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SUMMARY

Introduction/Objective Nuclear Medicine Section of IAEA has developed the software for dynamic renal
scintigraphy, which allows calculation of advanced parameters of drainage: renal output efficiency (OE)
and normalized residual activity (NORA).

The aim of this study was to validate IAEA software by comparing results of parameters of renal drainage
in normal subjects against their established reference values and to assess diagnostic accuracy of OE and
NORA in distinguishing between obstruction/unobstruction.

Methods Fifty-five patients with suspected obstruction and 36 kidney donors were investigated. Group
A consisted of 24 obstructed kidneys, Group B of 37 kidneys with dilated urinary tract, and Group C of 72
normal kidneys. Forty-minute acquisition was applied. Furosemide was administered after 20 minutes.
Post-micturition image was acquired at 50 minutes. The analyzed parameters were as follows: OE at 20
minutes (OE, ) and at the end of the furosemide test (OE, ), NORA at 20 minutes (NORA, ) and after mic-
turition (NORA,, ). One-way ANOVA was used for evaluating the differences between the groups. Ability
of OE,; and NORA,, to distinguish between obstruction/unobstruction was determined by ROC curve
analysis. The sensitivity, specificity, area under the curve, and cut-off values were analyzed.

Results Excellent agreement of our results with established OE and NORA values was found. The differ-
ence between the groups was significant for OE,, OE, , NORA, ,and NORA,, (p < 0.001). Cut-off values
for obstruction were 82% and 0.11 for OE,  and NORA, , respectively.

Conclusion IAEA software gives reliable analysis of diuretic renography and helps to better diagnose
obstruction. IAEA should be encouraged to produce final version of the software and to release it online.
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INTRODUCTION

Diuretic renography is an old nuclear medicine
technique, which is still widely used in the di-
agnosis of upper urinary tract obstruction. The
differentiation between obstruction and non
obstructive dilatation is assessed by the analysis
of the down-slope of renogram curve after in-
jection of furosemide [1]. The advanced quanti-
tative parameters of kidney drainage, i.e., renal
output efficiency (OE) and normalized residual
activity (NORA) were proposed some time ago.
They were shown to be the least dependent of
the underlying single kidney function in com-
parison with other parameters [2, 3].
Nonetheless, these parameters have not been
routinely used, since the majority of software
for the analysis of diuretic renography did not
incorporate the tools for their calculation. In
the meanwhile, the Nuclear Medicine and
Diagnostic Imaging Section of the International

Atomic Energy Agency (IAEA) has developed
non-commercial software for renogram pro-
cessing on a simple p-computer, which gave
the opportunity of calculating OE and NORA
[4]. However, neither was this software fully
completed, nor was the quality of its quantita-
tive indices validated in comparison with any
commercial software package.

In this study we used MAG-3 and a specific
time for injecting furosemide and studied the
performances and clinical reliability of the use
of IAEA Software Package in detecting urine
flow obstruction. The aims were as follows: a)
to validate the numerical outputs of this soft-
ware by comparing the results of parameters of
renal drainage in normal subjects against their
established reference values, and b) to assess
the diagnostic accuracy of OE and NORA in
distinguishing between obstructed and patent
upper urinary tract.
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METHODS

Patients enrolled in this study were referred
from the Urology Department between
November 2011 and July 2014 with the di-
agnosis of unilateral or bilateral urological .
disorder which caused the dilatation of the
collecting system and suspected upper uri-
nary tract obstruction. They had undergone
#mTe-MAG-3 dynamic scintigraphy with fu- rl
rosemide stimulation. The criteria for inclu-
sion in the patients’ groups were age over 18
years, renal function tests (serum creatinine .
level — sCr, creatinine clearance — ¢Cr) and 2000
at least two imaging tests whose findings i
suggested obstruction. The exclusion crite-
ria were recent renal or ureteral surgery and
high grade of vesicoureteric reflux. There i
were 55 patients, 23 males and 32 females, ol /
aged 21-73 years (mean: 44.4 £ 16.0 years). /
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nation. They had no structural abnormality
of kidneys on ultrasound examination nor
any history of kidney, urinary, or cardiovas-
cular disorder, autoimmune disease, or dia-
betes. There were 16 males and 20 females
(age range: 35-73 years; mean: 51.7 £ 10.6 years) in the
control group.

Ethical approval for this study was obtained from the
Ethics Committee of the University Clinical Center of
Serbia (approval number: 668/6/2018), and the written
informed consent from the patients was obtained.

