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ABSTRACT 
Magnetic resonance urography (MRU) has evolved over the past three decades 
into a validated tool for evaluating the pediatric urinary tract. Originally 
developed in the early 1990s, MRU now combines high-resolution anatomic 
imaging with quantitative functional assessment, offering a radiation-free 
alternative to traditional modalities. Comparative studies have consistently 
demonstrated excellent agreement between MRU-derived differential renal 
function and radionuclide scintigraphy.  Beyond functional equivalence, MRU 
provides superior delineation of complex anomalies such as megaureter and 
ectopic ureteral insertion, directly informing surgical planning. Recent 
innovations have enhanced feasibility in younger children, with real-time 
imaging and compressed sensing reducing scan times by 30–50% and improving 
motion robustness. Multiparametric protocols integrating diffusion and 
perfusion sequences, as well as emerging multi-nuclear approaches, extend 
MRU’s role into parenchymal and physiologic evaluation. Collectively, these 
advances shift MRU from a problem-solving adjunct to a central modality in 
pediatric urology, with future directions focused on standardization, 
multicenter validation, and potential integration of artificial intelligence for 
quantitative analysis. 
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Introduction 
Magnetic resonance urography (MRU) has undergone 
rapid development since its introduction in the early 
1990s, when heavily T2-weighted “static-fluid” 
sequences were first used to non-invasively visualize 
dilated urinary tracts 1,2. By the late 1990s, the 
technique expanded with contrast-enhanced excretory 
MRU, allowing assessment of renal perfusion and 
urinary drainage analogous to intravenous urography 
3,4. These advances provided the foundation for MRU’s 
clinical uptake in pediatric urology, where the ability to 
combine detailed anatomic imaging with functional 
analysis has been particularly valuable in congenital 
anomalies of the urinary tract 5-7. Several reviews have 
summarized the clinical uptake and evolving role of 
MRU in pediatric practice 8,9. 
 

Although ultrasound (US), voiding cystourethrography 
(VCUG), and radionuclide scintigraphy remain integral 
to the diagnostic algorithm, each modality has inherent 
limitations. US is operator dependent and lacks 
functional assessment; VCUG is invasive and restricted 
to the bladder and urethra; and scintigraphy provides 
limited anatomic resolution and involves ionizing 
radiation 3,10. MRU addresses these shortcomings by 
delivering a comprehensive, radiation-free evaluation 
of both anatomy and function in a single examination 
5,11,12. 
 

Validation studies over the past decade have firmly 
established MRU as a reliable alternative to 
scintigraphy. Large pediatric series demonstrate 
correlation coefficients of 0.95–0.99 between MRU-
derived differential renal function and radionuclide 
studies 13-15. Beyond functional equivalence, MRU 
surpasses conventional imaging in delineating complex 
anomalies such as megaureter and ectopic ureter, 
where both US and scintigraphy may be inconclusive 16-

18. Importantly, functional scoring systems based on 
MRU parameters have been developed to discriminate 
surgical from non-surgical cases of ureteropelvic 
junction obstruction, achieving predictive accuracy 
with reported AUC up to 0.91 19. Additionally, because 
MRU permits evaluation of qualitative functional and 
physiologic parameters, we have shown MRU to be a 
valuable tool for distinguishing congenital renal 
dysplasia from renal scarring as well as the pre- and 
postoperative evaluation of ureteropelvic junction 
obstruction and pyeloplasty. 7,20  
 

Recent technical innovations have further enhanced 
feasibility in children. Real-time MRI and compressed 
sensing have reduced scan times by 30–50%, improving 
motion robustness and decreasing the need for 
sedation 21-23. Optimized 3 T protocols provide superior 
signal-to-noise ratios, while remaining mindful of 
artifact susceptibility 24. Multiparametric MRU now 

integrates diffusion, perfusion, and functional 
sequences into unified protocols 25, and experimental 
applications of multi-nuclear MRI (23Na, 31P-MRS) 
extend the modality into physiologic assessment 26. 
Collectively, these developments position MRU not 
only as a diagnostic adjunct but as a central imaging 
platform in pediatric urology, with a trajectory toward 
broader clinical adoption and standardized integration. 
 

