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Can non-contrast magnetic resonance 
imaging replace contrast-enhanced 
computerized tomography in the local staging 
of pediatric renal tumors?
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Abstract 

Background Renal tumors account for approximately 6–7% of the total incidence of pediatric cancers. Wilms tumor 
(WT) is the most common renal malignancy observed in the pediatric population under 5 years old. Computed 
tomography (CT) is used for staging of the renal tumors. Magnetic resonance imaging (MRI) offers enhanced soft tis-
sue resolution and provides more comprehensive insights into tumor extension through the capsule, including tumor 
infiltration into the renal vein or IVC. MRI is a noninvasive imaging modality that does not involve any radiation 
hazards, making it safe for children. In addition, MRI can be performed without the administration of contrast agents 
in patients with impaired renal function. Therefore, MRI plays a vital role in screening, staging, preoperative evaluation, 
and follow-up. Diffusion-weighted imaging (DWI) is a functional tool that aids in locating the most receptive tumoral 
region to guide confirmatory biopsies. In this study, we aim to evaluate the potential value of non-contrast MRI 
in staging pediatric renal tumors compared to contrast-enhanced CT.

Results This study included 50 patients presented with renal mass, with ages ranging from 1 to 8 years and a mean 
age of 4.27 ± 1.27 (mean ± SD). The final diagnosis was Wilm’s tumor at 86%, clear cell sarcoma at 4%, rhabdoid tumor 
at 4%, rhabdomyosarcoma at 2%, and nephroblastomatosis with no malignant transformation at 4%. CT accurately 
diagnosed stages 4 and 5 in agreement with pathological findings while upstaging the other cases, with a CT sensitiv-
ity of 90.91%, specificity of 82.35%, PPV of 92%, and NPV of 84%. MRI is superior to CT in stages 1 and 3, accurately 
diagnosing stages 2, 4, and 5, with a sensitivity of 93.30%, specificity of 95.65%, PPV of 95%, and NPV of 97%.

Conclusions Non-contrast MRI could be considered the optimal radiation-free imaging modality in staging pediatric 
renal tumors mainly Wilm’s tumor as it offers high sensitivity and specificity of capsular and vascular infiltration, com-
pared to contrast-enhanced CT especially in cases with impaired renal functions.
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Background
Renal tumors comprise approximately 6–7% of all pediat-
ric cancer cases. Wilms tumor (WT) is the most common 
renal malignancy observed in the pediatric population 
aged under 5 years. Renal cell carcinoma, clear cell sar-
coma, and rhabdoid tumors have lower incidence rates, 
whereas leukemia and lymphoma have the lowest inci-
dence rates [1, 2].
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Nephroblastomatosis is a premalignant condition that 
affects children within their first year of life. It is char-
acterized by multifocal involvement of the renal paren-
chyma. Wilm’s tumor is frequently found in 90–100% of 
cases of bilateral nephroblastomatosis [3].

Renal tumor staging is essential for treatment plan-
ning and predicting outcomes. Contrast-enhanced CT 
(CECT) is the most frequently used modality for the 
assessment of renal tumors. Due to its availability, rapid 
scanning time, and capacity to assess the presence of pul-
monary metastases simultaneously [4, 5].

MRI can accurately assess the renal tumor’s extent 
through the capsule and its infiltration into the renal vein 
or IVC. This imaging modality poses no radiation risks, 
making it more suitable for pediatric patients. Further-
more, it can be performed without contrast in patients 
with impaired renal function [5, 6].

Therefore, MRI surpasses CT in the assessment and 
follow-up of pediatric renal masses [7]. It can also serve 
as an alternative for CT in local staging and pre-thera-
peutic assessment of renal tumors [8].

The utilization of a diffusion-weighted imaging (DWI) 
sequence and apparent diffusion coefficient (ADC) map-
ping can serve as noninvasive biomarkers with functional 
value. These biomarkers utilize differences in the diffu-
sion of water molecules in tissues to deduce image con-
trast. It aids in locating the most receptive tumoral region 
to guide confirmatory biopsies [8, 9]. In our study, we aim 
to evaluate the potential value of non-contrast MRI in 
staging pediatric renal tumors compared to CECT.

Methods
The Institutional Review Board approved the study. The 
patients’ parents signed a written consent to use the clini-
cal data in this study as our instiute policy.

Study population
This retrospective study aimed to evaluate pediatric 
patients referred to our hospital’s Radiology Department. 
The study enrolled patients with suspected malignant 
renal masses previously identified by abdominal ultra-
sound (US) to evaluate and stage these masses accurately. 
The study was conducted between October 2019 and 
February 2022.

