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Abstract

Dynamic renal scintigraphy with “*™Technetium diethylenetriaminepen-
taacetic acid (99mTe-DTPA) is a generally used imaging technique for evaluat-
ing renal function of patients with various nephro-urological conditions. How-
ever, the application of SPECT/CT is not regularly performed as a part of the
study. The aim of the study was to evaluate the added value of SPECT/CT
imaging to dynamic renal scintigraphy with ?°™Tc-DTPA. Thirty-eight pa-
tients — 23 females (60.5%) and 15 males (39.5%), aged 16-83 years (mean:
55.4, standard deviation: 18.76) underwent dynamic nephroscintigraphy with
subsequent SPECT/CT. The CT scan was performed with a low dose proto-
col. A dose of 185 MBq (5mCi) 9™ Te-DTPA was administered intravenously.
Our analysis demonstrated impaired relative renal function in various degrees
of left kidney in 21 patients (55.3%) and of right kidney in 17 patients (44.7%).
SPECT/CT imaging revealed the specific cause, responsible for the renal dys-
function in the cases. The hybrid imaging demonstrated calculosis in 11 pa-
tients, urological cancer in 6 patients, postoperative strictures of ureter in five
patients, external compression of ureter from ovarian cyst in one patient and
compression of ureter due to nephroptosis in one patient as a possible obstruc-
tive cause. In 14 patients congenital renal anomalies were the identified causes
of impaired renal function — hypoplastic kidney in five patients, duplex kid-
ney in three patients, multiple cortical cysts in three patients, aberrant vessel
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obstructing the pyelo-ureteral segment in two patients and horseshoe kidney
in one patient. The combination of conventional ***Tc-DTPA dynamic renal
scintigraphy with subsequent SPECT /CT could provide not only functional but
also anatomical information of the urinary tract, especially in the evaluation of
obstructive uropathies and congenital renal abnormalities that can change the
clinical management.

Key words: 99mTc-DTPA dynamic renal scintigraphy, SPECT/CT, uro-
pathies, nephropathies

Introduction. Dynamic renal scintigraphy with ™ Technetium diethylene-
triaminepentaacetic acid (™ Tc-DTPA) is a widely used method for renal func-
tion evaluation of patients with different nephron-uroligical conditions — kidney
anomalies, nephrocalculosis, obstructive uropathies before and after operation,
nephrotoxicity, renal transplant, etc. [1].

Nephroscintigraphy is an indispensable imaging method in determining the
degree of obstructive uropathy [2].

The study is evaluated in two ways — qualitative (visual) and quantitative,
using different parameters, for example, relative renal function, which is an im-
portant indicator that is difficult to determine with other methods, Ty,.x and
T2 [3,4].

One of the main indications for conducting the study is the diagnosis of ob-
struction of the excretory system. Combining the dynamic renal scintigraphy with
the 3D-SPECT /CT method would allow accurate localization of the pathological
process (for example, in case of calculus or external compression of the ureter),
increasing the informative value of the study and determining the accurate diag-
nosis. The method is suitable for determining the type of operation procedure
needed and for monitoring treatment results. SPECT camera systems with built-
in computed tomography (CT) provide the ability to integrate functional and
anatomical imaging during a single examination, allowing a one-stop-shop evalu-
ation for various diseases.

Dynamic renal scintigraphy with subsequent SPECT/CT examination is a
diagnostic method possessing a number of advantages, including good technical
reproducibility, low levels of radiation exposure, good tolerance of the examination
by the patient and absence of allergic reactions and unwanted side effects [5].

The method could be used for morphological and functional evaluation of the
kidneys in patients with an allergy to the contrast agents used in CT and MRI
scans, or in patients with impaired renal function, where their nephrotoxic effect
can lead to severe consequences [6].

However, the clinical application of consequent SPECT /CT examination after
dynamic nephroscintigraphy is not routinely performed and is therefore a rarely
discussed topic in the medical literature.

