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Abstract
Purpose Accurate measurement of renal mass size is crucial in the management of renal cancer. With the burdensome cost 
of imaging yet its need for management, a better understanding of the variability among patients when determining mass 
size remains of urgent importance. Current guidelines on optimal imaging are limited, especially with respect to body mass 
index (BMI). The aim of this study is to discern which modalities accurately measure renal mass size and whether BMI 
influences such accuracy.
Methods A multi-institutional chart review was performed for adult patients undergoing partial or radical nephrectomy 
between 2018 and 2021, with 236 patients ultimately included. Patients were categorized by BMI (BMI 1: 18.5–24.9, BMI 
2: 25–29.9, BMI 3: 30–34.9, and BMI 4: ≥ 35). The greatest mass lengths were compared between the pathology report and 
the following: computerized tomography (CT), renal ultrasound, and magnetic resonance imaging (MRI).
Results The difference between greatest length on CT with contrast and MRI were significantly different when compared 
to pathologic measurement. BMI groups 3 and 4 were found to have a significant difference in size estimates compared to 
BMI 2 for CT with contrast. No difference was found between size estimates by BMI group for any other imaging modality.
Conclusion CT with contrast becomes less accurate at estimating mass size for patients with BMI > 30. While contrast-
enhanced CT remains a vital imaging modality for tissue enhancement in the context of unknown renal masses, caution must 
be used for mass size estimation in the obese population.

Keywords Renal mass · Imaging modality · Body mass index · Size estimation · Renal cell carcinoma

Introduction

The incidence of renal cell carcinoma (RCC) has been 
increasing with the use of cross-sectional imaging [1]. In 
evaluation of renal masses, imaging is an important indicator 

in determining the most appropriate plan of action. Size is a 
key variable in the work-up and management of renal masses 
suspected to be cancerous as there is a known positive cor-
relation between tumor size and malignant potential in RCC 
[2]. This is reflected in the National Comprehensive Cancer 
Network (NCCN) guidelines, which recommend active sur-
veillance as an alternative option for T1a tumors [3]. Addi-
tionally, current guidelines support the use of imaging until 
adequate characterization of the mass is obtained, and even 
recommend supplementary abdominal and chest magnetic 
resonance imaging (MRI) for suspected lymphovascular 
invasion [3, 4].

Though optimal preoperative imaging is desired for the 
planning and execution of an effective operation, there exists 
an underlying provider preference for imaging that may not 
be as well-supported as other perioperative guidance. This 
“carte blanche” prescription often leads to the unnecessary 
requisition of multiple studies. Currently, renal ultrasound 
(RUS) is used most often for the initial diagnosis of a renal 
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mass, however, computed tomography (CT) is more com-
monly used for staging and characterization [5].

While renal mass size is not the sole factor in determining 
therapeutic approach, it greatly impacts the peri-operative 
planning for those who ultimately undergo nephrectomy [2, 
3]. Given the growing cost of advanced renal imaging, lim-
ited access for patients in rural and economically disadvan-
taged areas, and the limitation of current guidelines on the 
optimal preoperative modality for RCC, this study aims to 
improve the management of suspicious renal masses.

Materials and methods

Data collection

A retrospective multi-institutional chart review was per-
formed on all patients who presented between January 1, 
2018, and December 31, 2021, for partial or complete sur-
gical resection of at least one kidney due to a pre-operative 
renal mass identification of any size. This included data from 
three different hospitals and six operating surgeons. Patients 
were excluded if found to have insufficient demographic or 
imaging records, or if the suspected renal mass was classi-
fied as indeterminate or found to be an angiomyolipoma. 
Patients were then categorized into four groups based on 
BMI categories (BMI 1: 18.5–24.9, BMI 2: 25–29.9, BMI 
3: 30–34.9, and BMI 4: ≥ 35).

