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Introduction: To further elucidate potential patterns 
of contrast enhancement for renal neoplasm subtypes, 
we investigated utility of contrast washout formula 
to differentiate renal tumor histology after multiphase 
computerized tomography (CT).
Materials and methods:  Single center retrospective cohort 
study of 163 patients with multiphase CT for renal masses 
obtained October 2007 to July 2012.  Pathology confirmed 
clear cell (CC-RCC; n = 92), papillary (Pa-RCC; n = 43), 
chromophobe (Ch-RCC; n = 6), oncocytoma (OC; n = 11), or 
angiomyolipoma (AML; n = 11) histology.  Two radiologists 
in consensus and blinded to histology recorded tumor size, 
morphology, and attenuation measurements in Hounsfield 
Units (HU).  Data were analyzed between subgroups based 
on histology.  Enhancement washout of the tumor was 
calculated by the formula (Mass nephrographic HU-Mass 
delayed HU)/(Mass nephrographic HU-Mass non-contrast 
HU) and used to calculate sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV).

Results:  Tumor size was largest among CC-RCC (p < 0.001).   
Homogeneous composition was more common among 
Pa-RCC and Ch-RCC (p < 0.001).  Median washout for 
Ch-RCC (0.27) was significantly different from that of OC 
(0.54, p = 0.05).  Overall 25 (15.3%) of tumors had washout 
< 0.  Tumors with washout value < 0 were Pa-RCC 24/43 
(56%), and Ch-RCC 1/6 (14%).  Washout value < 0 had 
a specificity of 99.2% for Pa-RCC and 100% for non-CC-
RCC.  Washout value ≥ 0 had a sensitivity and NPV of 
100% for CC-RCC, OC, and AML.  Washout value ≥ 0 had 
a specificity of 35.2% and a PPV of 66.7% for CC-RCC.
Conclusions:  Enhancement washout value < 0 is highly 
specific for Pa-RCC and non-CC-RCC.  Washout value ≥ 0 
is highly sensitive for CC-RCC, OC, and AML while there 
was a significant difference in median washout between 
OC and Ch-RCC.  Further prospective investigation is 
requisite to confirm these findings.
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of renal masses, but may also demonstrate advantage 
for surgical planning, surveillance of small renal 
masses, and assessment of response to ablative and 
systemic therapy.2-4  A substantial number of patients 
with localized masses identified on CT who undergo 
extirpative surgery have an inaccurate or incomplete 
preoperative estimation of pathological risk--historically 
extirpative surgery has been the key method of diagnosis 
and therapy for RCC, however many small renal masses 
have limited pathological risk—roughly 10%-20% of 
patients who undergo extirpative surgery may have 
benign lesions, and another 60% are indolent variants 
of RCC, and chance of benign histology increases with 
decreasing size of the mass.5,6

6790

Introduction

An increasing number of individuals are diagnosed 
with renal cell carcinoma (RCC) each year, with more 
cancers diagnosed at earlier stages,1 presumably 
secondary to increased utilization of cross sectional 
imaging.  Computerized tomography (CT) is currently 
a standard method for identification and clinical staging 
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CT imaging evaluation
CT exams were performed with 4- (Aquilion 4, Toshiba 
Medical Systems, Otawara, Japan) or 64- detector row 
helical scanners (GE Medical Systems, Milwaukee, WI, 
USA).  CT images were acquired with the following 
parameters: 120 kVp, 200 mA-600 mA depending on the 
size of the patient.  The pitch varied from 0.75 to 1.5.  In 
64 slice scanner section thickness measured 0.625 mm 
reconstructed at 5 mm and at 4 slice scanner 5 mm section 
thickness was obtained.  Patients were scanned using a 
renal mass protocol that included 3 or 4 phases. The 4 
phase protocol (n = 83 patients; 48 CC-RCC; 28 Pa-RCC; 0 
Ch-RCC; 8-OC; 7-AML) consisted of a non-contrast phase 
through the kidneys, a corticomedullary phase (35 second-
delay) through the kidneys, a nephrographic phase (80 
second delay) from the diaphragm to the symphysis 
pubis and a 180 second delay through the kidneys. The 
3 phase CT scan (n = 72 patients; 44 CC-RCC; 15 Pa-RCC;  
6 Ch-RCC; 3-OC; 4-AML) omitted the corticomedullary 
phase, which was not used in the washout analysis.  All 
patients received 140 cc of nonionic intravenous contrast 
material (Iohexol 350, Omnipaque; GE Healthcare, 
Milwaukee, WI, USA) at a rate of 4 mL/sec.  Images were 
reviewed on a picture archiving and communication 
system workstation.

Data and image analysis
Clinical data included demographics, history of 
smoking, hypertension, and preoperative serum 
creatinine.  Two radiologists, blinded to pathological 
outcome, interpreted the images and when there was 
discordance in image interpretation, the final decision 
was reached by consensus.  Interpreted parameters 
included numerical values for tumor size (cm), 
attenuation measurements in Hounsfield Units (HU), 
and categorical measurements of heterogeneous or 
homogeneous composition, collecting system entry, 
presence of necrosis, and cystic components.  Region 
of interest was placed over the area with the highest 
attenuation on corticomedullary and/or nephrographic 
phase for attenuation measurements.  Matching 
regions of interest were placed in the same location 
on the non-contrast and delayed phases.  The region 
of interest covered the maximal measurable area 
that demonstrated highest enhancement.  If the mass 
enhanced homogeneously, the region of interest covered 
one half to two thirds of the mass.  Cystic, calcified, or 
necrotic areas were not included in the region of interest. 

Statistical analysis and measures of performance
Data were analyzed between histologic subgroups 
using comparative statistics.  Clinicopathological 
characteristics were compared using univariable 

The significant prevalence of benign lesions and 
preponderance of indolent RCC on surgical pathology 
of small renal masses has lead to further investigation 
towards improvement of diagnostic methods and pre-
treatment risk assessment.  Utility of renal mass biopsy 
for initial diagnosis remains controversial; despite 
improvements in technique in recent years,7 up to 20% 
of percutaneous biopsies remain non-diagnostic in 
modern series, with imperfect assessment for presence 
of malignancy and tumor subtype.3,8,9  Noninvasive 
methods that increase the diagnostic ability to 
differentiate types of renal masses will be increasingly 
important as knowledge regarding disease progression 
and response to therapy continues to develop.  This 
has led to investigation through a heterogeneous 
selection of imaging modalities to differentiate renal 
tumor histologies.10-12  Recent studies suggest ability 
to differentiate between benign and malignant lesions 
using enhancement patterns on contrast CT, however 
these reports are of small cohorts with conflicting 
results,13,14 and to date there is no validated consensus 
on how to differentiate tumor histology with imaging.  
We sought to identify if application of contrast washout 
formula on contrast enhanced CT may aid in the 
differentiation of renal tumor histology.

Materials and methods

Study population 
Institutional review board approved retrospective 
cohort study includes individuals at San Diego 
Veterans Affairs Medical Center who underwent 
multiphase CT for cortical solid renal masses from 
October 2007 to July 2012 (n = 163).  The scans were 
obtained as part of a work up for renal tumors 
suspicious for malignancy (‘renal mass protocol’ CT 
scan) prior to planned extirpative surgery (radical 
nephrectomy, partial nephrectomy).  Neoplasms 
not diagnosed by renal mass protocol CT [magnetic 
resonance imaging or CT urogram protocol] were 
excluded (n = 34).  Cystic, urothelial, inflammatory/
infectious and hematologic malignant lesions were 
excluded were excluded from analysis, and patients 
with non-lipid poor angiomyolipoma (AML) and 
those without confirmed tumor histology were 
also excluded from the analysis (n = 53).  Standard 
pathological examination of the corresponding renal 
masses confirmed clear cell (CC-RCC; n = 92), papillary 
(Pa-RCC; n = 43), chromophobe (Ch-RCC; n = 6), 
oncocytoma (OC; n = 11), or angiomyolipoma (AML; 
n = 11) histology.15  Radiologists were blinded to the 
tumor histology while interpreting the imaging until 
after analysis of the data.
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analysis with Chi-square for categorical variables, 
ANOVA/independent t-test (Bonferroni correction) 
for normally distributed continuous measures 

