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Abstract
Purpose  To study the value of ultrasound in the diagnosis of juxtaglomerular cell tumor (JGCT).

Methods  From January 2005 to July 2020, fifteen patients diagnosed as JGCT by surgical pathology in Peking Union 
Medical College Hospital were collected. All patients underwent preoperative ultrasound examination. The clinical, 
laboratory, ultrasound, computed tomography (CT), surgical, and pathological features of the patients were analyzed 
retrospectively.

Results  The 15 patients were 5 males and 10 females with a median age of 29 years (10∼72 years). 14 of them 
had hypertension and one had normal blood pressure. The tumors were all solitary, with a median diameter of 
1.5 cm (0.9–5.9 cm). