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Abstract

Aim. The aim of this retrospective study is to investigate whether the renal cortical activity at 1st
and 20th minutes in renal scintigraphy can be used as a following parameter to determine the
presence of obstruction in pediatric patients group with ureteropelvic junction obstruction.
Method. The consecutive 322 kidney renograms were included in the study. Standardized diuretic
renograms were visually classified into three groups as non-obstructive, obstructive and
indetermined according to their responses to the diuretic. In addition, the cortical regions of
interest (ROI) were drawn manually at 1st and 20th min for each kidney and the cortical counts
were obtained. Apart from this, kidneys were divided into three major sub-groups based on
clearance half-time (T1/2); T1/2<10 min was defined as non-obstruction, T1/2>20 min as
obstruction and T1/2 with a value between 10 and 20 minutes as an indeterminate result.
Afterwards visual obstruction patterns and 1st/20th min. cortical activity ratios were compared.
Results. When the cortical activity ratios are compared to visual obstructive pattern(non-
obstructive, obstructive and indeterminate); on the Tc99m DTPA renograms the cortical activity
ratios which were greater than 82.8% were obstructive, ranging from 59.3% to 82.8% were found
indeterminate. On the Tc-99m MAG-3 renograms the cortical activity ratios which were greater
than 74.2% were obstructive, ranging from 44.6% to74.2% were found indeterminate. As a result
of the comparison of T 1/2 parameter with the obstruction patterns of the kidneys, T1/2 was in
indeterminate group in 124 (41.5%) out of 299 kidneys visually evaluated as non-obstructive while
in 7 (2.3%) kidneys T1/2 was in obstructive group. In 4 (23.5%) out of 17 kidneys which were
visually evaluated as indeterminate, T 1/2 was in normal group, in 5 (29.4%) of them T 1/2 was in
indeterminate group and in 8 (47.1%) of the 17 kidneys T1/2 was in obstructive group.
Conclusion. We think that the use of 1st/20th min. cortical activity ratios on the diuretic renogram
are helpful in establishing a diagnosis of obstruction in pediatric patient group.
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Ozet

Amag. Retrospektif olan bu ¢aligmada amacimiz, iireteropelvik bileskede darlig1 olan ¢cocuk hasta
grubunda, renal sintigrafilerde, 1’inci ve 20°nci dakikalardan elde edilen kortikal aktivite oraninin,
obstriikksiyonun  varligmmin  belirlenmesinde takip parametresi olarak kullanilabilirligini
arastirmaktir. Yontem. Caligmaya toplam 322 renogram dahil edildi. Standart renogram egrileri
ditretige verdigi cevaba gore viziiel olarak nonobstriiktif, obstriiktif ve siipheli olarak
smiflandirildi. Ayrica her bir bobrek igin 1’inci ve 20°nci dakikalarda kortikal ROI’ler ¢izildi ve
kortikal sayimlar elde edildi. Bunun diginda renogram ile hesaplanan T1/2 10 dakikanin altinda
olan bobrekler normal, 10-20 dakika indetermine, >20 dakika kotii drenaj olarak kabul edildi.
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Obstriiksiyon paternleri ile 1’inci ve 20°nci dakikalardaki kortikal aktivite oranlari kargilastirildi.
Bulgular. Kortikal aktivite sayimlarinin oranlari ile viziiel olarak belirlenen obstriiktif patern
(nonobstriiktif, obstriiktif ve siipheli) karsilastirildiginda, Tc-99m DTPA renograminda,
I’inci/20’nci dak. kortikal aktivite orani %82,8’in lizerinde olan hastalar obstriiktif, %59,3 ile
%82.8 olan hastalar obstriiksiyon agisindan siipheli olarak bulundu. Tc-99 m MAG-3 ile yapilan
sintigrafilerde ise, 1’inci/20°nci dak. kortikal aktivite oran1 %74,2’nin iizerinde olan hastalar
obstriiktif, %44,6 ile %74,2 olan hastalar obstriikksiyon agisindan siipheli olarak bulundu. T%
parametresinin  bobreklerin - obstrilksiyon paterni ile karsilastirilmast sonucunda; viziiel
degerlendirmeye gore non-obstriiktif olan 299 bobregin 124’iinde (41,5%) T' indetermine grupta,
7’sinde (2,3%) ise T' obstriiktif gruptaydi. Viziiel degerlendirmede siipheli grupta yer alan 17
bobregin 4’tinde (23,5%) T normal grupta, 5’inde (29,4%) T indetermine grupta ve 8’inde
(47,1%) TY% obstriiktif grupta yer almaktaydi. Sonug. Biz ¢ocuk hasta grubunda 1’inci/20’nci
dakika kortikal aktivite oranlarinin kullanilmasmin da obstriikksiyon tanisinin konulmasinda
yardimci oldugunu diisiinmekteyiz.