and Kruskal-Wall is/mann-
whitney u-test for non-normally 
distributed continuous variables.  
Absolute enhancement washout 
value was calculated by the 
formula (Mass nephrographic 
HU-Mass delayed HU)/(Mass 
nephrographic HU-Mass non-
contrast HU) and is reported as a 
raw value.16  The corticomedullary 
phase is  omitted from the 
washout formula.  Examples 
of washout calculation are 
demonstrated in Figure 1 .   
Washout value was used to 
calculate sensitivity, specificity, 
positive predictive value (PPV) 
and negative predictive value 
(NPV) for predicting tumor 
subtypes.  After preliminary 
review of the data a threshold 
v a l u e  o f  0  w a s  i n i t i a l l y 
designated for  categorical 
analysis comparing washout < 0 
versus ≥ 0 to maximize simplicity 
of potential  use in clinical 
practice.  A second threshold 
of 0.16 was designated for 
categorical analysis comparing 
washout ≥ 0.16 versus washout  
< 0.16 to maximize measures of 
test performance according to the 
distribution of washout values 
for all tumor types.  Additional 
analysis included measurements 
of relative enhancement of 
tumor to cortex primarily in the 
corticomedullary phase, but also 
the other phases, to determine 
if these measurements could 
differentiate between oncocytoma 
and RCC.13,14  Statistical analysis 
was performed with SPSS version 
17.0 (Chicago, IL, USA).  P-value 
< 0.05 was defined as significant.

Results

Participants
We included 163 patients in the 

Figure 1.  [HU in the ellipsoid in each image].  a) 69-year-old male with 
left papillary renal cell carcinoma. Non-contrast CT demonstrates mass to 
measure 20 HU; b) after contrast administration, the mass progressively 
enhances from 39 HU on nephrographic scan, and then c) to 49 HU on  
3 minute delayed image. The enhancement washout of this mass equals 
(Mass Nephrographic HU-Mass Delayed HU)/(Mass Nephrographic 
HU-Mass Non-contrast HU) = 39-49/39-20= -0.5; d) 63-year-old male with 
right clear cell renal cell carcinoma. Non-contrast CT demonstrates right 
renal mass to measure 51 HU; e) the mass achieves maximal enhancement 
at nephrographic CT scan measuring 139 HU, with significant washout 
by 3 minute delayed image when it measures 85 HU; f) the enhancement 
washout of this mass equals 139-85/139-51= 0.6

study.  Significant differences existed in age (p < 0.001), 
sex (p < 0.001), and preoperative serum creatinine  
(p = 0.008) between histological subgroups, Table 1.
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Imaging characteristics
Tumor size was largest among CC-RCC and 
smallest among AML (p < 0.001).  Heterogeneous 
composition was most common among CC-
RCC, and homogeneous composition was more 
common among Pa-RCC and Ch-RCC (p < 0.001), 
Table 1.  After administration of contrast, CC-
RCC, OC, and AML enhanced to significantly 
greater magnitude compared to Pa-RCC and Ch-
RCC within all post-contrast phases (p < 0.001).   
Overall 25 (15.3%) of tumors had washout < 0.  
Median washout value for CC-RCC was 0.54 (IQR 
0.47-0.61), and similarly for OC was 0.54 (IQR 0.44-
0.7).  Median washout for Ch-RCC (0.27, IQR 0.07-
0.35) was significantly different from that of OC 
(p = 0.05).  Tumors with washout value < 0 were 
Pa-RCC 24/43 (56%), and Ch-RCC 1/6 (14%).  No 
patients with CC-RR, OC, or AML had washout 
value < 0.  When the washout cut off was increased 
to 0.16 a total of 9 more papillary tumors were 

included, for a total of 33 papillary tumors (76.7%) 
included in the group < 0.16.  Group assignment of 
other histologies was not affected by increasing the 
washout threshold to 0.16, Table 2.  A distribution 
of tumor enhancement washout values is shown in 
Figure 2.

Additional enhancement analysis compared 
the relative enhancement of tumor to cortex in the 
corticomedullary phase for tumor subtypes.  When 
difference in Mass minus Cortex in the corticomedullary 
phase was calculated, median difference (IQR) was 
-6.5 (-37 to 22.8) for CC-RCC; -123 (-160.3 to -87) for 
Pa-RCC; 28 for OC (-57. 8 to -18.3) and -20 (-44 to -1) 
for AML [p value < 0.001, overall and significant in 
pair-wise comparisons for CC-RCC versus Pa-RCC, 
Pa-RCC versus OC, and Pa-RCC versus AML, but not 
CC-RCC versus OC].  Therefore, on subset analysis, 
Pa-RCC, but not CC-RCC demonstrated a consistent 
difference in corticomedullary values between mass 
and cortex compared to OC. 