The aim of the study was to evaluate the added value of SPECT /CT imaging
to dynamic renal scintigraphy with %™ Tc-DTPA.
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Materials and methods. A retrospective study was conducted between
October 2018 and July 2023. A cohort of 38 patients — 23 women (60.5%) and
15 men (39.5%), aged 16 to 83 years (mean: 55.4, standard deviation: 18.76)
underwent dynamic renal scintigraphy with consequent SPECT /CT examination.
Written informed consent was obtained from each patient for the examination with
99mTe_DTPA and subsequent SPECT /CT scan in the lumbar region. Preparation
of the patients included intake of approximately 500 ml of water 30 min before the
examination and discontinuation of diuretics in each patient at least 24 h before
the examination.

Patients were scanned in supine position. The dynamic study was per-
formed after an intravenous bolus injection of 185 MBq (5 mCi) %™Tc-DTPA.
The SPECT/CT scan protocol included 360° rotation mode with 64 projections,
25s/projection, matrix 256 x 256, followed by a low-dose CT scan with the fol-
lowing parameters — voltage 130kV, current magnitude 30-50 mA; slice thickness
3-5bmm.

Results. After analyzing the results of the dynamic nephroscintigraphy,
impaired relative renal function was found in various degrees in 21 patients of the
left kidney (55.3%) and in 17 of the right kidney (44.7%). Loss of function of one
kidney was found in 16 patients (Fig. 1).

The subsequent SPECT /CT enabled the visualization of the cause for renal
dysfunction in the analyzed 38 cases. The hybrid SPECT/CT images revealed
obstructive uropathy caused by urolithiasis in 11 patients (29%), of them, unilat-
eral involvement was found in 9 people (24%). In other two patients, there was a
different degree of bilateral obstruction from calculi.

Staghorn calculi were found in two of the patients and the volume of the
following operative interventions was planned based on the performed SPECT /CT
study. This confirms the clinical usefulness of the method when a decision on the
necessity and volume of the surgical intervention is made, determining the exact
condition of the urinary system.

The second most frequently diagnosed cause of impaired renal function by
SPECT/CT was urological cancer in six (16%) of all patients.

The third most common cause of renal dysfunction among the obstructive
causes were postoperative strictures of ureter in five patients (13%).

In one patient external compression of ureter from ovarian cyst and com-
pression of ureter due to nephroptosis in one patient were observed as a possible
obstructive cause.

In 14 patients congenital renal anomalies were the identified causes of im-
paired renal function — hypoplastic kidney in five patients, duplex kidney in three
patients (Fig. 2), multiple cortical cysts in three patients (Fig. 3), aberrant vessel
obstructing the pyelo-ureteral segment in two patients and horseshoe kidney in
one patient (Fig. 4).
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Fig. 1. Dynamic renal scintigraphy of a 75-year-old man. The right kidney is with preserved

shape and size, with preserved secretory function, Tmax = 3min (norm up to 6 min) and pre-

served excretory function, Ty/; = 21.7min (norm up to 25 min) — the green nephrogram. The

left kidney is with intensely reduced radiopharmaceutical fixation with a renal failure pattern

nephrogram, without detecting Trmax and Tz, (the red curve) — suggestive of loss of function
of the left kidney. Relative function left kidney:right kidney is 12.7%:87.3%, respectively

Fig. 2. Hybrid SPECT/CT imaging demonstrates a duplex
kidney to the right with a common pyelon and ureter
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Fig. 3. Hybrid SPECT/CT images reveal multiple cortical cysts in both kidneys,
leading to a general increase in their transverse and longitudinal dimensions

Fig. 4. SPECT/CT imaging reveals a congenital anomaly — a horseshoe kidney, with a fibrous
bridge connecting the two lower poles of the kidneys. A cortical cyst of the left kidney is seen
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The clinical application of dynamic renal scintigraphy and subsequent
SPECT/CT scanning was also used for the follow-up of patients in whom renal
dysfunction was already diagnosed, in order to assess and guide clinical manage-
ment and following therapy. The provided information (physiological and dy-
namic) is suitable for determining the type of therapeutic approach — watchful
waiting, conservative treatment, minimally invasive surgical methods of treatment
(extracorporeal lithotripsy, ureterorenoscopy, percutaneous nephrolithotripsy) or
radical surgical treatment in oncological patients.