The variables collected from the medical record include 
the following: age, sex, body mass index (BMI), nephrec-
tomy type (radical or partial), intrarenal mass location 
(upper, mid, lower), mass description, size on radiologic 
imaging report (in up to three dimensions), radiologic 
descriptors, size on pathology report, specimen weight, 
NCCN cancer stage (when applicable), pathologic diagnosis 
of mass, and postoperative surveillance imaging modality 
chosen (if present).

Definitions

The imaging modalities were defined as CT with contrast 
(CTwC), CT without contrast (CTwoC), RUS, and MRI with 
gadolinium. The dimensions reported per radiology reports 
were in three numerical values. The radiology reports were 
inconsistent with the use of volumetric equations for the 
measurement of renal masses. As renal masses are not spher-
ical in size, the reports of the sizes of renal masses were 
reported with the largest dimension as the first numerical 
value in succession to the lowest dimension as the last value 
reported. An identical reporting system was used for speci-
men reports by the pathologist. BMI was categorized into 4 
groups based on the National Institute of Health and World 
Health Organization classifications. BMI 2 was chosen as 

the representative group for comparative analysis as this 
‘overweight’ classification is the age-standardized mean 
BMI in North America [6].

Statistical analysis

The difference between the greatest dimension as reported 
radiologically and the greatest dimension as reported patho-
logically was found for each imaging modality. All dimen-
sions and differences between them are reported in millim-
eters (mm). Negative differences (i.e., imaging size found to 
be less than pathologic size) are indicated as such using the 
negative symbol (−). The differences in greatest dimension 
were compared using a paired t-test for normally distributed 
data and a Wilcoxon paired test for non-normally distrib-
uted data. ANOVA for normal distribution or Kruskal Wallis 
analysis for non-normal distribution was used for numeric 
patient demographics. Chi-square was used for categorical 
patient demographics. Two sample t-test was used to identify 
if there was a difference in the discrepancy of radiological 
versus pathological greatest dimension between BMI catego-
ries. Statistical significance was accepted at p < 0.05.

Results

A total of 236 patients were included in the study (Table 1). 
Of the total cohort, the majority (n, % of total) were classi-
fied as BMI 2 (n = 88, 37.3%), followed by BMI 3 (n = 60, 
25.4%), BMI 4 (n = 46, 19.5%), and BMI 1 (n = 42, 17.8%). 
The mean age of the BMI groups was similar within BMI 
1, 2, 3, and 4 groups (63.05, 63.35, 63.08, and 62.57 years) 
with a total cohort age of 63.08 years. BMI 2 had the highest 
rate of males, consisting of 77.3% of the group, while the 
highest of females was seen in the BMI 4 group, comprising 
50% of the group. The majority of patients underwent partial 
nephrectomy (150, 63.6%). There was no difference between 
rates of radical and partial nephrectomy among the BMI 
groups (p = 0.60). The renal masses were evenly distributed 
among the upper pole (33.5%), middle pole (33.5%), and 
lower pole (33.1%).

The difference between the greatest mean dimension of 
the imaging modalit ies and pathology report was calculated 
for each BMI group. The most common imaging modality 
used within the cohort was MRI (n = 115), while CTwoC 
was the least common (n-41). The results (mean [SD]) 
are listed by BMI category. BMI 1: CTwC − 0.03 [0.49], 
CTwoC 0.4 [0.57], MRI 0.18 [0.58], and RUS 0.22 [0.7]. 
BMI 2: CTwC − 0.03 [0.93], CTwoC − 0.32 [0.74], MRI 
0.08 [1.0], and RUS 0.2 [1.2]. BMI 3: CTwC 0.46 [0.52], 
CTwoC 0.49 [1.01], MRI 0.20 [0.59], and RUS − 0.05 [1.1]. 
BMI 4: CTwC 0.40 [0.51], CTwoC − 0.38 [0.76], MRI 0.16 
[0.61], and RUS − 0.8 [2.4] (Table 2).
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Among the total cohort, the difference between the great-
est mean dimension on CTwC compared to the greatest 
mean dimension on the pathology report was found to be 
statistically significant (p = 0.01). A subanalysis of the data 
showed that 9 (8.3%) of the patients that obtained a CTwC 
had measurements > 3 cm that showed < 3 cm on patho-
logical measurement, a cutoff commonly used to determine 
mass management. MRI was also shown to have significant 
variance within the total cohort (p = 0.04), but this signifi-
cance was lost once MRI measurements were compared 
between BMI groups. There was no significant difference 
found between CTwoC or RUS when compared against the 
pathology reports.