TABLE 1.  Patient characteristics and tumor imaging morphology 

	 CC-RCC	 Pa-RCC	 Ch-RCC	 OC	 AML	 p value
	 (n = 92)	 (n = 43)	 (n = 6)	 (n = 11)	 (n = 11)	

Mean age ± SD, yrs	 64 ± 10.5	 59 ± 11.7	 60 ± 8.3	 69 ± 8.6	 51 ± 16.4	 < 0.001

Sex						      < 0.001
     Male	 75 (85.2%)	 33 (78.6%)	 6 (100%)	 8 (72.7%)	 3 (27.3%)
     Female	 13 (14.8%)	 9 (21.4%)	 0 (0%)	 3 (27.3%)	 8 (72.7%)	

Race						      0.151
     Caucasian	 53 (63.9%)	 24 (61.5%)	 2 (33.3%)	 10 (90.9%)	 5 (50%)
     Other	 30 (36.1%)	 15 (38.5%)	 4 (66.7%)	 1 (9.1%)	 5 (50%)

Mean BMI ± SD, kg/m2	 29 ± 5.5	 27.7 ± 6.5	 28.1 ± 3.3	 27.8 ± 4.4	 25.5 ± 4.8   	 0.400

Smoking history	 54 (64.3%)	 24 (63.2%)	 1 (16.7%)	 3 (42.9%)	 1 (33.3%)   	 0.123

Preoperative creatinine (IQR)	 0.99 (0.85-1.1)	 0.96 (0.8-1.1)	 0.96 (0.8-1.2)	 1.2 (0.8-1.4)	 0.79 (0.7-0.9)	 0.008

Tumor size, cm (IQR)	 4.9 (2.9-7.2)	 2.7 (1.7-5.5)	 3.6 (3-5.3)	 1.8 (1.2-3.2)	 1.7 (1.2-5)	 < 0.001

Borders						      0.413
     Well defined	 79 (85.9%)	 39 (90.7%)	 5 (83.3%)	 11 (100%)	 11 (100%)
     Ill defined	 13 (14.1%)	 4 (9.3%)	 1 (14.3%)	 0	 0	

Composition						      < 0.001
     Heterogeneous	 87 (94.6%)	 11 (25.6%)	 0 (0%)	 5 (45.5%)	 6 (54.5%)
     Homogeneous	 5 (5.4%)	 32 (74.4%)	 6 (85.7%)	 6 (54.5%)	 5 (45.5%)

Calcification	 17 (18.5%)	 5 (11.6%)	 2 (33.3%)	 0	 0	 0.146

Lymphadenopathy	 2 (2.2%)	 3 (7%)	 0 (0%)	 0	 0	 0.502

Necrosis	 67 (77.9%)	 9 (20.9%)	 0 (0%)	 0	 0	 < 0.001

Cystic	 3 (3.5%)	 2 (4.7%)	 0 (0%)	 0	 0	 0.870
CC = clear cell; RCC = renal cell carcinoma; Pa = papillary; Ch = chromophobe; OC = oncocytoma; AML = angiomyolipoma; 
BMC = body mass index
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TABLE 2.  Tumor attenuation values (HU) and washout 

	 CC-RCC	 Pa-RCC	 Ch-RCC	 OC	 AML	 p value
	 (n = 92)	 (n = 43)	 (n = 6)	 (n = 11)	 (n = 11)

Non-contrast HU	 32	 35	 37	 30	 40	 0.053
(IQR)	 (27-37)	 (28-40)	 (28-44)	 (25-35)	 (31-52)

Corticomedullary	 161	 54	 -	 153	 163	 < 0.001*
HU (IQR)	 (134-204)	 (45-72)	 -	 (131-186)	 (127-181)

Nephrographic	 145	 64	 71	 158	 144	 < 0.001*
HU (IQR)	 (130-172)	 (51-84)	 (62-75)	 (132-190)	 (134-149)

Delayed	 86	 65	 62	 85	 91	 < 0.001*
HU (IQR)	 (75-98)	 (57-78)	 (55-68)	 (79-100)	 (82-106)	

Washout	 0.54	 -0.04	 0.27	 0.54	 0.44	 < 0.001*
(IQR)	 (0.47-0.61)	 (-0.35-0.13)	 (0.07-0.35)	 (0.44-0.7)	 (0.42-0.57)

Washout (# tumors)						      < 0.001*
     < 0.16	 0	 33 (76.7%)	 1 (16.7%)	 0	 0	
     ≥ 0.16	 92 (100%)	 10 (23.3%)	 5 (83.3%)	 11 (100%)	 11 (100%)

Washout (# tumors)							       < 0.001*
     < 0	 0	 24 (55.8%)	 1 (16.7%)	 0	 0	
     ≥ 0	 92 (100%)	 19 (44.2%)	 5 (83.3%)	 11 (100%)	 11 (100%)	

CC = clear cell; RCC = renal cell carcinoma; Pa = papillary; Ch = chromophobe; OC = oncocytoma; AML = angiomyolipoma

Figure 2. Waterfall plot demonstrating distribution 
of enhancement washout values among all tumors 
in the study.  A value of 0.16 was chosen to maximize 
cutoff between clear cell and non-clear cell renal cell 
carcinoma.  Histologies are Pa-RCC (green), Ch-RCC 
(yellow), CC-RCC (blue), AML (red), and OC (black).

Statistical measures of performance
Washout value < 0 had a specificity of 99.2% for  
Pa-RCC and 100% for non-CC-RCC.  Washout value ≥ 0 
had sensitivity and NPV of 100% for CC-RCC, OC, and 
AML.  Washout value ≥ 0 had a specificity of 35.2% and 
a PPV of 66.7% for CC-RCC, Table 3.  After increasing 

the washout threshold to 0.16, for washout < 0.16 the 
sensitivity for Pa-RCC increased to 77%.  Washout value 
≥ 0.16 had a specificity of 52.1% and PPV of 71.3% for 
CC-RCC.

Discussion

Herein we demonstrate an efficient method that 
provides an additional tool to aid with diagnosis of 
renal mass histology.  This method may be easily 
applied in clinical practice, as it 1) uses existing 
technology and imaging practices, and 2) applies 
a contrast washout evaluation analogous to that 
radiologists and urologists may be familiar with for 
evaluation of adrenal masses.  Most substantial, we 
demonstrated that enhancement washout value < 0 
was 100% specific for non-clear cell RCC in our cohort.  
As defined in our study, to obtain an enhancement 
washout value < 0 the mass must enhance greater on 
the delayed phase compared to the nephrographic 
phase on contrast-enhanced CT images. 

These findings are similar to a recent report by 
Shebel et al, who investigated enhancement washout of 
renal masses in 97 patients, but noted a greater degree 
of enhancement for Ch-RCC and substantially less for 
OC compared to our study.17  While Shebel et al utilized 
multiple thresholds for relative and absolute washout, 
we designed our analysis around a washout value of < 0 
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versus ≥ 0 for.  We were able to determine that increasing 
the threshold to 0.16 aided in differentiation of Pa-RCC 
from CC-RCC, which is closer to the value of 0.14, or 
14% as reported by Shebel et al.  Further analysis and 
validation studies would be necessary to determine 
the thresholds with highest accuracy for differentiation 
between tumor types. 

We find that application of washout formula to 
differentiate between clear and non-clear cell RCC may 
be a practical adjunct to current diagnostic methods as 
our field marches towards improved risk assessment 
of renal masses and efficacy of individualized medical 
and surgical therapies.  Distinct histologic types of 
renal masses have varying risks of progression to 
metastatic disease, with clear cell having the highest 
rate of visceral metastases,5,6,18 and patients with 
metastatic disease demonstrate differential responses 
to systemic medical therapy based on tumor type.19-22   
Currently there is substantial clinical interest in 
differentiating between benign and malignant masses 
using CT parameters, however potentially applicable 
results have not been validated. In this study we 
also performed a secondary analysis to determine 

if we could validate results of other groups who 
have suggested that enhancement patterns may be 
able to differentiate between OC and RCC in the 
corticomedullary phase.13,14  We found that there was 
no significant difference in the relative attenuation 
between tumor and cortex for OC and CC-RCC in 
the corticomedullary phase, though we did note a 
significantly greater median washout for OC than 
Ch-RCC.  Interestingly, the study by Gakis et al reports 
higher attenuation values for CC-RCC, while the 
study by Bird et al reports higher values for OC, and 
similarly each of these studies include small cohorts 
of OC.  Although Bird et al also reported that only OC 
has a washout greater than 50%;14 these findings are 
not consistent with our study or the results of Shebel 
et al, wherein washout values were nearly identical 
for OC and CC-RCC. 

