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ABSTRACT

Objective: To retrospectively determine whether magnetic resonance imaging (MRI) 
findings can help differentiate a juxtaglomerular cell tumor (JCT) from clear cell renal cell 
carcinoma (ccRCC). Materials and Methods: Eight patients with JCTs and 24 patients 
with pathologically proven ccRCC were included for image analysis. All patients underwent 
unenhanced MRI and dynamic contrast‑enhanced MRI. Fat‑suppressed T2‑weighted 
imaging (T2WI), diffusion‑weighted imaging (DWI), in‑ and opposed‑phase imaging, 
and fat‑suppressed preliver acquisitions with volume acceleration sequences were 
performed before enhancement. After the administration of contrast, dynamic imaging 
was performed in the corticomedullary, nephrographic, and excretory phases. Student’s 
t‑test, t′‑test, Chi‑square test, and nonparametric Kruskal–Wallis H‑test were used to 
determine the significance of the difference between the two groups. The sensitivity and 
specificity of the MRI findings were calculated. Results: In patients with a JCT, a cystic 
part of the lesion of <10%, isointensity or mild hyperintensity on T2WI, heterogeneous 
hyperintensity on DWI, less signal drop (<10%) in in‑ and opposed‑phase imaging, and 
a degree of enhancement <200% in the corticomedullary phase showed statistically 
significant differences compared with those of ccRCC (P < 0.05). After combining a lower 
apparent diffusion coefficient (ADC) value (heterogeneous hyperintensity) on DWI and a 
degree of enhancement <200% in the corticomedullary phase using a parallel test, the 
sensitivity and specificity were 90.9% and 91.7%, respectively. Conclusions: Isointensity 
or mild hyperintensity on T2WI, a lower ADC value (heterogeneous hyperintensity) 
on DWI, and a degree of enhancement <200% in the corticomedullary phase are 
the major MRI findings for JCTs, combined with relative clinical manifestations and 
excluding other renal masses. A main solid tumor, less signal drop (<10%) in in‑ and 
opposed‑phase imaging, and a less‑washout pattern of <10% in the delayed phase 
are secondary MRI findings for JCTs.
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INTRODUCTION

A juxtaglomerular cell tumor (JCT) of the kidney, also 
called reninoma, is a rare renal neoplasm first described by 
Robertson et al., in 1967.[1] A JCT may cause hypertension 
and hypokalemia and generally occurs in adolescents and 
young adults.[2] It may result in a cerebrovascular accident 
and even death.[3‑5] For this reason, early diagnosis and 
selective management are essential for adolescents and 
young adults. Although the clinical features of a JCT have 
been described in a few studies,[6‑8] it can be difficult to 
distinguish from other renal tumors because its clinical 
presentation and imaging findings are similar to those of 
renal cell carcinoma (RCC).[6,9]

The standard surgical technique of nephron‑sparing 
surgery for RCC involves excising an additional 1 cm 
margin of peritumor renal parenchyma to ensure a true 
negative margin and decrease the risk of local recurrence.[10] 
A benign renal tumor could avoid the excision of additional 
peritumor renal parenchyma. As a rare renal tumor, a 
JCT is often regarded as a malignant tumor in terms of 
treatment. Therefore, it is essential to differentially diagnose 
malignant and benign renal tumors in young patient with 
renal masses.

Our retrospective study of 8 cases is, to the best of our 
knowledge, the largest study reported in the literature 
about JCTs. The purpose of our study was to document the 
magnetic resonance imaging (MRI) findings of JCTs and to 
analyze whether MRI characteristics can help distinguish a 
JCT from ccRCC and become the basis of effective therapy.

MATERIALS AND METHODS

The procedures of this study were in accordance 
with the ethical standards of the World Medical 
Association (declaration of Helsinki). Our Institutional 
Review Board approved this retrospective study. All 
patients agreed to the use of their imaging studies for 
medical analysis.