The objective of this review is to provide a clinically 
oriented synthesis of MRU. Specifically, we summarize 
the technical principles relevant to daily practice, 
compare MRU to conventional imaging modalities 
within guideline-based diagnostic pathways, and 
highlight scenarios where MRU directly impacts 
surgical decision-making. We also review recent 
technical innovations that improve feasibility in 
children and discuss emerging applications that may 
expand MRU’s role in the future. By outlining both 
current clinical applications and anticipated directions, 
we aim to clarify MRU’s evolving place in pediatric 
urology and provide a framework for its broader 
adoption. 
 

Technical Principles of MRU 
MRU can be performed on both 1.5 Tesla (T) and 3 T 
systems. Higher field strength at 3 T provides an 
approximately 40–50% improvement in signal-to-noise 
ratio (SNR), which enhances spatial resolution and 
allows thinner slices for high-quality 3D reconstructions 
24. This advantage is particularly valuable for evaluating 
structural complexity such as duplicated systems or 
ectopic ureteral insertions. Improved SNR also benefits 
fluid-sensitive T2-weighted sequences when contrast 
administration is contraindicated. However, 3 T 
systems are more susceptible to artifacts from surgical 
hardware, bowel gas, or patient motion, whereas 1.5 T 
scanners often produce more uniform fields and fewer 
shading artifacts, especially in larger children 24. 
 

Static fluid imaging is typically obtained with heavily 
T2-weighted single-shot techniques such as HASTE or 
SSFSE, which yield strong contrast between fluid and 
surrounding tissue. 27,28 These sequences form the 
backbone of anatomic MRU, reliably demonstrating 
hydronephrosis, duplex systems, and perinephric 
collections 5,11,12. T1-weighted imaging complements 
this by depicting renal parenchyma, corticomedullary 
differentiation, and solid lesions. Diffusion-weighted 
imaging (DWI) adds sensitivity to tissue abnormalities, 
with restricted diffusion correlating with acute 
pyelonephritis, neoplasms, and high-grade obstruction 
25. Three-dimensional acquisitions enable multiplanar 
reformatting and volume-rendered reconstructions, 
which are especially helpful for complex abnormalities 
such as ectopic ureteral insertions and ureteral 
strictures 16,17. 
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Table 1: List of MRI sequences and estimated time for performing MR urography 45 

MRI Sequences Est Time (min:sec) 

Localizer 0:08 

HASTE Sagittal FS 0:16 

HASTE Coronal FS 0:15 

T2 Axial HR FS  Kidneys 5:39 

Lasix Given   

T1 FLAIR FS Coronal 4:38 

3D T2 Triggered Kidneys/Ureters 5:00 

Increase Sedation   

DWI 2:56 

T2 Axial FS Bladder 2:47 

Contrast Injection   

3D Dynamic Coronal 10:00 

Decrease Sedation   

3D GRE Sagittal 2:50 

3D GRE Coronal 2:11 

PD Axial FS Kidneys 1:55 

TOTAL STUDY TIME* 39:12 

 
*Post-processing time required to complete the analysis and generate the report is not included in this estimate.  

 
Functional MRU (fMRU) is performed with dynamic 
contrast-enhanced (DCE) sequences, capturing the 
arterial, corticomedullary, and excretory phases after 
gadolinium injection. Quantitative parameters include 
time-to-peak enhancement, renal output efficiency, 
and differential renal function (DRF). Validation studies 
demonstrate strong agreement between MRU and 
radionuclide scintigraphy, with correlation coefficients 
of 0.95–0.99 across large pediatric series 13-15. In 
suspected ureteropelvic junction obstruction (UPJO), 
fMRU derived transit times (mean transit time, calyceal 
transit time, and renal transit time) accurately 
differentiate obstructed from non-obstructed systems, 
with abnormal renal transit time correlating with 
surgical obstruction in over 90% of cases 14. Damasio et 
al. recently introduced a morpho-functional score 
based on fMRU that predicted surgical intervention 
with an AUC of 0.91 19. 
 

Practical considerations remain important in pediatric 
imaging. Hydration, diuretic administration, and 
bladder catheterization are often employed to 
optimize urinary tract distension and drainage 11. 

Younger children frequently require sedation, with one 
large pediatric series reporting anesthesia use in nearly 
70% of children under age nine 29. However, technical 
innovations are reducing these barriers. Hirsch et al. 
demonstrated the feasibility of real-time MRI in 
children 22, while acceleration techniques such as 
compressed sensing and parallel imaging have reduced 
scan times by 30–50% without sacrificing diagnostic 
accuracy 21,23. These advances improve motion 
robustness and decrease the reliance on sedation. 
 

Beyond conventional approaches, MRU is increasingly 
applied in multiparametric and physiologic domains. 
Diffusion and perfusion imaging can be integrated into 
routine protocols 25, while experimental multi-nuclear 
techniques such as 23Na and 31P-MRS enable non-
invasive assessment of renal sodium handling and 
energetics 26. Together, these developments expand 
MRU from a primarily anatomic and functional 
modality into a platform for quantitative renal 
physiology. 
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Comparative Effectiveness: 
Ultrasound is the most widely used modality for 
evaluating the kidneys and bladder both pre- and 
postnatally. It is non-invasive, radiation-free, portable, 
cost-effective, and typically performed without 
sedation 10. US provides real-time anatomic detail 
sufficient for grading hydronephrosis and assessing 
parenchymal changes such as thinning, echogenicity 
alterations, or cysts. However, limitations include poor 
visualization of non-dilated ureters, difficulty 
characterizing the mid-ureter and ureterovesical 
junction, and challenges in cases with significant 
distortion or body habitus. US also provides no 
functional data, though contrast-enhanced US with 
microbubble agents may eventually expand its utility 
for perfusion assessment 10. 
 

Diuretic renal scintigraphy remains the worldwide 
standard for functional assessment. MAG3 studies 
quantify differential DRF and drainage, while DMSA 
detects cortical defects and scarring, and DTPA 
evaluates glomerular filtration-based DRF. These 
studies are reproducible and relatively noninvasive but 
provide limited anatomic detail and involve ionizing 
radiation 30. MRU has also been validated in comparison 
to DMSA. Cerwinka et al. demonstrated that MRU 
reliably identified cortical defects and renal scarring in 
children with vesicoureteral reflux, showing close 
agreement with DMSA studies while avoiding radiation 
exposure. 31 
 

Computed tomography is used sparingly in children, 
primarily for renal masses and urinary tract stones 10. 
While multiphase CT urography is well established in 
adults, pediatric use is restricted due to radiation 
concerns. Techniques such as dual-energy CT and split-
bolus protocols can reduce exposures but remain 
impractical in most pediatric settings. 
 

Magnetic resonance urography provides a 
comprehensive alternative by combining high-
resolution anatomic and functional evaluation without 

radiation exposure. Unlike US, MRU is operator-
independent and reliably depicts the entire collecting 
system. Compared with VCUG, which is invasive and 
confined to the bladder and urethra 32, MRU is non-
invasive and evaluates the upper and lower urinary 
tract in continuity. Early work even explored cine MR 
cystography as a non-invasive alternative to VCUG for 
reflux evaluation 33, though this has not achieved 
widespread clinical adoption. Relative to scintigraphy, 
MRU provides equivalent or superior functional data 
while also supplying detailed anatomic information 
5,6,11. 
 

Validation studies underscore this equivalence 30.  
Kirsch et al., Al-Shaqsi et al., and Gołuch et al. each 
demonstrated correlation coefficients of 0.95–0.99 
between MRU-derived DRF and MAG3 scintigraphy 13-

15. Al-Shaqsi et al. found less than 10% discrepancy in 
DRF values, while Gołuch et al. confirmed nearly 
perfect agreement across a multicenter cohort 13,14. 
Riccabona et al. reported sensitivity of 88.2%, 
specificity of 96.2%, and accuracy of 91.7% for MRU in 
children with suspected functional single kidneys 34, 
reinforcing MRU’s diagnostic reliability. 
 

MRU also surpasses other modalities for complex 
anomalies. Świętoń et al. showed MRU to be superior 
to US and scintigraphy in evaluating primary 
megaureter, particularly for delineating insertional 
anatomy and functional obstruction 18. Similarly, MRU 
accurately depicts ectopic ureters and duplex systems, 
which are frequently missed by ultrasound 16,17. 
Taken together, the evidence demonstrates that MRU 
is not merely equivalent to scintigraphy for functional 
assessment but superior in many contexts due to its 
combined structural and quantitative evaluation. This 
positions MRU as the optimal imaging modality for 
pediatric hydronephrosis and related anomalies, 
ensuring accurate diagnosis and guiding effective 
treatment planning.

 
Figure 1: Representative MRU in Pediatric Patients with High-Grade Hydronephrosis 
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(A,B) 24 month old male with SFU Grade 4 hydronephrosis with UPJ morphology without obstruction/decompensation and 
(C,D) 23 month old female with bilateral duplex collecting systems with persistent grade 4 hydronephrosis following 
surgical reconstruction. (A) T2 MIP: Right kidney SFU grade 4, Left kidney SFU grade1. (B) T1 Gd-enhanced MIP: Renal 
transit time is 2 minutes 1 seconds on the left, which is normal. Renal transit time is 1 minutes 47 seconds on the right, 
which is normal. (C): T2 MIP: Duplicated left kidney with cystic dysplasia of the upper left moiety and SFU grade 4 of the 
lower left moiety, Duplicated right kidney with SFU grade 4 of both upper and lower moieties, Tortuous ureters. (D) T1 Gd-
enhanced MIP: Unit Patlak differential renal function is 56.9% on the lower left moiety and 43.1% on the upper left moiety. 
Renal transit time is 3 minutes 45 seconds on the left lower pole, which is nonobstructive. The left upper pole demonstrates 
trace contrast excretion. The equivocal range of the renal transit time of the right upper and lower pole is most likely related 

to capacious system. It does not appear to be high-grade obstruction. 
 
The most widely studied application of MRU in 
pediatric urology is the evaluation of hydronephrosis 
and suspected UPJO. Traditional modalities such as 
ultrasound and scintigraphy provide partial 
information, but MRU offers the unique ability to 
combine anatomic detail with quantitative functional 
analysis. In a prospective comparison, Perez-Brayfield 
et al. found MRU superior to ultrasound or MAG3 
scintigraphy in predicting surgical outcomes in 
hydronephrosis 35. Leppert et al. reported that 
incorporating MRU into the preoperative workup 
altered surgical decision-making in nearly 30% of 
children initially assessed by ultrasound and 
scintigraphy alone 4. Janssen et al. further refined 
MRU’s role by demonstrating that the change in renal 
pelvic diameter after furosemide administration (Δ 
pelvis) was a sensitive predictor of clinically significant 
UPJO 36. Crossing vessels, a frequent confounder in 
obstruction, are also well evaluated with MRU. Parikh 
et al. and Weiss et al. demonstrated that MRU reliably 
identified aberrant vessels compressing the 
ureteropelvic junction, findings that directly impacted 
surgical planning 37,38. 
 

Quantitative validation has strengthened this role: 
correlation coefficients for DRF between MRU and 
scintigraphy consistently range from 0.95 to 0.99 13-15, 
with Gołuch et al. demonstrating nearly perfect 
agreement (r = 0.99) in a multicenter pediatric cohort 
14. Al-Shaqsi et al. confirmed <10% discrepancy 
between MRU- and MAG3-derived DRF 13, while 
Riccabona et al. showed sensitivity of 88.2% and 
specificity of 96.2% for MRU in children with functional 

single kidneys 34. Beyond equivalence, MRU-derived 
transit times reliably differentiate obstructed from 
non-obstructed systems, with abnormal renal transit 
time correlating with surgical confirmation of 
obstruction in >90% of cases 14. Importantly, Damasio 
et al. developed a morpho-functional MRU score that 
predicted surgical intervention with an AUC of 0.91, 
demonstrating MRU’s potential to guide management 
rather than simply confirm diagnosis 19. 
 