Inclusion criteria: Age ≤ 18  years, patients with renal 
masses were diagnosed using prior ultrasound (US). 
These individuals underwent both CECT and MRI, with 
1 week or less interval between the CT and MRI exami-
nations. Additionally, it was necessary to have access to 
pathology reports for the renal masses.

The exclusion criteria for this study included non-avail-
able pathology data and /or both CT and MRI examina-
tions for the same patients.

Data collection
CT protocol and imaging data acquisition
All patients underwent CT examination using a sixty-
four-section multi-detector CT (MDCT) scanner 
(Aquilion, Toshiba Medical Systems, Japan). Scans were 
performed before and after administration of intravenous 
non-ionic iodinated contrast media of 1.5  ml/kg body 
weight (Omnipaque 300) mg/ml, GE Healthcare, USA). 
The scans were obtained at 120  kV and 70–90  mAs/
slice. Axial, coronal, and sagittal images were viewed at 
3 to 5 mm slice thickness with a reconstruction interval 
of 1.5 mm. The estimated examination time was approxi-
mately 2–3 min.

MR imaging
The MRI examination was performed using a magnetic 
resonance system (Achieva 1.5T, Phillips Medical Sys-
tems, The Netherlands) with a body/surface phased array 
coil.

For renal morphology assessment, axial T2 weighted 
fast spin-echo/ T2-weighted SPAIR (spectral Attenuated 
inversion recovery) and T1-weighted dual-echo in-phase 
and out-of-phase sequences, and coronal T2 weighted 
fast spin-echo.

Respiratory triggering axial DWI was obtained utilizing 
a single-shot spin echo planar with three b values of 0, 
300, and 600 s/mm2. ADC maps were automatically gen-
erated, and ADC values were expressed in s/mm2.

For each lesion, three regions of interest (ROIs) were 
measured in ADCs at 300 and 600 s/mm2. The ROIs did 
not include necrotic tissue or lesion margins. The mini-
mum value was recorded for each b value among the 
three measurements. For each value of b, the minimum 
measurement was recorded. The ADC values were meas-
ured in the normal renal parenchyma of both kidneys, 
and ROIs were positioned in the central region of each 
kidney. The mean ADC values and standard deviation 
(SD) were calculated for each ROI.

A total of twenty-three children, all under the age of 
six, underwent sedation to obtain high-quality MRI 
images. The estimated examination time was 15–20 min.

Image analysis, interpretation from CECT, and non‑contrast 
MRI
Two expert radiology consultants with 15 and 17  years 
of expertise independently analyzed the CECT and MRI 
images. Both consultants were blinded to the patho-
logical results. In case of disagreement, a third qualified 
radiologist with 25 years of experience was consulted to 
make the final decision. There was good inter-observer 
agreement.
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Every renal lesion was assessed as follows:

• Mass size, location, and number.
• Tumor confined to kidney or extra-renal extension or 

capsule penetration:
• Capsular penetration was considered positive if 

there was a focal protrusion in the mass and nega-
tive if the margin was well-defined and smooth.

• Tissue composition based on CT densities and MR 
signal characteristics (e.g., cystic, solid, hemorrhagic/ 
proteinaceous, ossified).

• MR diffusion signal (restricted/facilitated) and meas-
urement of ADC.

• Contrast enchantment (pattern and intensity).
• The presence of additional lesions in ipsilateral and 

contralateral kidneys
• Contralateral synchronous lesions were considered 

positive if solid lesions were detected in the other 
kidney.

• Presence of renal vein or IVC invasion
• Tumoral thrombus was considered if there was an 

extension of the tumor to the vessel or a discrete 
filling defect within it.

• The presence of lymph node (LN) metastasis
• Positive LNs were defined as those with a short axis 

measuring 1 cm or more [10].
• The presence of intra-abdominal metastasis.
• The final classification of the renal tumor was docu-

mented as depicted in (Table 1) [11].
• In cases of nephroblastomatosis, as this is a prema-

lignant renal condition, patients were evaluated for 
indications of malignant WT changes, such as focal 
heterogeneity of the lesions, altered density, or inten-
sity [12].

Standard of references
The reference standard in our study was based on the sur-
gical and pathological findings. The radiological staging 

of CECT and MRI were compared with the histopatho-
logical post-surgical staging.