Study design
A retrospective review of the pathology database from 
January 2010 to March 2015 was performed for patients 
who underwent surgery for a renal neoplasm at our 
institution. The study was conducted with two sets of 
patients. The first group included eight cases of JCT. The 
second was the control group, which included 24 cases 
of ccRCC randomized from 69 ccRCC patients with 
size‑matched tumors <5 cm.[11] As ccRCC accounts for 
70–80% of RCC cases,[12] it first needs to be distinguished 
from a JCT.

The 69 cases selected from 295 patients were randomized 
by patients’ serial number according to when each 
procedure was performed. Using SPSS v. 17.0 software 
(IBM Corp., Armonk, NY, USA), 24 randomized numbers were 
generated to populate the control group. Of the 8 JCT cases, 
7 were grade 3 hypertension, 2 had slight hypokalemia 
(3.01–3.5 mmol/l), and 3 had moderate hypokalemia 
(2.5–3.0 mmol/l). The other clinical information for the two 
groups is shown in Table 1.

All patients in this cohort study met certain inclusion 
criteria. First, all patients had undergone unenhanced 
and enhanced MRIs, and images had to be available in 
a standard digital imaging format. Second, the MRIs had 
to be performed on patients without adrenal diseases 
or renal artery stenoses. Third, the size of the ccRCC 
mass had to be <5 cm because the mean size of the JCTs 
was 4.6 cm.[11] Within this cohort of patients, 226 were 
excluded for the following reasons. First, patients were 
excluded if they had cystic ccRCC or a mass >5 cm, if the 
solid component of the lesion was too small to measure, 
or if they had another type of RCC. Second, patients were 
excluded if they had renovascular disease (renal artery 
stenosis), renal parenchymal disease (renal dysplasia, 
scarring, glomerulonephritis), or other renin‑secreting 
tumors (e.g. Wilms’ tumor).

Magnetic resonance imaging technique
MRI examinations were performed with 1.5‑ and 3.0‑T 
systems (TwinSpeed Signa Excite HD, GE Healthcare, 
Milwaukee, WI, USA). For the morphologic evaluation of 
the renal tumors, respiratory‑triggered transverse and 
coronal T2‑weighted (T2W) fast spin‑echo sequences were 
initially performed, followed by transverse T1W dual‑echo 
in‑ and opposed‑phase sequences. Diffusion‑weighted 
imaging  (DWI) was performed before the dynamic 
contrast‑enhanced (DCE)‑MRI with b values of 0 and 
800 s/mm2, and three‑dimensional (3D) fat‑saturated 
T1W DCE sequences were performed during suspended 
respiration. For the 3D DCE sequences, the section 
thickness was 5 mm and the interpolated section thickness 
was 1–1.5 mm. Gadopentetate dimeglumine (Consun, 
Guangzhou, China) was injected intravenously as a rapid 
bolus of 0.1–0.15 ml/kg at a rate of 2 ml/s with a power 

Table 1: The clinical information of a juxtaglomerular cell 
tumor and clear cell renal cell carcinoma
Qualitative variable Case group

JCT (n=8) ccRCC (n=24)
Gender (female/male) 4/4 7/17
The range of age (year) 14-30 29-80
Size (cm, mean±SD) 3.025±0.734 3.354±0.982
SD: Standard deviation, JCT: Juxtaglomerular cell tumor, ccRCC: Clear cell renal cell 
carcinoma
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injector (Spectris; Medrad, Warrendale, PA, USA), followed 
by a 20‑ml saline flush. DCE‑MRI was performed in the 
transverse plane at baseline (precontrast) and during the 
corticomedullary, nephrographic, and excretory phases. 
The scan delays were 20–22 s for the corticomedullary 
phase, 100–120 s for the nephrographic phase, and 240 s 
for the excretory phase.

Several MRI findings for JCTs and ccRCC were analyzed, 
including location; pseudocapsule; T2W image (T2WI); 
T1WI; DWI; solid and cystic parts of the tumor (the cystic 
part included necrosis and hemorrhage); signal intensity (SI) 
of in‑ and opposed‑phase images; corticomedullary, 
nephrographic, and excretory phases; and enhancement 
pattern.