When compared to the reference group (BMI 2), the 
greatest mean difference for CTwC for both BMI 3 (0.46 vs 
− 0.03, p = 0.02) and BMI 4 (0.40 vs − 0.03, p = 0.04) were 
found to be significantly different (Table 2). All remaining 

imaging modalities had similar greatest mean differences 
between the BMI groups.

Discussion

According to the 2021 American Urological Association 
(AUA) Guidelines, active surveillance is recommended for 
solid masses smaller than 2 cm or complex cystic masses 
every 3–6  months with cross-sectional imaging and/or 
RUS, or for those with elevated surgical risk or limited life 
expectancy [7]. The American Society of Clinical Oncol-
ogy Guidelines also recommend active surveillance for renal 
masses 4 cm or less with axial abdominal imaging or RUS 
in similar scenarios, but also lack discussion on the influ-
ence of body mass index [8]. The present findings suggest 
that CT with contrast may remain a consideration for active 

Table 1  Patient demographics and renal mass characteristics

Significant p values are in bold. BMI groups defined as BMI 1: 18.5–24.9, BMI 2: 25–29.9, BMI 3: 30–34.9, and BMI 4: ≥ 35

Total cohort BMI 1 BMI 2 BMI 3 BMI 4 p value

# of Subjects 236 42 (17.8%) 88 (37.3%) 60 (25.4%) 46 (19.5%)
Patient demographics
Mean age 

(range) in 
years

63.08 (31–87) 63.05 (36–85) 63.35 (32–84) 63.08 (45–81) 62.57 (31–87) 0.98

Male sex 161 (68.2%) 28 (66.7%) 68 (77.3%) 42 (70.0%) 23 (50.0%) 0.02
Nephrectomy
Radical 86 (36.4%) 13 (31.0%) 31 (35.2%) 26 (43.3%) 16 (34.8%) 0.60
Partial 150 (63.6%) 29 (69.0%) 57 (64.8%) 34 (56.7%) 30 (65.2%)
Mass location
Upper pole 79 (33.5%) 16 (38.1%) 32 (36.4%) 18 (30.0%) 13 (28.3%) 0.38
Middle 79 (33.5%) 12 (28.6%) 26 (29.5%) 19 (31.7%) 22 (47.8%)
Lower pole 78 (33.1%) 14 (33.3%) 30 (34.1%) 23 (38.3%) 11 (23.9%)

Table 2  Greatest mean difference, imaging modality versus pathology report

Significant p-values are in bold. All values are reported in millimeters (mm). SD = standard deviation. BMI groups are defined as BMI 1: 18.5–
24.9, BMI 2: 25–29.9, BMI 3: 30–34.9, and BMI 4: ≥ 35

Mean differences (mm) ± SD CT w/ contrast (n = 80) CT w/o contrast (n = 41) MRI (n = 115) RUS (n = 49)

Total cohort 0.21 ± 0.72 − 0.11 ± 0.85 0.14 ± 0.76 − 0.04 ± 1.45
BMI 1 − 0.03 ± 0.49 0.4 ± 0.57 0.18 ± 0.58 0.22 ± 0.7
BMI 2 − 0.03 ± 0.93 − 0.32 ± 0.74 0.08 ± 1.0 0.2 ± 1.2
BMI 3 0.46 ± 0.52 0.48 ± 1.01 0.2 ± 0.59 − 0.05 ± 1.1
BMI 4 0.4 ± 0.51 − 0.38 ± 0.76 0.16 ± 0.61 − 0.8 ± 2.4
Mean difference (p value)
Total cohort 0.01 0.40 0.04 0.54
BMI 1 vs. BMI 2 0.99 0.15 0.61 0.95
BMI 3 vs. BMI 2 0.02 0.05 0.52 0.57
BMI 4 vs. BMI 2 0.04 0.86 0.70 0.27
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surveillance in patients with a BMI of 29.9 or less but should 
be avoided in higher indexes to avoid size overestimation. 
These findings should also provide confidence to provid-
ers who only secondarily choose RUS due to contraindica-
tions to CT such as contrast allergy, end-stage renal disease, 
pregnancy, obscuring artifact, or unable to tolerate a supine 
position.