Statistical analysis
The SPSS software (version 12 for Windows) was used 
to analyze the data. The results were expressed as a 
mean ± SD or percentage (%). The studied groups’ CECT 
and MRI staging were compared using an unpaired t test. 
ANOVA test was utilized for mean comparison, whereas 
categorical data were compared using the Chi-square 
test. According to Galen’s (1980) instructions, standard 
diagnostic indices such as sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value 
(NPV) were computed. P values ≤ 0.05 were deemed sig-
nificant, and P values ≤ 0.01 were considered highly sta-
tistically significant.

Results
The study included 50 child patients (30 males and 20 
females). Patients’ ages ranged from 1 to 8 years, with a 
mean of 4.27 ± 1.27 (mean ± SD). The clinical presenta-
tion was abdominal mass in 20 patients, hematuria in 
12 patients, and abdominal mass and hematuria in 18 
patients.

The lesion’s size ranged from 3 to 14 cm with a mean 
of 7.27 ± 1.27 (mean ± SD). A total of 40% of the lesions 
originated from the left kidney, while 38% were from the 
right kidney. Bilateral lesions were observed in 22% of the 
cases.

The final diagnosis was Wilm’s tumor (n = 43) 86%, 
clear cell sarcoma (n = 2) 4%, rhabdoid tumor (n = 2) 4%, 
rhabdomyosarcoma (n = 1) 2% and nephroblastomatosis 
with no malignant transformation (n = 2) 4%. The most 
common malignant lesions found in our study were 
Wilms’s tumors, accounting for 86% of cases.

CT and MRI findings in correlation with pathology
The final pathological staging was as follows:

Table 1 Wilms’ tumor—clinic-pathological—National Wilms’ Tumor Study (NWTS) staging [11]

Wilms’ tumor—clinic-pathological—National Wilms’ Tumor Study (NWTS) staging

Stage I Tumor confined to kidney without capsular or vascular invasion, tumor was not biopsied or ruptured. No residual tumor tissue after resection

Stage II Tumor beyond renal capsule, vessel infiltration, biopsy performed before resection or intraoperative tumor rupture. Confined to the flank, 
not involving peritoneal surface (Completely resectable tumor with tumor-free margins)

Stage III Tumor beyond renal capsule, vessel infiltration, biopsy performed before resection or intraoperative tumor rupture. Confined to the flank, 
not involving peritoneal surface (Completely resectable tumor with tumor-free margins)

Stage IV Tumor beyond renal capsule, vessel infiltration, biopsy performed before resection or intraoperative tumor rupture. Confined to the flank, 
not involving peritoneal surface (Completely resectable tumor with tumor-free margins)

Stage V Bilateral renal involvement present at diagnosis
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• Two cases of nephroblastomatosis with no malignant 
transformation.

• Out of a total of 50 cases, 48 cases were as follows:

According to the data, 38% of cases were classified as 
stage I, whereas 6% were categorized as stage II. In addi-
tion, 26% of the cases were classified as stage III, whereas 
10% were categorized as stage IV. Finally, 16% of the cases 
were categorized as stage V.

In relation to the staging performed by CT, 22% of the 
cases were diagnosed as stage I, 14% as stage II, 34% as 
stage III, 10% as stage IV, and 16% as stage V. The sen-
sitivity of the staging was 90.91% with a 95% confidence 
interval (CI) of 75.67% to 98.08%, while the specificity 
was 82.35% with a 95% CI of 56.57% to 96.20%. PPV was 
92%, and NPV was 84% (Fig. 1). The CT scan accurately 
identified stages 4 and 5 correlating with pathology while 
upstaging the other cases (Fig. 2).

Regarding the staging by MRI, 34% of the cases were 
diagnosed as stage I, 6% as stage II, 30% as stage III, 10% 
as stage IV, and 16% as stage V. The sensitivity of the MRI 
staging was 96.30%, with a 95% CI ranging from 81.03 to 
99.91%. The specificity was 95.65%, with a 95% CI rang-
ing from 78.05 to 99.89%. PPV was 95%, and NPV was 

97% (Fig. 1). MRI accurately diagnosed stages 2, 4, and 5, 
surpassing the accuracy of CT in stages 1 and 3 (Fig. 2).

All the lesions showed diffusion restriction by quali-
tative (high signal at DWI), low ADC map, and quan-
titative values with ADC values ranging from 0.6 to 
1.1 ×  10−3   mm2/s). Diffusion restriction was significantly 

Fig. 1 Comparison between CT, MRI diagnosis and pathology

Fig. 2 Accuracy of CT and MRI
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lower than normal parenchyma ADC. The central necro-
sis and hemorrhage areas demonstrated higher ADC val-
ues than the active areas (facilitated diffusion).

