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O R I G I N A L   P A P E R PEDIATRIC UROLOGY

Influence of diuretic (furosemide) on contrast medium 
distribution in computed tomography urography of high-
grade hydronephrosis in children

Cent European J Urol. 2018; 71: 476-480 doi: 10.5173/ceju.2018.1742

INTRODUCTION

Diuretics increase urine flow rate and allow better 
visualization of urinary tracts in conventional intra-
venous urography (IVU), as well as in nuclear medi-
cine, Doppler ultrasonography, computed tomogra-
phy (CT) and magnetic resonance (MR) urography 
(CTU, MRU). Furosemide improves distention and 

opacification of the collecting systems and ureters. 
In adults, use of furosemide in CTUs is widely dis-
cussed in diagnosis of urothelial cancers [1–10].  
In present-day diagnosis of congenital anomalies of 
kidneys and urinary tract (CAKUT) in children, use-
fulness of furosemide is analyzed in particular in MRU 
[11, 12, 13] and dynamic scintigraphy [12, 14, 15]  
functional examinations – use of furosemide in pa-
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Introduction Diuretics improve visualization of the urinary tract in computed tomography urography  
in adults, as well as in magnetic resonance urography in adults and children. Also, diuretics can help to 
diagnose upper urinary tract obstruction in intravenous urography, ultrasonography or dynamic scintig-
raphy. However, there are still missing data on evaluation of furosemide usefulness in computed tomogra-
phy urography examinations in children with suspected congenital anomalies of the urinary tracts.
The aim of this study was to compare the homogeneity of contrast medium distribution in high-grade 
hydronephrosis in pediatric computed tomography urographies performed with and without use of 
diuretic (furosemide).
Materials and method We have restrospectively analyzed computed tomography urography image se-
ries performed in the Department of Pediatric Radiology, in children with suspected congenital anoma-
lies of the kidney and the urinary tract. Kidney units with high-grade hydronephrosis were divided  
in two groups: non-furosemide (n = 25) and furosemide (n = 28) group, where diuretic in dose 1 mg/kg, 
with maximum 20 mg, was administered intravenously 3–5 min before contrast medium administration. 
Subjective image quality and diagnostic confidence were evaluated by two independent radiologists  
and compared between study groups.
Results There were no significant differences in subjective image quality and diagnostic confidence 
between furosemide and non-furosemide groups.
Conclusions Addition of furosemide to computed tomography urography does not improve homogene-
ity of contrast medium distribution in hydronephrotic kidneys in children.
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tients with high-grade hydronephrosis can differen-
tiate a true obstruction (ureteropelvic junction ob-
struction – UPJO), requiring surgical intervention, 
from a dilated non-obstructed system. CTU can pro-
vide anatomic information about suspected CAKUT 
and can be performed in children in some specific in-
dications or in case MRU is not available [16]. How-
ever, usefulness of furosemide has been assessed in 
a very limited manner. Also, it is highlighted that in-
creased diuresis caused by furosemide may increase 
distention of the urinary tract and reduce contrast 
medium (CM) concentration, resulting in decreased 
opacification and poorer visualization of the collect-
ing system [17].
The aim of this study was to analyze whether ad-
dition of furosemide improves homogeneity of CM 
distribution in high-grade hydronephrosis (HN) in 
pediatric CTUs.

MATERIAL AND METHODS

Study design

This was a retrospective study comparing the subjec-
tive image quality and diagnostic confidence between 
furosemide and non-furosemide CTU examinations 
performed in children with high-grade HN. CTUs 
were performed between 2011 and 2016 in selected 
patients before qualification to surgical treatment. 
There was no access to MRU. 
Ultrasonography and dynamic renal scintigraphy 
were performed in all analyzed patients. All kidneys 
with impaired renal function (i.e., <40% of split re-
nal function at DMSA scintigraphy) were excluded 
from this analysis. Grade of HN was assessed in 
ultrasonography according to the grading system 
described in the European Society of Pediatric Ra-
diology (ESPR) guidelines [18]. Kidney units with 
high-grade HN (grade 3–5) were included into final 
analysis. Results of functional scintigraphy, graded 
as follow: normal, delayed or impaired excretion, 

were analyzed to compare the types of urinary tract 
abnormalities between the study groups (no obstruc-
tion, partial or total obstruction). 
Our study was accepted by the institutional ethics 
review board. 