For estimating renal mass size, CT with contrast and 
MRI were found to have significant differences in reporting 
of greatest renal mass dimension compared to findings on 
specimen examination. Furthermore, when subgrouped into 
BMI ranges, CT with contrast was found to overestimate 
renal mass size in those with a BMI of 30 or greater com-
pared to patients with a BMI of 25–29.9. This diminished 
accuracy for estimating mass size in the obese population 
calls into question whether such imaging should be chosen 
for accurate tumor sizing in this population. CT without 
contrast and RUS did not show a difference in predicting 
the size of a renal mass within any BMI cohort, suggesting 
that equivocal preference should be given when choosing 
the imaging method for active surveillance of renal masses 
in similar patients.

The utility of contrast-enhanced CT lies in the increased 
attenuation to identify malignant masses [9]. Without 
contrast, most renal masses have attenuation values that 
approach the surrounding parenchyma, making a radiologic 
read and caliper measurement more technically challenging. 
Therefore, CT with contrast should still be used for the ini-
tial diagnosis of suspected renal cell carcinoma, regardless 
of BMI. Once a lesion has been characterized and the active 
surveillance has been chosen, contrast-enhanced CT may 
remain beneficial for those with BMI < 29.9 once the risks 
and benefits of both radiation exposure and iodine contrast 
administration have been weighed. However, there remains 
no clearly favored imaging modality for active surveillance, 
per 2021 AUA Guidelines. In this cohort (BMI < 29.9), it 
may be appropriate for physicians to use clinical judgment 
in determining which modality is most appropriate in order 
to properly utilize the active surveillance phase.

For those with BMI > 29.9, contrast-enhanced CT may 
overestimate either size or growth rate of the mass dur-
ing active surveillance, potentially leading to unnecessary 
treatment. This difference is elucidated by an analysis of 
our data for a renal mass cutoff of ≤ 3 cm by pathological 
measurement. While masses in patients with BMI < 29.9 
are overestimated in 8.3% of cases, masses in patients 
with BMI > 29.9 are overestimated in 19.2% of cases. 
This difference shows that there is an increased chance 
of overtreatment in the higher BMI cohorts which can 
significantly impact the quality of life. With new litera-
ture providing more information on second-generation 
gadolinium agents [10], active surveillance for patients 
with BMI > 29.9 with contrast-enhanced MRI may still 

be appropriate, even in individuals with chronic kidney 
disease. Moreover, regardless of BMI status, chest and 
abdominal MRI with contrast is recommended for those 
with suspected vena cava infiltration, given the nature of 
characterizing lesions in this region.

Specific patient populations should also be discussed 
given the current findings. RUS is most utilized for renal 
mass imaging in the pediatric and pregnant populations 
to limit radiation exposure [11, 12]. Estimation of renal 
mass size may be just as accurate in these cohorts. It is 
unclear, however, whether the relationship to BMI would 
show similar results in such groups. Extrapolated from a 
2015 meta-analysis regarding prenatal US showed that a 
BMI > 40 posed multiple challenges including a decreased 
detection rate of fetal anomalies in the second trimester 
[13], lending credence to the idea that large volumes of 
adipose tissue present challenges to US wave penetration. 
Additionally, RUS is often employed over other modali-
ties for those with end-stage renal disease, as the use of 
contrast may be contraindicated for glomerular filtration 
rates less than 30 ml per minute [14]. This patient popula-
tion, too, may require MRI or RUS if obese.