Regarding the capsular infiltration, MRI was more 
accurate than CT. Pathological analysis revealed capsular 
infiltration in 14 cases. MRI correctly detected capsular 
affection in cases. CT was positive in 17 cases, with false 
positive in three cases. Therefore, the CT showed over-
staging of the cases as staging II in relation to the pathol-
ogy (14% versus 6%, respectively) (Fig. 3).

The venous extension was positive in only 11/48 cases 
(6 renal veins, 5 IVC). CT accurately identified the 
venous extension in 85.4% of cases, while MRI achieved 
an accuracy rate of 89%, as demonstrated in (Fig. 4).

Lymph node metastasis was pathologically positive 
in 41.6% of cases (20/48). CT detected enlarged lymph 
nodes in 75% (15/20), while MRI detected positive 
lymph nodes in 80% of cases (16/20) (Fig. 5) (Table 2).

Fig. 3 CECT A, B large right renal mass with capsular rupture (arrow). MRI C, D axial TI out phase and in phase, respectively, E axial T2, F coronal T1 
revealed intact renal capsule around the lesion, G Diffusion images with b values 600 show restricted diffusion of the mass lesion, with ADC value 
(H) 0.8 ×  10−3  mm2/s. Pathology confirmed the diagnosis of the right Wilms tumor with an intact capsule (stage 1)

Fig. 4 CECT A–C bilateral renal mass lesions, non-opacified IVC likely filling defect/thrombosis. MRI images D, E axial TI out phase and in phase, 
respectively. F coronal T2 revealed bilateral mass lesions with normal signal void of the IVC with no evidence of thrombosis, G diffusion 
images with b values 600 showed diffusion restriction of both lesions, confirmed by low signals at ADC map, H with ADC value 0.8 at the right 
and 0.5 ×  10−3  mm2/s at the left side. Pathology confirmed the diagnosis of bilateral Wilms with no vascular invasion (stage 5)
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Regarding bilateral lesions (Stage V), both CT and MRI 
correctly diagnosed all 16% of the pathologically proven 
synchronous bilateral lesions (Fig. 5).

Nephroblastmatosis
Our study included four cases of nephroblastmosis iden-
tified through ultrasound examination. Suspected cases 
exhibited signs of malignant transformation. Two cases 
of nephroblastmosis without malignant transformation 

were identified using CT and MRI imaging techniques 
and confirmed by pathological examination. Addition-
ally, two cases were found to have unilateral malignant 
transformation. Subsequent pathological examination 
confirmed that these cases were classified as (stage I) WT 
(Fig. 6).

Diffusion and ADC map
All the lesions exhibited diffusion restriction, as evi-
denced by qualitative (high signal at DWI), low ADC 
map, and quantitative values with ADC values ranging 
from 0.6 to 1.1 ×  10−3   mm2/s), which were significantly 
lower than normal parenchyma ADC. The central necro-
sis area showed higher ADC values than the active areas 
(facilitated diffusion).

Diffusion restriction was observed in cases of nephro-
blastomatosis, as indicated by the low ADC values 
(0.8 ×  10−3   mm2/s). Their high cellularity and condensed 
tissues make Brownian movement of water molecules 

Fig. 5 CECT A–C revealed a large left renal mass lesion, associated with large Aortocaval LN, hepatic focal lesions and multiple metastatic 
pulmonary nodules. MRI D, E TI out phase and in phase, respectively, revealed a large left renal mass lesion, Aortocaval LN, hepatic focal lesions 
and F basal lung cuts revealed multiple metastatic pulmonary nodules, G, H diffusion images with b values 300 and 600 showed diffusion 
restriction of the renal lesion, LN as well as the hepatic focal lesions, confirmed by low signal at ADC map, I with ADC values ranging from 0.7 
to 0.9 ×  10−3mm2/s. Histopathology confirmed the diagnosis of the left Wilms tumor with distant metastasis (stage 4)

Table 2 Capsular, nodal and IVC infiltration by CT, MRI and 
pathological finding

CT MRI Pathology

Capsular infiltration 17 14 14/48

LN 15 16 20/48

Renal vein 4 5 6/48

IVC 5 5 5/48
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difficult, which is further supported by the lower ADC 
values than those of normal renal tissues.

Discussion
The staging of pediatric renal tumors is crucial in treat-
ment planning, whether it can be managed surgically or 
combined with chemo or radiotherapy [13]. CECT and 
MRI are two common diagnostic imaging modalities for 
accurately staging pediatric renal masses. However, MRI 
can provide a more accurate capsular and vascular infil-
tration assessment and comprehensive soft tissue charac-
terization [14].