Computed tomography urography protocol

Our standard CTU protocol included acquisition 
made from the diaphragm or the top of the kidney 
to the symphysis pubis. Excretory phases were per-
formed 15–30 min after intravenous (iv) administra-
tion of contrast material (CM). Iomeron 300 (iomep-
rolum) in a standard dose of 1 ml/kg of body weight 
was used. Diuretic (furosemide) in dose 1 mg/kg, 
with maximum 20 mg, was administered intrave-
nously 3–5 min before CM administration. 
Our 64-MDCT scanner (Brilliance CT 64, Philips 
Healthcare, Best, The Netherlands) had iterative 
reconstruction algorithm (iDose4), and the 4th re-
construction level was implemented in all analysed 
examinations [19]. Scanning parameters (includ-
ing tube voltage kV and tube current mAs) were 
different, depending on the standard department's  
CT protocols adequate to patients' weight. Image 
evaluation was performed on diagnostic workstation 
(IntelliSpace Portal, Philips, Netherlands). 

Image quality analysis

The evaluation was performed independently  
by two radiologists (Observer A – A.B. and Observ-
er B – P.B., with 17 years and 7 years of experience  
in pediatric CT, respectively), who were blinded to 
the group information.
Overall subjective image quality and diagnostic con-
fidence were evaluated. Criteria were based on re-
ported previously abdominal CT studies [20–30]. 
Overall subjective image quality was defined as 
the presence of motion artefacts, image noise and 
beam-hardening streak artefacts and was rated on 

Figure 1. Grades 1–5 in diagnostic confidence grading scale. Scores 1 and 2 were deemed as non-diagnostic in clinical practice.
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a 5-point scale (1 – unacceptable quality, non-diag-
nostic; 2 – poor quality, affecting the interpretation;  
3 – moderate quality, not affecting the interpretation; 
4 – good; 5 – excellent). Diagnostic confidence was 
defined as reader confidence in visualization of ana-
tomical structures (calyces, pelvis, megaureters) and 
was associated with CM distribution within the col-
lecting system (Figure 1). Grading scale was adapted 
from previous urinary tract studies and modified  
as presented in Table 1. For both scales, scores 1 and 2  
were deemed as non-diagnostic in clinical practice.
Grading scores and interobserver agreement were 
evaluated between the study groups.

Statistical analysis

Continuous variables were tested by the Shapiro-
Wilk test for normality. Data were then expressed  
as median and range. Comparisons between nomi-
nal variables were tested with χ2 statistics. The 
weight Kappa was used to determine agreement be-
tween observers. Statistical analysis was performed  
using Statistica 12 (Tulsa, USA). Kappa coefficients 
were calculated by using PQStat 1.6 (Poznań,  
Poland). P-value of <0.05 was defined as statisti-
cally significant. Strength of interobserver agree-
ment was indicated with kappa values as follows: 
<0 – poor; 0–0.2 – slight; 0.2–0.4 – fair; 0.41–0.6  
– moderate; 0.61–0.8 – substantial; 0.81–1.0 – al-
most perfect.