Each subject received 500 ml of water 60 minutes before
the study and emptied the bladder just before the acquisi-
tion. A large field of view y camera (Siemens Orbiter 7500,
Siemens, Erlangen, Germany) was set up with low-energy
all-purpose collimator. The subject was in the supine posi-
tion above the camera, which was positioned to include the
left ventricle and both kidneys. A 40-minute acquisition
protocol with 240 10-second images in 128 x 128 matrix
size was applied. The dose of *"Tc-MAG-3 was adjusted
for body weight, with a minimum of 74 MBq (2 mCi) and
a maximum of 200 MBq (5.5 mCi), according to the re-
spective guidelines [5, 6]. Furosemide was administered
20 minutes after the acquisition. Post-void static image of
one minute duration was acquired 50 minutes after tracer
injection.

Regions of interest were drawn over the left ventricle
and both kidneys. The renal regions of interest included
the kidney cortex and pelvis. From the generated reno-
grams, the time to maximum activity (T ) and to half
maximum (T, ,) were calculated. Differential renal func-
tion (DRF) was determined using the Rutland-Patlak plot
method [7].

Three experienced physicians (two nuclear medicine
specialists and one urologist) analyzed each patient and
classified the kidneys into two categories. The division
was based on the analysis of the pattern of excretion on
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Figure 1. A structured display of IAEA Software Package review screen; serial 1-minute
images of kidneys enable the estimation of tracer kinetics; composite parametric
image with regions of interest over kidneys, left ventricle, and background; postmic-
turition image; renogram curves

diuretic renography after furosemide (by visual assessment
of dynamic images and curves, T___and T, values) and
imaging tests other than renography (ultrasound, IVU,
CT, MRU). Kidneys with poor drainage after furosemide
and clinical/radiological signs of obstruction were classi-
fied into Group A. They were characterized by progressive
accumulation of the radiopharmaceutical in the collecting
system on dynamic scintigraphy and retention of the tracer
on post-micturition images. Other imaging tests showed
significant dilatation of pelvi-calyceal system and lack of
appearance of radiology contrast media in the lower uri-
nary tract. Group B consisted of hypotonic unobstructed
kidneys with good drainage of the pelviureteric system
after furosemide on dynamic scintigraphy images, followed
by significant further drainage on post-micturition images.
Radiology imaging tests revealed moderate pelvic dilata-
tion and signs of patent urinary tract.

For the OE and NORA, the IAEA software package was
used (Figure 1). These parameters were determined at two
time points: OE at 20 minutes (OE,)) and at 40 minutes
(20 minutes after furosemide injection, OE, ), NORA at
20 minutes (NORA, ) and on the post-micturition acquisi-
tion (NORA

PM)'

Statistical analysis

For assessing the results of the research, descriptive and
analytical statistics (IBM SPSS Statistics, Version 20.0; IBM
Corp., Armonk, NY, USA) were used. The default level of
significance was put below 0.05 level. We used the one-
way ANOVA for evaluating the differences between the
groups. The unpaired t-test was used to compare the values
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Table 1. Parameters of *"Tc-MAG-3 renogram in normal kidneys

Beatovic Lj. S. et al.

Table 2. Output efficiency and normalized residual activity

Values [T (min) | T, ,(min) | OF,, (%) | OE, (%) | NORA,, | NORA,, | DRF (%) in kidneys with obstructed or dilated urinary tract.
5 - = = - - = = Groups ‘ O, (%) ‘ OE,, (%) ‘ NORA,, | NORA,,
Mean | 357 6.61 9129 | 9706 | 038 | 002 | 5023 Group A (obstructed)
SD 0.66 1.75 277 125 | 011 | 001 | 343 n 24 24 24 24
Min 0.7 25 84 92 016 | 001 43 Mean 49.61 66.18 24 0.32
Max 52 11 97 98 069 | 006 57 b 12.2 10.64 0.54 0.11
DRF - differential renal function; T__ - time to maximum activity; T, ,time to half maximum Min 31 47 1.73 0.17
activity; O, - output efficiency at 20 minutes; OE, - output efficiency at the end of the Max 71 82 3.46 0.65
furpsemldeite‘:st; NORA,, — normalized residual activity at 20 minutes; NORA,,, — normalized Group B (dilated)
residual activity after micturition
n 37 37 37 37
Mean 66.92 93.31 1.57 0.03
between groups A and B. The relationship between OE, S'? 1275 3.70 0.66 0.01
and NORA, was assessed by Pearson correlation coef- Min 38 84 042 0.01
ficient and linear regression analysis. The ability of the Max o % 351 0.06
p* < 0.001 < 0.001 < 0.001 <0.001

OE, and NORA, | to distinguish between obstruction/
unobstruction was determined by receiver operating char-
acteristics (ROC) curve analysis. Sensitivity, specificity, the
area under the curve (AUC) with 95% confidence interval,
and cut-off values were analyzed.