Anahtar sézciikler: Ureteopelvik bileske darligi, cocuklar, Tc99m-DTPA, Tc99m-MAG3
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Introduction

The congenital ureteropelvic junction obstruction (UPJO) is the most common cause of
hydronephrosis in children. Up to now surgery was the first option in the management of
UPJO, however this approach has changed as a result of the development of imaging
techniques [1, 2]. Congenital UPJO does not represent extrinsic anatomical entity. More
often, it is a result of an intrinsic process, such as an aperistaltic segment of the ureter.
Recent studies have already showed that spontaneous resolution can be seen in slightly
moderate and even severe hydronephrosis in newborns [3].

The certain parameters that can be prognostic indicator of UPJO and that can predict
which kidneys are safer to follow-up could not be determined yet. Therefore, it is still a
matter of debate when to start surgical operation in UPJO cases and which techniques and
parameters should be used to give this decision [4]. Diuretic renography is the most
commonly used diagnostic tool to detect functional significance of obstruction [5]. In
addition to clinical findings there are some crucial scintigraphic parameters that are used
for surgery such as the presence of obstruction by the renogram curve and
worsening/deterioration of differential renal function (DRF) in pediatric patients [6].

When the dilatation of collecting renal system is developed in UPJO, the renogram curve
shows rising uptake. This slow urinary flow can be accelerated with diuretic application.
However, the interpretation of obstruction in patients with poor diuretic response is a
major problem. The reason of using quantitative parameters in interpretation of diuretic
renogram is to determine the most accurate approach in the patient’s treatment decision.
A cut-off level which can distinguish between the partial and poor drainage has not been
found yet.

On the other hand, the drainage parameters that obtained from renogram after diuretic
injection are affected by factors such as patient’s hydration and quality of injection.
Recently it is recommended to use output efficiency (OE) and normalized residual
activity (NORA) parameters in interpretation of renal scintigraphy [7, 8]. Unfortunately
these parameters can only be used in new system gamma cameras. Therefore we aimed to
investigate whether the renal cortical activity at 1st/20th min can be used as a following
parameter to determine the presence and the degree of obstruction in pediatric patients
group with UPJO.
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Material and methods

We retrospectively reviewed the records of 161 patients (98 girls, 63 boys with a median
age: 8+0yrs, range: 1-17yrs) with the diagnosis of unilateral or bilateral UPJO is
suspicious which referred to our institution. The patients with dilated ureter, manifest
vesicoureteral reflux, ureteral stasis, ureterovesical obstruction, rotation anomaly and
single-kidney were excluded from the study. Also, the patients who were not bolus
injectioned were excluded from the study. Maternal or paternal written informed consent
was obtained prior to the scintigraphic study.

All children undergoing renography were adequately hydrated with saline solution.
Imaging was performed in the supine position under the gamma-camera. Diuretic
renograms were obtained with Tc99m -labeled diethylene triaminepenta-acetate (T¢c99m-
DTPA) or Tc99m -labeled mercaptoacetyltriglycine (Tc99m -MAG3). The
radiopharmaceutical was given intravenously with an age appropriate dose of
radioactivity (3.7 MBag/kg). The patients were placed in supine position. Bladder catheter
is not routinely used in our clinical protocol of pediatric examinations. Images were
acquired at 2s/frame for 30 frames and 60s/frame for 29 frames (64x64 matrix) with a
large field of gamma camera equipped with a low-energy all-purpose parallel-hole
collimator (Toshiba ECAM). Intravenous 0.5 mg/kg of furosemide was administered 20.
min after the radiopharmaceutical injection. Post-micturition images were obtained about
30. min after dynamic study. Regions of interests (ROI) were re-drawn over the kidneys
by the same specialist for this study. A perirenal C-type region of background activity
was used for background subtraction. Differential renal function values were calculated
by integral method (time interval 1-2 min) [9, 10].