Diagnostic methods should also aim to limit 
morbidity of treatment in those who may harbor 
benign or less aggressive lesions.  With increased 
interest in active surveillance in renal masses, further 
measures of risk assessment are necessary.23,24  We 
would not recommend omission of renal mass 
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TABLE 3.  Statistical measures of performance for each histology when compared to all others; a) washout value 
of < 0 and ≥ 0, b) washout value of < 0.16 and ≥ 0.16. 

	 CC-RCC	 Pa-RCC	 Ch-RCC	 OC	 AML	
	 (n = 92)	 (n = 43)	 (n = 6)	 (n = 11)	 (n = 11)	
a) Washout < 0					   
     Sensitivity	 0%	 56%	 17%	 0%	 0%
     Specificity	 64.8%	 99.2%	 84.7%	 83.6%	 83.6%
     PPV	 0%	 96%	 4.0%	 0%	 0.0%
     NPV	 33.3%	 86.2%	 96.4%	 92%	 92.0%

Washout ≥ 0					   
     Sensitivity	 100%	 44%	 83%	 100%	 100%
     Specificity	 35.2%	 0.8%	 15.3%	 16.4%	 16.4%
     PPV	 66.7%	 13.8%	 3.6%	 8.0%	 8.0%
     NPV	 100.0%	 4.0%	 96.0%	 100.0%	 100.0%

b) Washout < 0.16					   
     Sensitivity	 0%	 77%	 17%	 0%	 0%
     Specificity	 52.1%	 99.2%	 79%	 77.6%	 77.6%
     PPV	 0%	 97.1%	 2.9%	 0%	 0.0%
     NPV	 28.7%	 92.2%	 96.1%	 91.5%	 91.5%

Washout ≥ 0.16					   
     Sensitivity	 100%	 23%	 83%	 100%	 100%
     Specificity	 47.9%	 0.8%	 21%	 22.4%	 22.4%
     PPV	 71.3%	 7.8%	 3.9%	 8.5%	 8.5%
     NPV	 100.0%	 2.9%	 97.1%	 100.0%	 100.0%
CC = clear cell; RCC = renal cell carcinoma; Pa = papillary; Ch = chromophobe; OC = oncocytoma; AML = angiomyolipoma; 
PPV = positive predictive value; NPV = negative predictive value
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biopsy in the setting of active surveillance, however 
application of contrast washout and enhancement 
patterns could aid in the setting of a non-diagnostic 
or equivocal biopsy, where for example, the finding 
of ‘oncocytic neoplasm,’ which may indicate OC or 
Ch-RCC, may be placed in the context of a washout 
value to aid in risk stratification.  Further studies with 
a larger cohort are necessary to confirm our findings 
with respect to difference between Ch-RCC and OC, 
yet our finding is tantalizing and warrants further 
investigation.

Incorporation of imaging features to differentiate 
renal mass histology has been an emerging area 
of interest in recent years.10-13,25,26  Limitations of 
utilizing raw enhancement as the primary predictor 
have been acknowledged, as enhancement may be 
significantly affected by intrinsic factors such as cardiac 
output which varies between individuals—although 
intrinsic factors may be adjusted for with additional 
measurements and mathematics, practices to correct 
for intrinsic factors are not widely utilized but may 
improve correlation of radiology to pathology.10,11  
Despite limitations, magnitude of enhancement has 
historically been the greatest predictor to differentiate 
between tumor types.11,17  Additionally, other features 
may prove informative; we found that heterogeneous 
enhancement was significantly more common in CC-
RCC compared to Pa- or non-CC-RCC.  This finding 
has previously been reported by Zhang et al in an 
analysis of 198 renal tumors, two separate image 
interpreters found heterogeneous enhancement in 
79% and 88% of CC-RCC.11  Vikram et al described 
differential enhancement of CC-RCC and Pa-RCC on 
CT imaging.  They noted that Pa-RCC enhances less 
than CC-RCC on all phases of imaging, and explain this 
effect as relative hypovascularity of Pa-RCC compared 
to CC-RCC.25  However, we note in our study that while 
CC-RCC tends to have more abrupt de-enhancement 
or washout of contrast, many Pa-RCC will continue to 
increase the enhancement through delayed images–
this is how a washout value < 0 is obtained, Figure 1.  
While Pa-RCC magnitude of enhancement may be less 
than CC-RCC, it is important to note the differences in 
the timing of maximal enhancement.  These findings 
where similarly reported by Shebel et al.17