Qualitative magnetic resonance image analysis
Before administration of the contrast agent, the location 
of tumor, the pseudocapsule, and the signals on T2WI 
and T1WI were analyzed independently by three 
radiologists (when the results differed between the first 
two, the third radiologist made a final decision) to assess the 
characteristics of the renal mass. The location of the tumor 
was indicated as pelvis parenchyma, intra‑parenchyma, 
or intra‑ and outer‑parenchyma. The pseudocapsule was 
shown by the entire or partial lower ring rather than 
by the cortex around the lesion on T2WI. On T2WI and 
T1WI, the signal of the tumor was divided into four or 
three groups: Lower intensity, iso or mild intensity, higher 
intensity than the SI of the renal parenchyma, and the 
heterogeneous signal. Necrosis and cystic degeneration 
showed a high SI on T2WI (although not as high as the SI 
of cerebrospinal fluid) and a low SI on T1WI and lacked 
enhancement. Hemorrhage, represented by nonenhanced 
areas, and sequelae of hemorrhage showed a high SI 
on T2WI that could not be suppressed on fat‑saturated 
sequences [Table 2].

Quantitative magnetic resonance image analysis
All data in this study were stored in a picture archive and 
communication system (PACS). The signal index in the renal 
lesions was measured by one radiologist. The apparent 
diffusion coefficient (ADC) value of every tumor was 
measured on DWI using a commercially available software 
workstation system (Advantage Workstation, version 4.2; 
GE Healthcare, Bue, France) [Table 3].

A region‑of‑interest (ROI) was placed in the center of the 
most enhanced solid part of the tumor and encompassed 
at least two‑thirds of its solid component. The area, 
location, and size of the ROI were the same in the in‑ and 
opposed‑phase images; the precontrast liver acquisitions 
with volume acceleration (LAVA); and the corticomedullary, 

nephrographic, and excretory phases. Care was taken to 
skirt the edge of the tumor near the interface with the 
adjacent perirenal fat to avoid a phase cancellation artifact.

Mean SI measurements were recorded in arbitrary units. The 
SI indexes were calculated as (tumor SIin − tumor SIopp)/SIin, 
where SIin represents the SI on the in‑phase images and 

Table 2: Univariate analysis of qualitative magnetic 
resonance imaging findings of a juxtaglomerular cell tumor 
and clear cell renal cell carcinoma
Qualitative variable Case group

JCT (n=8) ccRCC (n=24)

Reader 1 Reader 2 Reader 1 Reader 2
Location

Parenchyma and pelvis 1 1 5 5
Intra‑parenchyma 6 6 6 6
Intra‑ and out‑parenchyma 1 1 13 13

T2WI SI
Lower 1 1 0 0
Isointensity or mild higher 7 7 1 1
Higher 0 0 4 4
Heterogeneous 0 0 19 19

T1WI SI
Lower 1 1 3 3
Isointensity or mild 
hypointensity

6 6 19 19

Higher 1 1 2 2
Pseudocapsule

Positive 7 7 16 17
Negative 1 1 8 7

ccRCC: Clear cell renal cell carcinoma, DWI: Diffusion‑weighted imaging, 
JCT: Juxtaglomerular cell tumor, SI: Signal intensity, WI: Weighted imaging

Table 3: Univariate analysis of quantitative magnetic resonance 
imaging findings of a juxtaglomerular cell tumor and clear cell 
renal cell carcinoma
Quantitative variable Case group

JCT 
(n=8)

ccRCC 
(n=24)

Cystic degeneration and necrosis (%)
Slight (<10 section) 5 5
Slight moderate (11-30 section) 2 1
Moderate (31-50 section) 1 2
Severe (>51 section) 0 16

In‑ and opposed‑phase ‑ SI decreased (%)
<10 7 11
11-20 1 5
21-30 0 3
>31 0 5

Corticomedullary phase ‑ SI increased (%)
0-100 5 2
101-200 2 7
201-300 1 11
>301 0 4

Nephrographic phase ‑ SI increased (%)
0-100 2 1
101-200 2 6
201-300 4 12
>301 0 5