The post-micturition static images were acquired within approximately 30 min after
dynamic renal study. A differential renal function of the kidney of between 45-55% was
defined as normal. The maximum length of the kidneys were measured in the longitudinal
and transverse axis on the gamma camera imaging. Size differences up to 1 cm between
left and right kidney was accepted to be symmetrical.

The cortical ROIs were drawn manually at 1st and 20th min. images for each kidney and
the cortical count ratios were obtained. According to diuretic response, visual
classification was done in three groups as obstructive, non-obstructive and indetermined
[4]. While making visual assessment, dynamic images as well as post-micturition static
images were take into account. The kidneys which were observed to perform pelvic
drainage spontaneously or after diuretic application in physiological time were considered
to be non-obstructive. The kidneys which did not perform pelvic drainage despite the
diuretic application during the dynamic study and post-micturition images were
considered to be obstructive. Patients with no classification, were considered to be
equivocal.

Futhermore clearance half-time (T %) of the activity calculated by renogram were used
for quantitative clasification of UPJO. Patients are divided into three major subgroups
based on T 'safter the injection of the diuretic (F+20); as Group 1-T %<10 min was
defined as non obstruction, Group 2-T %> 20 min as obstruction, Group 3-T Yawith a
value between 10 and 20 min as an indeteminate result [11, 12]. These obstruction
patterns are compared with 1st/20th min cortical activity ratios.

Statistical Package for the Social Sciences 15.0 software was used for statistical analysis.
The chi-square test, ROC analysis and independent sample t-test were applied to evaluate
the statistical significance of the parameters, significance levels were presented as p
values. It was assumed that the observed differences were statically significant at the
p<0.01 levels.
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Results

A total of 161 patients (98 female and 63 male,) between 1 month and 17 years of age
(median:8+0years) who had a total of 322 kidney renograms were included in this study.
Dynamic renal scintigrapy was performed with Tc99m DTPA in 112 patients and with
Tc99m MAG-3 in 49 patients. The stasis were detected in 150 of 224 kidneys whose
renograms were obtained by Tc99m DTPA. The statis were detected in 70 of 98 kidneys
whose renograms were obtained by Tc99m MAG-3.

While differential renal functions are symmetrical in 142 patients, whereas were
asymmetrical in 19 patients. Differential renal function on radionuclide scintigraphy
revealed 317 kidneys with>40% and 5 kidneys with DRF<40%. The difference between
both kidney sizes were greater than 1cm in 4 of 5 patients with DRF<40%. Also in the
same 4 of 5 patients small kidneys had DRF<40%, other 1 kidney had obstruction.
Among 220 patients with UPJ stasis 137 (62.3% ) patients had hydronephrosis (p<0.01)
(Table 1).

Table 1. Demographic and scintigraphic characteristics.

Characteristics n (%)

Mean age at diagnosis (years) (range) 1 month and years of age (median: 8+0yrs)
Sex

Female 98 (60.9%)
Male 63 (39.1%)
Radiopharmaceticals

Tc99m DTPA 112 (69.6%)
Tc99m MAG-3 49 (30.4%)
Differential Renal Function Ratio

Symmetric 142 (88.2%)
Asymmetric 19 (11.8%)

When the cortical activity ratios (1st and 20th min) are compared to visual obstructive
pattern(non-obstructive, obstructive and indeterminate); on the DTPA renograms the
cortical activity ratios which were greater than 82.8% were obstructive (100% specificity,
100% sensitivity, AUC=1), ranging form 59.3% to 82.8 were found indeterminate (92.8%
sensitivity, 92.3% specificity, AUC=0.958).

On the MAG-3 renograms the cortical activity ratios which were greater than 74.2% were
obstructive (100% specificity, 100% sensitivity, AUC=1), ranging from 44.6% to 74.2
were found indeterminate (95.6% sensitivity, 100% specificity, AUC=0.982).