Discussion. In order to accept the diagnosis loss of renal function, it is nec-
essary to register a renogram, suggestive of nephrectomy, absent or weak accumu-
lation of the radiopharmaceutical in the renal parenchyma, and relative function
of the kidney below 15% [7].

Some authors consider values < 10% as an indication for nephrectomy [8|.
However, in cases of relative renal function in the range 15-20%, recovery of renal
function is rarely successful [9].

On the other hand, in cases of congenital hydronephrosis due to pyeloureteral
stricture SINGH et al. [10] claim that when the relative renal function is > 15%
pyeloplasty is the method of choice, for values below 5% nephrectomy is necessary,
and for values in the range of 6-15% percutaneous nephrostomy placement is
appropriate, but in the absence of improvement nephrectomy is required.

However, these percentages are relative and can sometimes be misleading. Re-
sults mimicking impaired kidney function when conducting dynamic renal scintig-
raphy can be obtained when the patient is poorly hydrated, in cases of extravasal
injection, vessel collapse, non-obstructive dilatation of the pyelocalyx system, im-
mature kidneys that lead to delayed accumulation and excretion of the radiophar-
maceutical.

A subsequent SPECT/CT scan can help in the differentiation of morpho-
logic causes (obstruction, nonobstructive dilatation of the pyelocalyx system, and
immature kidney, leading to retention) and therefore increases the diagnostic ac-
curacy of the study.

There is scarce amount of data in the medical literature for the application of
99mTc DTPA dynamic renal scintigraphy combined with SPECT/CT in patients
with urological diseases.

Ji et al. [11] pointed that the combination of ™Tc-DTPA dynamic renal
scintigraphy and subsequent SPECT/CT imaging could be used in the clinical
examination of patients with obstructive uropathies, thus obtaining functional
and morphological information providing assurance in the clinical management of
patients with obstructive renal diseases.

In a publication MIYAZAKI et al. [12] proved that ?™Tc-DTPA SPECT and
CT volumetry for measuring relative renal function had a superiority compared to
planar ™Tc-DTPA imaging, indicating the utility of CT data in the evaluation
of relative renal function [12].
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A similar publication on the application of dynamic renal scintigraphy with
SPECT/CT was published by JUNG et al. [13], reporting a case of urinoma in
which other imaging modalities (ultrasound, intravenous pyelography, and pla-
nar renal scintigraphy) were inconclusive of the diagnosis. SPECT/CT was the
method that helped in finding the correct diagnosis, due to the fact that imaging
methods such as CT and ultrasound have a limited role in revealing the origin
of fluid collections in the abdominal cavity and pelvis. Intravenous pyelography
is a relatively insensitive method for diagnosing urine leakage. Normal results
are found in more than 30% of cases with significant renal trauma and urine
leakage [14].

Although dynamic renal scintigraphy is used to detect urine leakage and uri-
nomas, planar examination may show inconclusive results, where SPECT/CT
may increase sensitivity by accurately localizing the collection and the site of
leakage [15].

Conclusion. The application of the SPECT-CT method significantly in-
creases the diagnostic accuracy of dynamic nephroscintigraphy, which can be ap-
plied practically in detecting morphological causes, determining the presence and
degree of renal or ureteral obstruction, as well as following up of patients with
kidney disorders in order to assess and guide clinical management and follow-
ing therapy. The combination of conventional dynamic renal scintigraphy with
SPECT/CT provides functional and anatomical information about the kidneys
and ureters in the assessment of obstructive uropathies, congenital renal condi-
tions, and urothelial cancer, allowing a one-stop-shop evaluation of various nephro-
urological diseases.
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