Excretory phase ‑ SI increased (%)
0-100 2 4
101-200 2 8
201-300 4 10
>301 0 2

ccRCC: Clear cell renal cell carcinoma, JCT: Juxtaglomerular cell tumor, SI: Signal intensity
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SIopp represents the SI on the opposed‑phase images; 
as (tumor SIcor − tumor SIpre)/SIpre, where SIcor represents 
the SI on the corticomedullary phase images and SIpre 
represents the SI on the precontrast LAVA images; as (tumor 
SIneph − tumor SIpre)/SIpre, where SIneph represents the SI on the 
nephrographic phase images; and as (tumor SIexc − tumor 
SIpre)/SIpre, where SIexc represents the SI on the excretory 
phase images.

To measure the scope of cystic degeneration or necrosis, 
a tool‑measuring area in the PACS was used to delineate 
the shape of the entire tumor and its cystic component. 
First, in the cross‑section imaging of maximum diameter 
on T2WI, the profile of the whole lesion was curved along 
the margin of the lesion or the cystic degeneration or 
necrosis component. The ratio was then calculated as tumor 
Scys: Tumor Sent, where Scys represents the area of the cystic 
proportion of the tumor and Sent represents the area of the 
entire tumor [Table 2].

Pathologic analysis
To confirm the diagnosis of either a JCT or ccRCC in 
all patients, pathologic specimens were reviewed 
retrospectively by a pathologist according to the World 
Health Organization 2004 pathologic diagnostic criteria.[13] 
Immunohistochemical studies were performed, and the 
cytoplasms of the tumor cells expressed renin. Abundant 
endoplasmic rhomboid crystalline renin granules were 
found ultrastructurally.

Statistical analysis
For the normal distribution data, Student’s t‑test was used. 
For the nonnormal distribution data, the t′‑test was used. 
To analyze the relationships among the quantitative data, 
they were transformed into grade data. The nonparametric 
Kruskal–Wallis H‑test or the Chi‑square test was used to 
compare the differences between the two groups.

For qualitative data, κ values were calculated to assess 
interreader agreement for the following qualitative 
variables: 0 = no agreement; 0.01–0.20 = slight agreement; 
0.21–0.40  =  fair agreement; 0.41–0.60  =  moderate 
agreement; 0.61–0.80  =  substantial agreement; 
0.81–1.0 = almost perfect agreement. If the qualitative 
data fit for the normal distribution, the Chi‑square test 
was used. All analyses were performed with SPSS v. 19.0 
software (IBM Corp, Armonk, NY, USA) and CHISS software 
(http://www.chiss.cn). P < 0.05 was considered significant. 
The sensitivity, specificity, accuracy rate, and Youden’s 
index of MRI findings were calculated. The highest 
sensitivity or specificity of the MRI finding was chosen to 
conduct parallel and series tests.

RESULTS

Location, T2‑ and T1‑weighted images, solid and 
cystic proportions of a juxtaglomerular cell tumor
The κ values were calculated with the findings of location, 
T2WI, T1WI, and the solid and cystic proportions. All κ values 
were 1.

Most tumors in patients with JCT (6/8) were located in 
the intra‑parenchyma, 1 tumor protruded to the pelvis, 
and 1 markedly protruded out to the parenchyma. The 
difference in the number of tumors in the intra‑parenchyma 
and intra‑ and outer‑parenchyma for JCTs and ccRCC was 
statistically significant (P < 0.05).

Most patients with JCTs (5/8) showed solid tumors 
[Figure 1a and b]. Solid JCTs showed isointensity or 
mild hyperintensity on T2WI and isointensity or mild 
hypointensity on T1WI. Of the 8 patients with JCTs, 
3 showed solid and cystic tumors [Figure 2a and b]. The 
differences between the group with isointensity or mild 
hyperintensity and hyperintensity and the group with 
isointensity or mild hyperintensity and heterogeneous 
hyperintensity for JCTs and ccRCC were statistically 
significant on T2WI (P < 0.05 and 0.01), but not statistically 
significant (P > 0.05) on T1WI.