Investigations of imaging for differentiation of 
renal masses are not limited to CT imaging.  Wang 
et al noted in a retrospective analysis of 85 tumors 
that diffusion-weighted magnetic resonance imaging 
(MRI) may have greater than 90% sensitivity and 
specificity for differentiation of CC-RCC and non-CC-
RCC.  The authors were unable to differentiate among 
other subtypes.12  A potential hindrance of diffusion 
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weighted MRI is substantial variability between 
institutions secondary to MRI systems used and the 
specific sequence parameters.12,27  Vargas et al recently 
reported a retrospective study analyzing utility of 
multiphasic contrast-enhanced MRI to differentiate 
between malignant and benign histologic subtypes 
in 152 renal cortical masses which had undergone 
surgical extirpation.  The authors utilized calculations 
of change in signal intensity between pre-contrast 
imaging and post-contrast phases.  Similar to our 
findings, they demonstrated that Pa-RCC and Ch-RCC 
demonstrated less enhancement (significantly lower 
%SI change (p < 0.0001-0.0120) than CC-RCC in all 
three post-contrast phases, while CC-RCC was not 
significantly different from OC at any post-contrast phase  
(p = 0.2081-0.6000).26  Many of these imaging modalities 
and techniques for interpreting images are promising, and 
we look forward to future validations and prospective 
investigations to compare effectiveness of different 
imaging modalities in differentiating renal masses.

One limitation of our study is the retrospective 
study design—as CT scan was not the only modality 
utilized to characterize renal cortical tumors at our 
institution; furthermore, not all patients who had CT 
scan for renal mass underwent surgical extirpation.  
Our analysis is limited to those patients with pre-
existing imaging and pathology, thus limiting 
our ability to test the true utility of these imaging 
parameters for diagnosis, as may be performed in a 
prospective consecutive manner.  Furthermore, this 
study was not limited to small renal masses—which 
present more of a diagnostic and clinical dilemma--
however the range in tumor size represents a more 
natural distribution at presentation, and consequently 
imaging characteristics that reflect tumor histology 
throughout its growth.  Also, patients must be able to 
receive intravenous contrast--this diverts application 
away from those with chronic kidney disease and who 
may theoretically benefit the most from individualized 
treatment plans.  In addition the duration of the 
time during which CT studies where performed in 
resulted heterogeneity in the techniques utilized for 
CT imaging.  To our knowledge, this is the second 
report primarily investigating contrast washout 
formula to differentiate between clear and non-CC-
RCC on CT.17  Although our findings are similar to 
the previous study, there were substantial differences 
in measured enhancement of Ch-RCC and OC, which 
would affect thresholds used for washout value to 
differentiate between masses.  Furthermore, while 
neither study supports the difference in OC and CC-
RCC washout recently reported by Bird et al,14 and all 
of these studies are limited by a small number of OC, 
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we nonetheless noted a difference in median washout 
between OC and Ch-RCC which may hold promise as 
an adjunct to indeterminate oncocytic neoplasm biopsy 
findings, and therefore warrants further investigation.  
Washout and enhancement analysis will likely undergo 
continued refinement as more data emerge and are 
applied towards developing a test with high accuracy 
for differentiation between renal tumors. 

Conclusion

Enhancement washout value < 0 on CT imaging is 
highly specific for Pa-RCC and non-CC-RCC.  CC-
RCC is essentially excluded for renal tumors that 
progressively enhance on all post-contrast phases.  
Washout value ≥ 0 is highly sensitive for CC-RCC, 
OC, and AML, while there was a significant difference 
in median washout between OC and Ch-RCC.  
Additional validation and prospective analysis is 
warranted to confirm these findings and develop 
washout thresholds with the highest accuracy prior 
to consideration of widespread application in clinical 
decision making.
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