RESULTS

A total of 101 CTU examinations in 93 patients were 
assessed for eligibility. A total of 51 image series in 
51 patients with high-grade HN and preserved renal 
function were identified and included for the final 
analysis. There were 17 girls and 34 boys, median 
age 2.3 years, IQR 0.8–8.1, range 0.2–12.2 years 
(Table 2). There were 53 collecting systems with HN 
grade 3–5 (furosemide group n = 28, non-furosemide 
group n = 25). Two patients had bilateral high grade 
HN (one boy in furosemide group and one girl in 
non-furosemide group). 
There was no significant difference in terms of age 
(p = 0.08) and gender (p = 0.2) between the study 
groups. 
Also, there were no significant differences in results 
of functional scintigraphy (p = 0.8), making both 
study groups similar with regard to the types of uri-
nary tract abnormalities. 
None of the image series were rated as non-diag-
nostic in overall subjective image quality scale (all 
were rated as scores 3–5). One collecting system in 
the non-furosemide group was rated as poor (score 2) 

in diagnostic confidence scale, while all other kidney 
units were evaluated as diagnostic (scores 3–5).
Median (IQR) scores in subjective image quality 
scale were 4 (3–4) for both observers. Median (IQR) 
scores in diagnostic confidence scale were 5 (5–5) for 
Observer A and 5 (4–5) for Observer B. 
General interobserver agreement between study 
groups was substantial for subjective image qual-
ity (kappa = 0.78) and almost perfect for diagnostic 
confidence (kappa = 0.91). Interobserver agreement 
within the study groups is presented in Table 3.
Subjective image quality and diagnostic confidence 
scores were not significantly different between the 
study groups (p = 0.96 and p = 0.1 for Observer A;  
p = 0.9 and p = 0.3 for Observer B, respectively).

DISCUSSION

We have shown that there was no difference in ho-
mogeneity of CM distribution in hydronephrotic kid-

Table 1. Diagnostic confidence grading scale

Table 3. Interobserver agreement within the study groups (kappa)

Grade

1 No opacification Non-diagnostic

2
Incomplete opacification – contrast medium 
present only in several calyces or part of the 
pelvis

Poor, affecting 
the interpretation

3

Complete, but inhomogeneous opacification, 
with contrast medium layering in calyces or 
pelvis – layering effect in 1–50% of collecting 
system volume

Acceptable, 
diagnostic

4

Complete, almost homogeneous opacification,  
with contrast medium layering in calyces or 
pelvis (layering effect in 51–99% of collecting 
system volume

Good

5 Complete and homogeneous opacification, no 
layering effect Excellent

Furosemide Group Non-furosemide 
Group

Subjective image quality 0.85 (almost perfect) 0.69 (substantial)

Diagnostic confidence 0.86 (almost perfect) 0.96 (almost perfect)

Table 2. Characteristics of patients included in this study

Furosemide Group  
(n = 28)

Non-furosemide  
Group (n = 25) p

Sex (M:F) 16 : 12 19 : 6 p = 0.2

Age (years) 3.0 (1.2–9.3) 1.5 (0.5–5.8) p = 0.08

Age (range in years) 0.2–12.2 0.2–10.5



479
Central European Journal of Urology

In children, it should be adapted to the patient's 
weight, and in our department a standard dose was 
1 mg/kg, with maximum 20 mg. 
There were limitations to our study. First, scan-
ning parameters were different between patients 
and radiation exposure assessment was not a goal 
of this study. However, our recent research al-
ready confirmed that there are no significant dif-
ferences in subjective image quality and diagnostic  
confidence between lower dose and higher dose 
examinations [38]. Second, we did not perform 
objective density measurements of the collecting 
systems, as there were different doses of furose-
mide, adapted to patients' weight. Third, we did 
not analyse the objective change in collecting sys-
tem dimensions, in comparison to initial ultrasound 
evaluation, which potentially could have an impact  
on CM concentration due to increased diuresis  
in the furosemide study group. However, we have 
confirmed that both study groups were similar with 
regard to the types of urinary tract abnormalities 
(there were no significant differences in results  
of functional scintigraphy between the study 
groups). Fourth, only kidneys with preserved renal 
function (≥40% at DSMA) were evaluated in our 
study, which is a substantial limitation in compari-
son to MRU [13, 39].