Solid tumors were more frequent in JCTs than in 
ccRCC (P = 0.0107). In addition, the cystic part of the tumor 
being <10% of the area was more likely in JCTs than in 
ccRCC (P < 0.05).

Figure 1: 28‑year‑old man with Grade 3 hypertension for 7 years with a solid 
tumor on the left kidney and the pathological diagnosis was juxtaglomerular cell 
tumor after surgery. (a) On T2‑weighted image, the lesion (short arrow) shows 
isointensity to mild hyperintensity with a low‑signal capsule (long arrow). (b) On 
diffusion‑weighted image, the lesion  (short arrow) indicates heterogeneous 
hyperintensity compared with the cortex signal and the low‑signal capsule 
(long arrow) does not indicate clearly. (c) On the corticomedullary phase image, 
the lesion (short arrow) shows mild enhancement. (d) On the nephrographic 
phase image, the lesion (short arrow) shows a mild persistent enhancement.

dc

ba
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Capsule or pseudocapsule
The capsule or pseudocapsule showed a slight circular 
hypointensity on T2WI [Figures 1a and 2a]. The κ values 
were calculated with these findings of the capsule or 
pseudocapsule. The κ value of the JCTs was 1 and the 
κ value of ccRCC was 0.9031. The difference between the 
sign of the pseudocapsule of ccRCC and the capsules of 
the JCTs was not statistically significant (P = 0.7893).

Diffusion‑weighted images
The ADC value for the JCTs was lower than for 
ccRCC (P < 0.0029). The receiver operator characteristic (ROC) 
curve illustrated that the optimal cut‑off value was 1.550 
and Youden’s index was 0.735. The area under the ROC 
curve (AUC) was 0.889 (95% CI: 0.000–1.000, Figure 3a).

In‑ and opposed‑phase imaging
In in‑ and opposed‑phase imaging, the signals of most 
JCTs (7/8) did not drop. As the amount of lipid in the tumor 
decreased, the probability of developing a JCT was higher 
than of developing ccRCC (P = 0.0011).

In accordance with the degree of signal drop, all cases could 
be divided into two groups of <10% and >11%. Using the 
Chi‑square test, the results showed that a patient with a 
lipid level of <10% in the tumor was more likely to develop 
a JCT than ccRCC (P = 0.0094).

Degree of enhancement in three phases
In the corticomedullary and nephrographic phases, the 
degree of enhancement of the JCTs was lower than that of 

ccRCC (P = 0.0010 and P = 0.0330, respectively) [Figure 4]. 
The ROC curve illustrated that the optimal cut‑off value was 
1.270 (times) in the corticomedullary phase and Youden’s 
index was 0.667. The AUC was 0.859 (95% CI: 0.674–1.000, 
Figure 3b).

Based on the degree of enhancement, all cases could be 
divided into two groups of <200% and >200%. Five of the 
8 cases of JCT showed a degree of enhancement <100% 
and only 1 enhancement was >200%. The degree of 
enhancement in the corticomedullary phase of <200% 
showed a greater probability of developing a JCT than 
ccRCC (P = 0.0269). The map in Figure 4a and b indicates 
the enhanced mean value and enhanced trend between 
JCTs and ccRCC [Figures 1c, d and 2c, d].

Based on the drop in enhancement for tumors in the 
excretory phase, we classified the enhanced pattern into 
two types: A “less‑washout” pattern of <10% (6/8:11/24) and 
a washout pattern of >11% (2/8:13/24). The less‑washout 
pattern had a greater probability of developing a JCT than 
ccRCC in the excretory phase (P = 0.0265).

The validity of magnetic resonance imaging 
findings for differentiating a juxtaglomerular cell 
tumor and clear cell renal cell carcinoma 
The validity of the isointensity or mild hyperintensity was 
highest on T2WI [Table 4]. After combining a lower ADC 
value on DWI and a degree of enhancement <200% in the 
corticomedullary phase using a parallel test, the sensitivity, 
specificity, accuracy rate, and Youden’s index were 90.9%, 
91.7%, 91.4%, and 0.826, respectively.