In primary megaureter, MRU’s advantages are similarly 
clear. Świętoń et al. found MRU superior to ultrasound 
and scintigraphy in delineating ureteral insertion and 
identifying functionally significant obstruction 18. In 
their cohort, MRU correctly identified all obstructed 
megaureters that ultimately required surgery, whereas 
ultrasound underestimated both the degree of 
dilatation and the anatomical level of obstruction in 
nearly one-third of cases. For equivocal cases on 
scintigraphy, MRU provided decisive information, 
highlighting its value as a problem-solving modality. 
 

Duplex kidneys and ectopic ureters also represent 
domains where MRU outperforms conventional 
imaging. Avni et al. demonstrated that MRU 
significantly improved preoperative planning in 
children with complicated duplex kidneys, especially in 
characterizing duplicated moieties and their drainage 
patterns 16. Joshi et al. added international validation 
from an Indian cohort, showing comparable accuracy of 
MRU in duplex systems and reinforcing its 
generalizability across practice settings 39. Figueroa et 
al. confirmed MRU’s role in detecting ectopic ureters, 
with MRU identifying insertions that were missed on 
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ultrasound 17. These findings are clinically meaningful, 
as correct diagnosis of ectopic insertion can alter 
management from conservative monitoring to 
definitive ureteral reimplantation. 
 

MRU also plays an important role in post-surgical 
follow-up. Grattan-Smith et al. highlighted that 
functional parameters derived from MRU, such as renal 
output efficiency and time-to-peak enhancement, 
correlated with symptomatic improvement after 
pyeloplasty 6. Arlen et al. showed MRU’s utility in 
diagnosing ureteral strictures, particularly in children 
with prior reconstruction where ultrasound findings 
were inconclusive 40. By providing a reproducible, 
radiation-free alternative to scintigraphy, MRU allows 
longitudinal surveillance of complex surgical patients 
without cumulative exposure. 
 

Beyond these well-established indications, MRU has 
contributed to the evaluation of less common 
anomalies. Garcia-Roig et al. demonstrated its use in 
prune belly syndrome, where MRU provided detailed 
evaluation of both dilated and hypoplastic segments of 
the upper tracts 41. Kalisvaart et al. reported the 
advantage of MRU over ultrasound in contralateral 
kidney assessment in multicystic dysplastic kidney 
disease 42. Stone et al. recently described MRU 
appearances of rare variants of megacalycosis, adding 
to its role in defining atypical congenital anomalies 43. 
 

MRU’s ability to provide combined anatomic and 
functional information in a single, radiation-free 
examination has increasingly shifted its role from 
adjunctive to central in diagnosis, prognostication, and 
post-surgical follow-up. 
 

Recent Advances and Future Directions 
The future of magnetic resonance urography (MRU) lies 
in overcoming its historical limitations and expanding 
its role from diagnostic adjunct to a central, physiology-
based platform in pediatric urology. A major barrier has 
been the need for sedation, required in up to 70% of 
children under age nine 29. Recent technical innovations 
are directly addressing this challenge. Hirsch et al. 
demonstrated the feasibility of real-time MRI in 
children, showing that free-breathing, motion-robust 
acquisitions could generate diagnostic-quality 
abdominal images 22. Kim et al. similarly reported on 
real-time 3D sequences with encouraging results in 
motion-prone pediatric patients 44. Complementary 
acceleration techniques, including compressed sensing 
and parallel imaging, reduce acquisition time by 30–
50% while maintaining diagnostic accuracy 21,23. These 
approaches not only decrease anesthesia exposure but 
also lower cost, increase throughput, and expand 
access to centers without routine pediatric anesthesia 
support, marking a transition toward sedation-free 
MRU. 
 

In parallel, advances in post-processing are addressing 
reproducibility and workflow. MRU analysis has 
traditionally been labor-intensive and operator-
dependent, but automated segmentation and machine 
learning tools are increasingly capable of extracting 
functional parameters such as differential renal 
function and transit times  25. These methods reduce 
inter-observer variability and shorten analysis time, 
while multicenter initiatives are beginning to 
harmonize acquisition protocols and functional 
definitions 24. Standardization is essential for 
establishing normative pediatric reference ranges, 
validating predictive metrics, and incorporating MRU 
into clinical guidelines for hydronephrosis and 
congenital anomalies. 
 