CONCLUSIONS

We do not suggest the use of diuretics in CTUs  
of hydronephrotic kidneys in children, as this does 
not improve homogeneity of CM distribution in di-
lated collecting systems.

CONfLICTS Of INTEREST
The authors declare no conflicts of interest.

neys in pediatric CTUs performed with and without 
use of diuretic.
 There are several techniques to improve opacifica-
tion and distention of urinary tracts in CTU, includ-
ing oral and intravenous hydration, use of compres-
sion belts and administration of diuretics [1, 2, 8, 20, 
31, 32]. Also, reduction of contrast layering effect 
may result in improving diagnostic accuracy of CTU 
[17, 20, 33]. It is highlighted in evaluation of ureters  
in adults, where suboptimal distention and peristal-
tic waves may limit visualization of small urothelial 
tumors [32, 34]. The role of CTU in children with sus-
pected CAKUT is different – it is performed to visual-
ize the anatomy of the abnormality [35] and adequate 
and homogeneous opacification of the hydronephrotic 
collecting system is crucial. In MRU studies, furose-
mide causes uniform distribution of the gadolinium 
contrast within the urinary tract and it is recom-
mended in adults and children, for non-dilated as well 
as obstructed urinary tract evaluation [7, 11, 13, 36]. 
However, our analysis showed that there can be no 
similar effect in CTUs performed in hydronephrotic 
kidneys in children, and use of furosemide does not 
change CM distribution in a dilated collecting system.
To the best of our knowledge, there was only one 
publication describing usefulness of furosemide-
enhanced multi-slice CTU in children. Kosucu et al. 
[37] described a series of 19 CTUs performed with 
furosemide in children with suspected urinary tract 
obstruction and dilatation, which clearly depicted 
urinary tract abnormalities. However, opacification 
and CM distribution in the renal collecting systems 
and ureters was evaluated in a limited manner and 
there are still missing data on comparison of furose-
mide and non-furosemide examinations. 
There are different proposed doses of furosemide, 
varying between 5 mg and 40 mg [2, 12, 13, 32].  

1. Silverman SG, Leyendecker JR, Amis ES. 
What is the current role of CT urography 
and MR urography in the evaluation  
of the urinary tract? Radiology. 2009.  
250: 309-323.

2. Claebots C, Puech P, Delomez J, Devos P, 
Lemaitre L. MDCT urography with and 
without use of diuretics. J Radiol. 2007;  
88: 1697-1702.

3. Roy C, Jeantroux J, Irani FG, Sauer B,  
Lang H, Saussine C. Accuracy of 
intermediate dose of furosemide  
injection to improve multidetector  
row CT urography. Eur J Radiol.  
2008; 66: 253-261.

4. Kemper J, Regier M, Stork A, Adam G, 
Nolte-Ernsting C. Improved visualization 
of the urinary tract in multidetector CT 
urography (MDCTU): Analysis of individual 
acquisition delay and opacification using 
furosemide and low-dose test images.  
J Comput Assist Tomogr. 2006; 30: 751-757.

5. Nolte-Ernsting CC, Wildberger JE,  
Borchers H, Schmitz-Rode T, Gunther RW. 
Multi-slice CT urography after diuretic 
injection: initial results. Rofo. 2001; 173: 
176-180.

6. Portnoy O, Guranda L, Apter S, Eiss D, 
Amitai MM, Konen E. Optimization of 
64-MDCT urography: Effect of dual-phase 

imaging with furosemide on collecting 
system opacification and radiation dose. 
AJR Am J Roentgenol. 197: W882-886.

7. Ergen FB, Hussain HK, Carlos RC, et al.  
3D excretory MR urography: Improved 
image quality with intravenous saline  
and diuretic administration. J Magn  
Reson Imaging. 2007; 25: 783-783.

8. Silverman SG, Akbar S, Mortele KJ,  
Tuncali K, Bhagwat JG, Seifter JL.  
Multi-detector row CT urography  
of normal urinary collecting system: 
furosemide versus saline as adjunct  
to contrast medium. Radiology.  
2006; 240: 749-755.