The primary strength of the current study is that, to 
our knowledge, this study is the first to use BMI as an 
independent factor for the visualization of kidney masses 
with ultrasound with contrast. Limitations of the current 
study include those inherent to any retrospective, data-
base-driven design. The data included may not be repre-
sentative of the entire population, making it susceptible 
to selection bias. Relationships might be impacted by 
confounding variables that multivariate analysis did not 
take into consideration. Another weakness of our study 
is the variability in size reporting for both pathology and 
radiology reports. This data relied on the radiologists’ 
and pathologists’ reads, and variability between provid-
ers could account for differences seen. It is also possible 
that masses were not able to be completely resected, again 
causing a considerable difference between pathology and 
radiology reports. Ultrasonography is user dependent and 
could account for an additional limitation. Correct instru-
ment variables including proper transducer, equipment 
settings, sonographic gel, and technique are crucial in 
obtaining usable diagnostic images. Along with user vari-
ability ultrasound technology can vary wildly from institu-
tion to institution with no set technology standard. Further 
research is needed to isolate if CT imaging with contrast 
becomes less accurate in patients with BMI ≥ 30 due to 
intrinsic properties of adipose tissue or some other factor 
not elucidated by the present study. Additionally, contrast-
enhanced ultrasonography may become an important tool 
for renal mass characterization and should be a focus of 
future projects, as this may prove non-inferior to CT.
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Conclusion

The current study suggests that BMI does influence the 
accuracy of renal mass size estimation, and that CT with 
contrast should be avoided for active surveillance of renal 
masses in the obese population.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11255- 024- 03962-5.

Author contributions YS: Protocol/project development, Data collec-
tion and management, Data analysis, Manuscript writing/editing. MQ: 
Data collection and management, Data analysis, Manuscript writing/
editing. RD: Data collection and management, Data analysis, Manu-
script writing/editing. BT: Data management, Manuscript writing/
editing. ND: Data management, Manuscript writing/editing. DDV: 
Data collection and management, Data analysis. CP: Manuscript writ-
ing/editing. SP: Manuscript writing/editing. BF: Data management, 
Manuscript writing/editing. TM: Protocol/project development, Data 
collection, Manuscript editing. GB: Protocol/project development, Data 
collection, Manuscript editing.

Funding The authors did not receive support from any organization 
for the submitted work.

Data availability The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval The study was reviewed by the research committee 
and approved by the Jefferson Health Institutional Review Board (ID# 
22E.261). The authors certify that this study was performed in accord-
ance with the ethical standards as laid down in the 1964 Declaration 
of Helsinki and its later amendments or comparable ethical standards.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Abou Elkassem AM, Lo SS, Gunn AJ, Shuch BM, Dewitt-Foy 
ME, Abouassaly R, Vaidya SS, Clark JI, Louie AV, Siva S, Grosu 

AL, Smith AD (2021) Role of imaging in renal cell carcinoma: 
a multidisciplinary perspective. Radiographics 41:1387–1407. 
https:// doi. org/ 10. 1148/ rg. 20212 00202

 2. Thompson RH, Kurta JM, Kaag M et al (2009) Tumor size is 
associated with malignant potential in renal cell carcinoma cases. 
J Urol. https:// doi. org/ 10. 1016/j. juro. 2009. 01. 027

 3. National Comprehensive Cancer Network Clinical Practice Guide-
lines in Oncology (2023) Kidney Cancer Version 4.2023. https:// 
www. nccn. org/ guide lines/ guide lines- detail? categ ory= 1& id= 
1440. Accessed 14 Feb 2023.