OE,, - output efficiency at 20 minutes; O, - output efficiency
at the end of the furosemide test; NORA | -~ normalized residual
activity at 20 minutes; NORA, | - normalized residual activity
after micturition;

*significance level from comparison of kidneys with good and
poor drainage

Table 3. Receiver operating characteristics analysis for output efficiency at the end of
the furosemide test and normalized residual activity after micturition

RESULTS Predictor Ol Sensitivity | Specificity
h n | AUC 95% Cl p cut-off
N variables (%) (%)
Subjects value
OE40 (%) | 61| 0.992 | 0.934-1.000 | < 0.001 <82 98 91
Fifty-five patients presented with 61 hydro- | NORAPM |61 | 1.00 | 0.852-1.000 | <0.001| >0.10 97 95

nephrotic kidneys (49 patients with unilat-
eral, six with bilateral HN). The underlying
clinical diagnosis were pelviureteric junction
narrowing (51%), renal calculus (38%), ure-
teral stenosis (4%), and other (7%). Twenty-four kidneys
had the signs of obstruction and were classified into Group
A, while Group B consisted of 37 kidneys with dilated but
unobstructed upper urinary tracts. The control Group C
consisted of 36 subjects with 72 renal units. In total, 91
subjects and 133 renal units were analyzed.

Parameters of renal washout in control subjects

There were 72 kidneys in Group C (36 on the left and 36
on the right side). In all kidneys, the DRF was normal,
43-57%. Table 1 shows the mean and standard deviation,
the minimum and maximum values for Tmax, Tm, OE,,
OE,, NORA,, NORA, ,and DRE As expected, the values
for NORA were low, whereas OE was high.

Parameters of kidney washout in patients

Group A consisted of 23 kidneys, and Group B of 36 kid-
neys. The results of NORA , OF, , OE,,and NORA  are
shown in Table 2.

The one-way ANOVA comparison between the groups,
taking normal Group C as the reference, showed signifi-
cant difference for the OE,, OE,, NORA,,and NORA, |
(p < 0.001, Figure 2). Comparing the values between
groups A and B, the significant difference was obtained
for the values of OE, and NORA,, (p < 0.001).

20 20 40

‘ DOI: https://doi.org/10.2298/SARH200520003B

OE,, - output efficiency at the end of the furosemide test; NORA,,, -~ normalized residual activity
after micturition;

AUC - area under the receiver operating characteristics curve

Significant inverse linear correlation between NORA, |
and OE,  was obtained by linear regression analysis
(r=-0.982;y=99.1 - 20.2x) at 0.001 level. The dispersion
of the values along the line of regression slightly increased
when the quality of drainage decreased (Figure 3).

The ability of the OE, and NORA,  to distinguish be-
tween obstructed and unobstructed kidneys were analyzed
by the ROC curve analysis. The AUC with 95% confidence
interval, optimal cut-off values, sensitivity, and specificity
are summarized in Table 3.

DISCUSSION

In adult patients with suspected upper urinary tract
obstruction, we studied the performances of the IAEA
software for the comprehensive analysis of radionuclide
renography and validated the reliability of its numerical
outputs for characterizing kidney drainage, by compar-
ing with reference values for *"Tc-MAG-3. The obtained
results revealed excellent agreement with established nor-
mal ranges of OE and NORA. Normal kidneys presented
with OE, values higher than 83%, OE, higher than 91%,
NORA, lower than 0.70 and NORA,, lower than 0.07.
In kidneys with obstruction, OE,  was lower than 83%
and NORA,,, was higher than 0.17. Furthermore, OE
showed high sensibility and specificity in verifying insuftfi-
cient drainage. The calculated cut-off values for predicting
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Figure 2. In a-d, the values of output efficiency OE, , OE, , normalized

residual activity NORA, and NORA,, (postmicturition) are, respectively,
represented for the groups of patients A, B, and C; OE is given in per-
centage and NORA in units

poor drainage were shown to be < 82% and > 0.10 for OE,
and NORA, , respectively.