When 1st/20th min. cortical activity ratio averages of DTPA were compared with MAG-3
by independent sample t-test, the ratios of DTPA were found significantly higher than
MAG-3 (p<0.01), (Table 2). The MAG-3 1st/20th min cortical activity ratio obtained
from equivocal/non obstructive group was less than 44.6%, whereas the DTPA 1st/20th
min. cortical activity ratio was 59.3%. We already know that the MAG-3 clearance (340
mL/minute) is greater than the DTPA clearance (125 mL/minute), therefore it is
compatible to our cortical activity ratios of this radiotracer [13].

When quantitative T'sobstruction parameters were compared with visual obstruction
patterns, 124 of 299 (41.5%) nonobstructive kidney based on visual assessment were in T
indeterminate groups, (2.3%) 7 of 229 were in T'40bstructive groups. Four (23.5%) of 17
kidneys in indeterminate group based on visual assessment were in T'znormal group, 5
(29.4%) were in T sindeterminate group, 8 (47.1%) were in T'40bstructive groups (Table
3).
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Table 2. When 1st/20th min. cortical activity ratio averages of DTPA were compared with
MAG-3 the ratios of DTPA were found significantly higher than MAG-3.

Radiopharmaceutical n  Mean p value
1st/20th min. cortical activity ratios Tc99m DTPA 224 50.56+12 P<0.05
Tc99m MAG-3 98 31.40+28 P<0.05

Table 3. According to visual evaluation and T% parameter comparison of the pattern of
obstruction (p<0.05).

Obstructive pattern (according to T parameter)

Obstructive Normal Equivocal Obstructive Total
Pattern(Visual Non-obstructive 168 (56.2%) 124 (41.5%) 7 (2.3%) 299
Evaluation) Obstructive 0 2 (33.3%) 4 (66.7%) 6
Equivocal 4 (23.5%) 5 (29.4%) 8 (47.1%) 17
Total 172 (53.4%) 131 (40.7%) 19(5.9%) 322
Discussion

Common causes of upper tract obstruction include obstructing stones and UPJO.
Obstructive nephropathy is a renal dysfunction which develops after uropathy. Congenital
UPJO is the most frequent cause of obstructive nephropathy. The first pathophysiologic
change in UPJO is the increase in the intrapelvic hydrostatic pressure [14]. Renal
parenchyma is tried to be protected by the dilatation of renal pelvis. Hydronephrosis
refers to distension and dilatation of the renal pelvis and calyces. It is a mechanism that is
developed to protect the kidney from high pressure and renal damage. Although it is
frequently observed with obstructions in the upper urinary system, it can also be the result
of many non-obstructive factors such as vesicoureteral reflux, dilated extrarenal pelvis or
extremely full bladder [15, 16].

Urinary obstruction increases the risk of infection and urolithiasis, probably by urinary
stagnation [17]. If obstruction is not treated in time, it can cause progressive loss of
kidney functions [11]. The prolonged excretion does not always indicate obstruction. In
addition to this, renal functions can be reversible by surgical treatment even in the severe
hydronephrotic kidneys accompanied with thin renal parenchyma in children [18].
Although there are not any changes in differential kidney functions in partial
ureteropelvic obstructions, the functional changes can occur in the kidneys [19]. On the
contrary, there might be spontaneous recovery in patients with non-obstructive
hydronephrosis. For this reason, watchful-waiting approach is preferred primarily [14].
Radionuclide scintigraphy shows the presence and severity of obstruction as functionally
in hydronephrosis cases caused by obstructions in ureteropelvic junctions [3]. Therefore,
it is one of the most important imaging methods to be used in the diagnosis and following
of UPJO.