References



Central European Journal of Urology
480

9. Sudakoff GS, Dunn DP, Hellman RS, et al.  
Opacification of the genitourinary 
collecting system during MDCT urography 
with enchanced CT digital radiography: 
Nonsaline versus saline bolusAJR  
Am J Roentgenol. 2006; 240: 749-755.

10. Sanyal R, Deshmukh A, Singh Sheorain V,  
Taori K. CT urography: A comparison 
of strategies for upper urinary tract 
opacification. Eur Radiol. 2007; 17:  
1262-1266.

11. Vegar-Zubovic S, Kristic S, Lincender L. 
Magnetic resonance urography  
in children – When and why? Radiol  
Oncol. 2011; 45: 174-179.

12. Karavida N, Basu S, Grammaticos P.  
Furosemide for the diagnosis of complete 
or partial ureteropelvic junction obstruction. 
Hell J Nucl Med. 2010; 13: 11-14.

13. Leyendecker J, Barnes C, Zagoria R. MR  
urography: techniques and clinical 
applications. Radiographics. 2008; 28: 23-46.

14. Shulkin BL, Mandell GA, Cooper JA, et al.  
Procedure guideline for diuretic 
renography in children 3.0. J Nucl  
Med Technol. 2008; 36: 162-168.

15. Esmaeili M, Esmaeili M, Ghane F, 
Alamdaran A. Comparison between 
diuretic urography (IVP) and diuretic 
renography for diagnosis of ureteropelvic 
junction obstruction in children.  
Iran J Pediatr. 2016; 26: e4293.

16. Darge K, Higgins M, Hwang TJ, Delgado J, 
Shukla A, Bellah R. Magnetic resonance 
and computed tomography in pediatric 
urology. An imaging overview for current 
and future daily practice. Radiol Clin  
North Am. 2013; 51: 583-598.

17. Sudah M, Masarwah A, Kainulainen S, et al.  
Comprehensive MR urography protocol: 
Equally good diagnostic performance 
and enhanced visibility of the upper 
urinary tract compared to triple-phase CT 
urography. PLoS One. 2016; 11: e0158673.

18. Riccabona M, Avni FE, Blickman JG,  
et al. Imaging recommendations  
in paediatric uroradiology: Minutes  
of the ESPR workgroup session on urinary 
tract infection, fetal hydronephrosis, 
urinary tract ultrasonography and voiding 
cystourethrography, Barcelona, Spain, June 
2007. Ped Radiol. 2008; 38: 138-145.

19. Arapakis I, Efstathopoulos E, Tsitsia V, et 
al. Using ‘iDose4’ iterative reconstruction 
algorithm in adults' chest-abdomen-pelvis 

CT examinations: Effect on image quality  
in relation to patient radiation exposure.  
Br J Radiol. 2014; 87: 20130613.

20. Juri H, Tsuboyama T, Koyama M, et al. 
Assessment of the ability of CT urography 
with low-dose multi-phasic excretory 
phases for opacification of the urinary 
system. PLoS One. 2017; 12: 1-10. 

21. Hwang I, Cho JY, Kim SY, et al. Low tube 
voltage computed tomography urography 
using low-concentration contrast media: 
Comparison of image quality in conventional  
computed tomography urography.  
Eur J Radiol. 2015; 84: 2454-2463.

22. Dahlman P, Van Der Molen AJ, Magnusson M,  
Magnusson A. How much dose can be saved 
in three-phase CT urography? A combination 
of normal-dose corticomedullary phase with 
low-dose unenhanced and excretory phases. 
Am J Roentgenol. 2012; 199: 852-860.

23. Quaia E. Comparison between 80 kV, 
100 kV and 120 kV CT protocols in the 
assessment of the therapeutic outcome  
in HCC. Liver Pancreat Sci. 2016; 1: 1-4.