The traditional way to analyze the diuretic renogram
consisted of visual interpretation of dynamic images and
time/activity curves, as well as the calculation of T _and
T, values [8]. The problem appears in cases of reduced

1/2
renal function or grossly dilated renal pelvis when T, is

0
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OE20

y=99.062 -20.222 x o
n=148
r=0.98; P <0.001

NORA20

Figure 3. Correlation between output efficiency OE,  and normalized
residual activity NORA_ ; the Pearson’s correlation coefficient was high
(r=-0.982,p <0.001)

20

prolonged, even in the absence of obstruction, which leads
to equivocal findings of diuresis renography [9]. The out-
put efficiency index and the normalized residual activity
are two measurements that have been proposed by the
International Scientific Committee of Radionuclides in
Nephro-urology to compensate for slower rates of clear-
ance due to reduced renal function [5]. Some commercial
software packages incorporated the tools for calculating
these two parameters, but users in developing countries
could not afford them due to their high price. IAEA re-
leased the non-commercial Software Package for the
Analysis of Scintigraphic Renal Dynamic Studies as a
draft version in 2010 [4]. However, to date, the software
has not been completed, probably due to the lack of inter-
est in nuclear medicine centers in developed countries to
apply the software, since their departments are equipped
with high-quality commercial software packages. In our
department, there has been considerable interest to apply
the advanced analysis of diuretic renography. To the best
of our knowledge, this is the first study on the validation
of numerical indices of the IAEA software in patients with
impaired drainage.

In the previously published studies about OE and
NORA, various protocols were used, with the differences
in duration of acquisition and in the time of diuretic chal-
lenge. This invalidates the comparison between studies
and avoids the determination of the cut-oft values of these
parameters for differentiation between obstruction/un-
obstruction. In the newest guidelines for diuresis renog-
raphy, three time points were specified for the calculation
of renogram parameters: 20 minutes after the start of the
acquisition, 20 minutes after the diuretic challenge, and
on the post-micturition scan. The current version of the
IAEA offers the calculation of OE, and OE,, NORA, ,
and NORA,, [5, 10]. According to these time points, we
calculated the present results.

The normal ranges for parameters of **Tc-MAG-3 re-
nogram were reported in several studies, mainly for T
and T, , [11-15]. The results calculated in our study with
the use of IAEA software showed substantial agreement
with these values (Table 4).
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Table 4. Comparison with related studies forT__ andT, ,

Tmax (minutes) T1/2 (minutes)

Stud

udy (year) n Mean | SD n Mean | SD
[11]1(1994) 36 3.6 2.2 36 6 25
[12] (2002) 82 3.2 0.6 - - -

Jung and coworkers

(2005) [13] 22 3.8 1.2 22 6.2 25

[14] (2006) 106 3.8 1.9 106 6.5 4.1
[15] (2015) 48 3.1 0.5 - - -
Present study 72 3.6 0.7 72 6.6 1.7

T . — time to maximum activity; T, ,time to half maximum activity

172

For the OE, in the study that validated this index as
an objective quantitative parameter of kidney drainage,
Chaiwatanarat et al. [2] reported the normal values in
22 kidneys of healthy control subjects to be 91.6 * 4.6%,
which is in complete agreement with our results. In ob-
structed kidneys, they obtained somewhat lower values in
comparison with the present study, probably due to shorter
time for diuretic challenge (30 minutes acquisition instead
of 40 minutes in our protocol). In the study of output ef-
ficiency as a method for clarifying equivocal renograms,
the 30-minute acquisition protocol was also applied and
the reported cut-off value for excluding obstruction was
lower than that in our study [16].

The NORA index was proposed as a robust parameter
of renal drainage and simpler for calculation than OE. This
parameter has not been widely assessed in the literature.
More frequently used was the residual activity index ex-
pressed as a percentage of the maximal activity, but it does
not take into account the value of renal clearance [17]. The
reported normal threshold for NORA, was 0.70, which is
identical with the result of the present study [18].

We correlated the values of NORA and OE at calcu-
lated at 20 minutes and obtained high values of Pearson
correlation coefficient, since a significant correspondence
was reported between these two parameters in the litera-
ture [19]. This correlation confirmed the statement of the
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CONCLUSION

This study demonstrates that the implementation of the
new algorithm for quantification of renal drainage, incor-
porated in the IJAEA software package, provides compre-
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KnuHuuka esanyauuja HoBor codpTBepa 3a aHaM3y AMHAMCKe CUMHTUrpadmje
by6bpera — 3Hauaj epUKACHOCTM BybpekHe enMMUHaLMje 1 HOPMANn30BaHe
pe3ugyasnHe aKTUBHOCTHU Y AWjarHOCTULM ONCTPYKLMje YPUHAPHOT TPaKTa

Cnob6opaHka Jb. beatoBuh'? Mapuja Pagynosuh?, Otaww P. ypytoBuh'#, Munow M. Berskosuh?, Jenena M. Lanorckir?,

Bepa M. ApTtuko'?, [iparaa . lWobuh-LlapaHosuh'?

