancing renal mass on CT should

alert the clinician that the SPECT-derived GFR for that kidney

may be optimistically biased, and this should be factored into

surgical planning, particularly when considering nephron-

sparing surgery.

Given the relatively small and uneven sample size (e.g.,

predominance of clear cell carcinoma and right-sided masses),

the results of this study should be interpreted as preliminary.

This limitation precludes robust subgroup analyses across

different pathological subtypes or locations (left vs. right

kidney). Furthermore, the retrospective design may introduce

selection bias. To address these constraints, our research team

intends to expand the sample size in future prospective, multi-

center investigations, enabling a more robust and comprehensive

evaluation of the relationship between GFR changes and mass

characteristics. Additionally, we plan to incorporate multiple

comparison correction tests in future analyses to strengthen the

statistical rigor. A more extensive correlation analysis

integrating broader clinical data will also be undertaken to

provide a valuable reference for the establishment of predictive

renal mass models.
5 Conclusion

Renal masses are associated with a reduced GFR in the diseased

kidney compared to the healthy kidney. The blood supply to these

renal space-occupying masses can be assessed using CT scan.

During SPECT renal dynamic imaging, the blood supply of renal

masses can affect the calculation of GFR values. Specifically, the

abundant blood supply and delayed clearance associated with

malignant tumors may result in an overestimation of the GFR in

the diseased kidney, making the measured GFR value higher than

the actual GFR. Therefore, it is essential to objectively analyze these

findings in clinical practice to ensure accurate interpretation

and diagnosis.
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