Beyond workflow, MRU is also expanding into 
multiparametric and quantitative domains. Diffusion-
weighted imaging and perfusion-sensitive sequences 
provide tissue-level sensitivity to inflammation, 
ischemia, and obstruction 25. Radiomics and 
quantitative texture analysis applied to these data 
suggest that MRU-derived features could eventually 
serve as predictive biomarkers, differentiating 
obstructive from non-obstructive hydronephrosis or 
identifying kidneys at risk for scarring. This represents 
a conceptual shift from imaging as a descriptive tool to 
imaging as a contributor to precision medicine and 
outcome prediction. 
 

The most forward-looking innovations involve multi-
nuclear MRI, which extends MRU beyond proton 
imaging into physiologic assessment. Sodium (23Na) 
MRI visualizes corticomedullary sodium gradients, 
reflecting tubular concentrating ability, while 
phosphorus (31P) MR spectroscopy measures high-
energy phosphate metabolites such as ATP and 
phosphocreatine, reflecting renal bioenergetics 26. De 
Mul et al. recently demonstrated the feasibility of these 
approaches in pediatric kidneys, suggesting they may 
detect tubular dysfunction or metabolic stress before 
structural or functional changes are apparent 26. 
Although limited by acquisition times, spatial 
resolution, and the need for specialized hardware, 
continued progress in acceleration and motion 
correction may make these approaches clinically viable 
within the next decade. 
 

Despite these advances, challenges remain. 
Gadolinium-based contrast agents, though generally 
safe, raise concerns about tissue deposition, 
reinforcing the importance of non-contrast functional 
methods. Limited scanner availability, high cost, and 
the need for specialized teams restrict MRU access to 
tertiary centers, and cost-effectiveness analyses 
compared with ultrasound and scintigraphy are 
lacking. Overcoming these barriers will require 
coordinated multicenter studies, standardized 
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protocols, and integration of patient-centered 
outcomes into trial design. 
Collectively, these innovations point to an expanding 
role for MRU in pediatric urology. Faster and more 
robust acquisitions are making sedation-free imaging 
feasible; automation and standardization are 
improving reproducibility; multiparametric protocols 
are creating new biomarkers of renal health; and multi-
nuclear imaging offers a vision of MRU as a platform for 
quantitative renal physiology. Realizing this future will 
depend on collaboration, validation, and careful 
integration into clinical pathways, but the trajectory is 
clear: MRU is poised to evolve from an adjunctive study 
into a cornerstone of precision diagnostics in pediatric 
urinary tract disease. 
 

Conclusion: 
MRU has matured into a reliable and reproducible 
modality for pediatric urinary tract evaluation. By 
integrating high-resolution anatomic detail with 
quantitative functional assessment, MRU addresses 
the major limitations of ultrasound, voiding 
cystourethrography, and scintigraphy, while avoiding 
ionizing radiation. Validation studies demonstrate 
strong agreement with scintigraphy for differential 
renal function, and MRU provides added value in 
complex anomalies such as duplex systems, ectopic 
ureters, and primary megaureter. Increasingly, MRU is 
not only diagnostic but prognostic, with morpho-

functional scoring systems now able to predict surgical 
outcomes in ureteropelvic junction obstruction. 
Despite these advantages, limitations remain. Scan 
time, need for sedation in younger children, cost of the 
MRU scanner, expertise of the radiologist, and 
variability in acquisition and post-processing across 
institutions hinder universal adoption. Ongoing 
technical innovations—real-time imaging, compressed 
sensing, and artificial intelligence—are reducing these 
barriers, while multiparametric and multi-nuclear MR 
approaches point toward an expanded role in renal 
physiology. Standardization of protocols and 
multicenter collaboration will be essential to establish 
normative data, refine predictive models, and integrate 
MRU into clinical guidelines. 
 

MRU has evolved from an adjunctive tool to a central 
imaging platform in pediatric urology. Its trajectory is 
toward broader clinical integration, where it may 
ultimately serve not only as a diagnostic modality but 
as a quantitative, physiology-based assessment of the 
developing urinary tract. 
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