Ultrasonography is the preferred screening modality in the evaluation of hydronephrosis,
but it doesn’t illustrate the cause of UPJO or permit functional evaluation of the kidney.
Obstructive hydronephrosis is usually diagnosed by imaging prolonged drainage in
diuretic renal scintigraphy [20]. The renogram pattern identified in diuretic scintigraphy
is related to the degree of the obstruction and it helps to decide whether a surgical
treatment is needed or not [21-24]; because, in UPJO treatment, there are two debatable
facts; first the initial management of patients and second the appropriate time of surgical
intervention. In dynamic renal scintigraphy, the first finding in hydronephrotic kidneys is
the decrease of radiotracer in similar amounts in renal pelvis and collecting system in the
area surrounding renal parenchyma. The amount of retained radiotracer is related to the
functioning of hydronephrotic kidney [3]. In severe obstructions, the accumulation of
radiotracer in dilated renal pelvis is considerably slow compared to normal kidneys. The
decrease in DRFs in renograms and/or prolonged renal transit time are important criteria
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used in the demonstration of renal obstruction [25]. The visual evaluation of renogram in
renal scintigraphies is a routine and easy technique. However, in UPJO cases where
visual evaluation is inadequate in determining of the degree of obstruction, and it is
necessary to use quantitative value in the interpretation of those cases.

Many studies have been carried out in order to determine the degree of obstruction
qualitatively. Whitaker et al. [26] measured the kidney pressure directly with an invasive
technique to evaluate the obstruction. According to this test, the reason of renal damage
in obstruction is the increase in renal pressure. However, because the technique was quite
invasive, it was abandoned in the diagnosis of UPJO. Another parameter used in the
evaluation of obstruction was T'sthat calculated by renogram curve. It used to be believed
that an early surgery was necessary to prevent urinary system infections in cases where
T'%sparameter was prolonged in diuretic renography, and that this parameter was helpful
in giving the decision of surgery [27]. In our study, 41.5% of the kidneys were in the
indetermined group and 2.3% were in the obstructive group according to T'4parameter
although they were classified as non-obstructive by visual evaluation. The 23.5% of the
kidneys which were in the normal group and 47.1% were in the obstructive group
according to T'4parameter although they were in the indetermined group according to
visual evaluation.

In recent years, surgical intervention is accepted as a common management when the
deterioration of hydronephrosis in unilateral UPJO occurs and when the split function in
diuretic scintigraphy is below 40% [14, 24, 28]. However, in cases like ours especially
with bilateral stasis, although the functions decrease, the DRF symmetry does not change.
Bilateral cases require more serious follow-up and early surgical treatment is necessary.
For this reason, although the use of split function in giving the decision of surgery is
appropriate in unilateral UPJ obstructions, it is not appropriate in cases with bilateral
stasis. This is because no abnormality in the symmetry of kidney functions can be
detected until a severe damage in renal parenchyma develops. Renal retention time is the
time when radiotracer stays in tubulus before it is sent to ureters. Transit time in non-
obstructive patients with dilatation is longer when compared to normal patients [8, 22].
Studies carried out in recent years show that the evaluation of both prolonged cortical
transit time and poor kidney washout is a valuable indicator/marker for patients who can
benefit from pyeloplasty [4, 29]. Also in our study, the activity remaining in the kidneys
in 20th minute was found over 82.8% and 74.2% for Tc99m DTPA and Tc99m MAG-3
respectively and this supports the existence of obstruction. Schlotmann et al. [4]
emphasized the predictive role of tissue tracer time as a parameter in their studies by
stating that patients who were visually evaluated and have delay in tissue tracer time
should be treated whereas the risk is low for patients who are found to be normal in tissue
tracer time.

The limitation of our study are the limited number of patients with obstruction and the
patients follow-up as it is a retrospective study.

Recently the output efficiency (OE) and normalized residual activity (NORA) parameters
are recommended in interpretation of renal scintigraphy [7, 8]. NORA is remaininig
activity in the kidney at given time. OE is the amount of tracer which has left the kidney
at time “t” in percent of what the kidney has taken up from the blood [30]. These
parameters can quantify the renal drainage and estimate the washout of kidneys
independently from differential functions. However, the special software is needed to
calculate these parameters [31].

Diuretic renography is the most important technique for functional representation of the
presence and severity of uretero pelvic junction obstruction.

In conclusion, although NORA and OE are quite reliable, useful in clinics that have
simple gamma camera systems, the 1st/20th min cortical activity ratio may be useful in
the diagnosis of renal obstruction.
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