DISCUSSION

To date, approximately 110 cases of JCTs have been 
reported in the English literature.[2,7,14‑18] Studies with 
statistical evidence about MRI findings on JCTs are almost 
nonexistent beyond a few case reports.[10,19]

Our statistical results indicate that JCTs are more likely 
to be located in the intra‑parenchyma than in other 
areas. This may be related to the JCT originating from 
the modified smooth muscle cells that comprises the 
vascular component of the juxtaglomerular apparatus.[20,21] 
Juxtaglomerular cells are near the pelvis parenchyma.

On T2WI, we classified JCTs into two types. One is the main 
solid component of the lesion. Most of our JCT cases (5/8) 
showed this characteristic, which we called typical JCT. 
It shows the characteristic finding of isointensity to 
mild hyperintensity on T2WI. The whole lesions in the 
remaining three patients in our study contained <50% 

Figure 2: 23‑year‑old man with Grade 3 hypertension for 4 years with a solid 
and cystic tumor near the right renal pelvis and the pathological diagnosis was 
juxtaglomerular cell tumor after surgery. (a) On T2‑weighted image, the lesion 
shows heterogeneous hyperintensity without a low‑signal capsule, the solid part 
of the lesion (short arrow) shows heterogeneous hyperintensity, the cystic part 
of the lesion (long arrow) shows hyperintensity. (b) On diffusion‑weighted image, 
the solid part of the lesion (short arrow) indicates heterogeneous hyperintensity, 
the cystic part of the lesion (long arrow) shows iso to mild hyperintensity. (c) On 
the corticomedullary phase image, the solid part of the lesion indicates a mild 
enhancement (short arrow). (d) On the nephrographic phase image, the solid 
part of the lesion (short arrow) shows a slight persistent enhancement.

dc

ba



Kang, et al.: Imaging of a juxtaglomerular cell tumor

6 Journal of Clinical Imaging Science | Vol. 5 | Issue 4 | Oct‑Dec 2015 

cystic components, which we called atypical JCT. The solid 
components of the typical and atypical JCTs demonstrated 
similar SIs on T2WI. The SI of the cystic component indicated 
heterogeneous hyper‑ or hypo‑intensity depending on 
the stage of hemorrhage. A JCT may have a less cystic 
component because the growth speed and the degree of 
vascularization in JCTs are lower than in ccRCC. Isointensity 
to mild hyperintensity on T2WI and the more solid 

component of the tumor indicate a greater probability of 
a JCT.

As proven by pathology, a JCT is a well‑circumscribed and 
complete or partial fibrous capsule that can be observed in 
most cases.[20] A fibrous capsule and pseudocapsule always 
demonstrate a lower signal on T2WI. A pseudocapsule is 
a characteristic finding of RCC.[22,23] Our statistical results 

Table 4: The validity of magnetic resonance imaging findings for differentiation between juxtaglomerular cell tumor and clear cell 
renal cell carcinoma
Index test Validity

Sensitivity (%) Specificity (%) Youden’s index Accuracy rate (%)
Located in parenchyma or pelvis ① 87.5 54.2 0.417 62.5
Isointensity or mild hyperintensity on T2WI ② 87.5 95.8 0.833 93.8
Cystic degeneration and necrosis <0.1, ③ 20.8 37.5 −0.417 25.0
Lower ADC value ④ 91.7 91.7 0.834 87.5
In‑ and opposed‑phase SI decreased <0.1, ⑤ 87.5 54.2 0.417 62.5
Corticomedullary phase SI increased <1, ⑥ 62.5 91.7 0.542 84.4
Excretory phase SI increased <0.1, ⑦ 25.0 83.3 0.083 68.8
④+⑥ (parallel test) 90.9 91.7 0.826 91.4
④+⑥ (series test) 45.5 91.7 0.372 80.1
Parallel test: It means that the diagnostic result is positive when one of the diagnostic indexes is positive. The series test: It means that the diagnostic result is negative when one of the diagnostic 
indexes is negative, and the diagnostic result is positive when all of diagnostic indexes are positive. DWI: Diffusion‑weighted imaging, SI: Signal intensity, WI: Weighted imaging, ADC: Apparent 
diffusion coefficient