24. Van Der Molen AJ, Miclea RL, Geleijns J,  
Joemai RMS. A survey of radiation 
doses in ct urography before and after 
implementation of iterative reconstruction. 
Am J Roentgenol. 2015; 205: 572-577.

25. Kekelidze M, Dwarkasing RS, Dijkshoorn ML,  
Sikorska K, Verhagen PCMS, Krestin GP. 
Kidney and urinary tract imaging:  
Triple-bolus multidetector CT urography  
as a one-stop shop-protocol design, 
opacification, and image quality  
analysis: Editorial comment. Radiology. 
2010; 255: 508-516. 

26. Gervaise A, Osemont B, Louis M, Lecocq S,  
Teixeira P, Blum A. Standard dose versus low-
dose abdominal and pelvic CT: Comparison 
between filtered back projection versus 
adaptive iterative dose reduction 3D. Diagn 
Interv Imaging. 2014; 95: 47-53.

27. Buls N, Van Gompel G, Van Cauteren T,  
et al. Contrast agent and radiation  
dose reduction in abdominal CT  
by a combination of low tube voltage 
and advanced image reconstruction 
algorithms. Eur Radiol. 2015; 25:  
1023-1031.

28. Guimarães LS, Fletcher JG, Harmsen WS,  
et al. Appropriate Patient Selection  
at Abdominal Dual-Energy CT Using  
80 kV: Relationship between Patient  
Size, Image Noise, and Image Quality. 
Radiology. 2010; 257: 732-742.

29. Berlin SC, Weinert DM, Vasavada PS, et al.  
Successful dose reduction using reduced 
tube voltage with hybrid iterative 
reconstruction in pediatric abdominal CT. 
Am J Roentgenol. 2015; 205: 392-399.

30. Lee S, Jung SE, Rha SE, Byun JY. Reducing 
radiation in CT urography for hematuria: 
Effect of using 100 kilovoltage protocol. 
Eur J Radiol. 2012;  81: 830-834.

31. Kawashima A, Vrtiska TJ, LeRoy AJ, 
Hartman RP, McCollough CH, King BF.  
CT urography. Radiographics. 2004;  
Suppl 1: S55-58.

32. Alderson SM, Hilton S, Papanicolaou N.  
CT urography: Review of technique  
and spectrum of diseases. Appl Radiol. 
2011; 40: 6-13.

33. Dahlman P. CT Urography in Prone  
vs Supine position - effects on contrast 
layering in the excretory phase scan.  
In: ESUR Belgium 2010; p. 26.

34. Molen AJ, Cowan NC, Mueller-Lisse UG, 
Nolte-Ernsting CCA, Takahashi S,  
Cohan RH. CT urography: definition, 
indications and techniques. A guideline  
for clinical practice. Eur Radiol. 2008;  
18: 4-17.

35. Bombiński P, Warchoł S, Brzewski M, 
et al. Lower-dose CT urography (CTU) 
with iterative reconstruction technique 
in children – initial experience and 
examination protocol. Polish J Radiol. 
2014; 79: 137-144.  

36. Karaveli M, Katsanidis D, Kalaitzoglou I,  
et al. MR urography: Anatomical and 
quantitative information on congenital 
malformations in children. Niger Med J. 
2013; 54: 136-142.

37. Koşucu P, Ahmetoǧlu A, ImamoǧLu M, 
et al. Multi-slice computed tomography 
urography after diuretic injection  
in children with urinary tract dilatation. 
Acta Radiol. 2004; 45: 95-101.

38. Bombiński P, Brzewski M, Warchoł S,  
Biejat A, Banasiuk M, Gołębiowski M. 
Computed tomography urography with 
iterative reconstruction algorithm  
in congenital urinary tract abnormalities  
in children – association of radiation  
dose with image quality. Polish J Radiol. 
2018; 83: e175-182.

39. Cerwinka WH, Kirsch AJ. Magnetic 
resonance urography in pediatric  
urology. Curr Opin Urol. 2010; 20:  
323-329. 