'YHuep3utet y beorpagy, MeguumHckn dakynter, beorpag, Cpbuja;

YHnBep3nTeTCKI KNHUYKM LieHTap Cpbuje, LieHTap 3a HykneapHy meauumHy, beorpag, Cpbuja;
*BojHOMeAMLMHCKa akagemuja, IHCTUTYT 3a HykneapHy MeauumHy, beorpag, Cpbuja;
*YHUBep3NTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a yponorujy, beorpag, Cpbuja

CAMETAK

YBop/Lwm Y Opceky 3a HykneapHy meauuvHy MehyHapogHe
areHuuje 3a atoMcky eHeprujy (MAAE) HanpaBbeH je codteep
3a aHanu3y ArHamcke cumMHTUrpaduje bybpera, koju omoryhasa
13payyHaBatbe HOBUX, MPELM3HMjUX NoKa3aTerba 6yopexxHor
13nyurBarba — edrkacHocT envimmHauuje (EE) u Hopmanmso-
BaHe pe3ungyanHe aktnsHocty (HOPA).

Linrb Hawer paga je Banugupatrbe codtepa MAAE nopeherem
BPEAHOCTM MapameTapa peHorpama Kog 3paBurx NCNUTaHMKa
ca FMX0BUM pedepeHTHM BPeAHOCTMMA 1 NMPpoLieHa 3Havaja
EE n HOPA y andepeHLjanHoj AnjarHoCTMLM YPOONCTPYKLIMje.
MeToae AHanu3upaH je 91 ncnutaHmk — 55 6onecHrka ca
CYCMEKTHOM OMNCTPYKLMjOM ypUHaAPHOT TpakTa 1 36 faBanaLa
6y6pera. Y lpynu A cy 6una 24 onctpyKTBHa byopera, y lpynu
B 37 bybpera ca HEONCTPYKTMBHOM Aunatauumjom, y KoHtpon-
Hoj rpynu C 72 HopmanHa 6y6pera. CunHTUrpaduja je paheHa
TOKOM 40. MMHYyTa nocne i.v. ybpu3srasatba *"Tc-MAG-3, dypo-
cemug je ybpum3sraH y 20. MAHYTY, @ MOCTMUKLIMOHA CLIMHTUIPa-
duja cHuMmIbeHa y 50. MuHYTY. 3a 06pagy je kopuwheH codTBep
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MAAE. AHanusnpanu cy EE y 20. muHyTy (EE, ) 1 20 MuHyTa
nocne ¢ypocemupa (EE, ), HOPA'y 20. munyTy (HOPA, ) n nocne
muKuuje (HOPA, ). Y npoueHn pesynTata UCTPaxnBarba Ko-
priwheHe cy MeTofe JeCKPUMTUBHE U aHaNUTAYKe CTAaTUCTHKE.
PesynraTtu Mopeheme Hawwmx pesynTtata ca pepepeHTHUM
BpeaHocTMa EE n HOPA nokasano je BUCOK CTeneH carnac-
HocTu. Pa3nuka uamebhy rpyna je 6una cTaTUCTUYKM 3HaYajHa
3a EE,, EE,, HOPA, nHOPA_ (p <0,001). Cut-off BpegHoCTY 32
AvjarHo3y oncTpykuuje cy bune 82% 3a EE, 1 0,11 3a HOPA .
3akmyuak prmeHa codteepa MAAE nosehaBa AujarHoCTUuKy
TaYHOCT Anype3He peHorpaduje 1 AONPUHOCU NPELN3HNjO]
AvjarHocTum ypooncTtpyKumje. C 063Mpom Ha To Aa Oferberba
HyKNieapHe MeguLHe y MHOrMM 3emM/bama He Nnoceayjy caBpe-
MeHe codpTBepe 3a CLMHTUrpadmjy byopera, 6uno 6v 3HauajHO
na MAAE omoryhu npey3sumatbe copTBepa NPeKo eneKTpoH-
CKor cajTa.

KrmbyuHe peun: pagmon3oTonHa peHorpaduja; ypooncTpykK-
umja; edrKacHOCT eNMMUHaLWje; HOPMaNM30BaHa pe3nayanHa
aKTUBHOCT
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