Figure 4: (a) The enhanced times in three phases between juxtaglomerular cell tumor and clear cell renal cell carcinoma. (b) The enhanced times of trend in three 
phases between juxtaglomerular cell tumor and clear cell renal cell carcinoma. Cor: Corticomedullary phase times, Neph: Nephrographic phase times, Exc: Excretory 
phase times.

ba

Figure 3: (a) The receiver operator characteristic curve of apparent diffusion coefficient. (b) Enhanced times in corticomedullary phase.
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indicate that the complete or partial fibrous capsule of a JCT 
and the pseudocapsule of ccRCC are not distinguishable 
on T2WI. This is the most important contributor to the 
misdiagnosis of JCTs as RCC.

Our statistical results demonstrate that the ADC value of a 
JCT is lower than that of ccRCC. This means that the signal 
on DWI with a JCT is higher than with ccRCC and shows 
heterogeneous hyperintensity. The signal for DWI depends 
on tissue organization, cellularity, integrity of the cell 
membranes, extracellular space tortuosity, and increased 
cellular density.[24] There are a few possible reasons why DWI 
shows a higher signal with a JCT than with ccRCC. The JCT 
tissue may have less internal necrosis, cystic degeneration, 
hemorrhage, and more cellular density than the ccRCC 
tissue because it is restricted to the molecular diffusion 
of water in the JCT tissues. Moreover, the cellularity and 
tissue organization might differ between JCTs and ccRCC.

Our statistical results indicate that the degree of signal drop 
for JCTs in in‑ and opposed‑phase imaging is less than for 
ccRCC because JCTs lack an intermingling adipose tissue 
component.[20] A smaller lipid component of the tumor 
indicates a greater probability of JCT compared with ccRCC.

The statistical results also indicate that most JCTs have 
less blood supply than ccRCCs. The renal angiographic 
findings also showed a hypovascular area or no abnormal 
vascularities.[3,21,25] The pathology of the JCTs, however, 
contained a prominent vasculature.[20] Our study and 
another report[2] showed a mild enhancement in most 
cases of JCT. This might indicate that the contrast agent 
could not enter the vessel or diffuse easily into the tumor, 
possibly because most of the tumor vessel’s function is 
abnormal (e.g. thick‑walled vessels and hyalinosis).[20] In 
the nephrographic phase, the degree of enhancement for 
JCTs was less than for ccRCC.

The statistical results demonstrate that no washout or a 
less‑washout pattern of <10% in JCTs is a characteristic 
finding in the delayed phase in most cases. The drop in the 
degree of enhancement was <10% in 6 of 8 patients in our 
study. Two of the 8 cases exhibited the washout pattern, 
with a drop in the degree of enhancement of >11%. The 
reason for this might be that the contrast agent does not 
easily wash out from the neoplasm to the veins of the kidney.

Youden’s indexes of isointensity or mild hyperintensity 
on T2WI and heterogeneous hyperintensity on DWI are 
higher than for other variables. The combination of a 
lower ADC value and a degree of enhancement <200% in 
the corticomedullary phase is one of the best diagnostic 
indexes for JCT.

Clinical presentation (age <30 years and Grade 2–3 
hypertension) and laboratory examination (moderate 
hypokalemia) have important reference values for the 
diagnosis of JCT. This study was limited by the partly 
observational imaging findings. In addition, because of 
length restrictions, our paper did not distinguish other 
types of RCC.

CONCLUSION

In case of a renal mass, isointensity or mild hyperintensity 
on T2WI, a lower ADC value (heterogeneous hyperintensity) 
on DWI, and a degree of enhancement <200% in the 
corticomedullary phase are major MRI findings for JCT when 
combined with relevant clinical history and the exclusion of 
other renal masses. The main solid component of the tumor 
with less signal drop (<10%) in in‑ and opposed‑phase 
imaging, and a less‑washout pattern of <10% in the delayed 
phase are secondary MRI findings for JCT.
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