 4. Campbell SC, Clark PE, Chang SS, Karam JA, Souter L, Uzzo 
RG (2021) Renal mass and localized renal cancer: evaluation, 
management, and follow-up: AUA guideline: part I. J Urol. https:// 
doi. org/ 10. 1097/ JU. 00000 00000 001911

 5. Morshid A, Duran ES, Choi WJ, Duran C (2021) A concise review 
of the multimodality imaging features of renal cell carcinoma. 
Cureus. https:// doi. org/ 10. 7759/ cureus. 13231

 6. Finucane MM, Stevens GA, Cowan MJ et al (2011) National, 
regional, and global trends in body-mass index since 1980: sys-
tematic analysis of health examination surveys and epidemiologi-
cal studies with 960 country-years and 9.1 million participants. 
Lancet. https:// doi. org/ 10. 1016/ S0140- 6736(10) 62037-5

 7. Campbell SC, Uzzo RG, Karam JA, Chang SS, Clark PE, Souter 
L (2021) Renal mass and localized renal cancer: evaluation, man-
agement, and follow-up: AUA guideline: part II. J Urol. https:// 
doi. org/ 10. 1097/ JU. 00000 00000 001912

 8. Finelli A, Ismaila N, Bro B et al (2017) Management of small 
renal masses: American society of clinical oncology clinical prac-
tice guideline. J Clin Oncol. https:// doi. org/ 10. 1200/ JCO. 2016. 69. 
9645

 9. Radetic M, DeVita R, Haaga J (2020) When is contrast needed 
for abdominal and pelvic CT? Clevel Clin J Med. https:// doi. org/ 
10. 3949/ ccjm. 87a. 19093

 10. Weinreb JC, Rodby RA, Yee J et al (2021) Use of intravenous 
gadolinium-based contrast media in patients with kidney disease: 
consensus statements from the American college of radiology 
and the national kidney foundation. Radiology. https:// doi. org/ 
10. 1148/ radiol. 20202 02903

 11. Khaled H, Lahloubi NA, Rashad N (2016) Review on renal cell 
carcinoma and pregnancy: a challenging situation. J Adv Res. 
https:// doi. org/ 10. 1016/j. jare. 2016. 03. 007

 12. Boussios S, Pavlidis N (2014) Renal cell carcinoma in pregnancy: 
a rare coexistence. Clin Transl Oncol. https:// doi. org/ 10. 1007/ 
s12094- 013- 1105-2

 13. Tsai PJ, Loichinger M, Zalud I (2015) Obesity and the challenges 
of ultrasound fetal abnormality diagnosis. Best Pract Res Clin 
Obstet Gynaecol. https:// doi. org/ 10. 1016/j. bpobg yn. 2014. 08. 011

 14. Davenport MS, Perazella MA, Yee J et al (2020) Use of intrave-
nous iodinated contrast media in patients with kidney disease: 
consensus statements from the American college of radiology 
and the national kidney foundation. Radiology. https:// doi. org/ 
10. 1148/ radiol. 20191 92094

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11255-024-03962-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1148/rg.2021200202
https://doi.org/10.1016/j.juro.2009.01.027
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1440
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1440
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1440
https://doi.org/10.1097/JU.0000000000001911
https://doi.org/10.1097/JU.0000000000001911
https://doi.org/10.7759/cureus.13231
https://doi.org/10.1016/S0140-6736(10)62037-5
https://doi.org/10.1097/JU.0000000000001912
https://doi.org/10.1097/JU.0000000000001912
https://doi.org/10.1200/JCO.2016.69.9645
https://doi.org/10.1200/JCO.2016.69.9645
https://doi.org/10.3949/ccjm.87a.19093
https://doi.org/10.3949/ccjm.87a.19093
https://doi.org/10.1148/radiol.2020202903
https://doi.org/10.1148/radiol.2020202903
https://doi.org/10.1016/j.jare.2016.03.007
https://doi.org/10.1007/s12094-013-1105-2
https://doi.org/10.1007/s12094-013-1105-2
https://doi.org/10.1016/j.bpobgyn.2014.08.011
https://doi.org/10.1148/radiol.2019192094
https://doi.org/10.1148/radiol.2019192094

	Renal Mass Imaging Modalities: Does Body Mass Index (BMI) Matter?
	Recommended Citation
	Authors

	Renal mass imaging modalities: does body mass index (BMI) matter?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Data collection
	Definitions
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