DWI is a sequence utilized to assess molecular diffu-
sion. Tumor tissues have diffusion restriction due to the 
higher cellular tissue and increased index of neoplas-
tic replication. Consequently, this reduces intercellular 
spaces and subsequent ultra-structural alteration of the 
kidney tissue [15].

In this study, we evaluated the value of non-contrast 
MRI in the staging of pediatric renal tumors in compari-
son to CECT.

The most common renal tumors observed were Wilm’s 
tumor, accounting for 86% of cases, followed by clear cell 
sarcoma at 4%, rhabdoid tumor at 4%, rhabdomyosar-
coma at 2%, and nephroblastomatosis without malignant 
transformation at 4%. These results are in agreement 
with the study conducted by Gee et  al. [16], which 
revealed that Wilms’ tumor accounts for 94% of pediatric 
renal tumors. Additionally, Anand et  al. [17] found that 
90% of these tumors were malignant, with Wilms’ tumor 

comprising 95% and other pathologies such as clear cell 
sarcoma, lymphoma, and rhabdoid tumor making up 5%.

CT demonstrated high accuracy in diagnosing stages 
4 and 5, as confirmed by pathology while upstaging the 
other cases. CT sensitivity was 90.91%, while specificity 
was 82.35%. MRI accurately diagnosed stages 2, 4, and 5 
and is more accurate compared to CT in stages 1 and 3. 
MRI sensitivity was 93.30%, while specificity was 95.65%, 
which aligns with Gee et al. [16]. They revealed that MRI 
is considered the imaging modality of choice for assess-
ing multifocal disease and venous invasion, both of which 
have treatment implications. Furthermore, it is consistent 
with the findings of Meng et  al. [5], who compared CT 
and MRI in staging renal tumors in children. The results 
demonstrated that CT has a sensitivity of 85% and a 
specificity of 82% in comparison to MRI, which has a sen-
sitivity of 91% and specificity in the staging of pediatric 
renal tumors.

All cases in this study exhibited diffusion restriction, 
as evidenced by both qualitative and quantitative values, 
with ADC values ranging from 0.6 to 1.1 ×  10−3   mm2/s). 
Diffusion restriction was significantly lower than nor-
mal parenchyma ADC. Diffusion showed false-positive 
results for nephroblastomatosis without malignant trans-
formation, owing to their condensed tissues. Our results 
are consistent with a study by Platzer et al. [9], who illus-
trated that 11 patients were diagnosed with WT and six 
patients had nephroblastomatosis. All lesions had low 
mean ADC values < 1.0. Therefore, diffusion imaging and 
ADC values could not differentiate significantly between 
malignant disease and nephroblastomatosis. This can 

Fig. 6 CECT A–C bilateral diffuse enlargement of the kidneys seen engulfed by hypodense cortical lesions denoting nephroblastomatosis 
with right focal heterogeneous lesion likely malignant transformation to Wilms with intact capsule. MRI images D axial T2 image revealed bilateral 
diffuse cortical low T2 engulfing renal parenchyma, E show diffuse restriction of both kidneys nephroblastomatosis, the right focal heterogeneous 
lesion, F low T1 with intact capsule, G diffusion images with b value 600 show restriction, H with ADC value 0.5 ×  10−3  mm2/s. Histopathology 
confirmed the diagnosis of the right Wilms tumor on top of nephroblastomatosis (stage 1)
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be attributed to the high cellularity of the nephroblasto-
matosis that restricted diffusion. Kilickesmez et  al. [18] 
demonstrated that diffusion can effectively differenti-
ate between benign and malignant lesions. The average 
ADC values for malignant lesions ranged from (0.4 to 
1.08 ×  10−3  mm2/s).

The limitations of our study included the relatively 
limited number of cases examined, both in terms of the 
overall sample size and the number of cases for each 
pathological entity.

Conclusions
Non-contrast MRI could be considered the optimal radi-
ation-free imaging modality in staging pediatric renal 
tumors mainly Wilm’s tumor as it offers high sensitivity 
and specificity of capsular and vascular infiltration, com-
pared to contrast-enhanced CT especially in cases with 
impaired renal functions.

Abbreviations
WT  Wilms tumor
CT  Computed tomography
CECT  Contrast-enhanced computed tomography
MRI  Magnetic resonance imaging
DWI  Diffusion-weighted imaging
ADC  Apparent diffusion coefficient
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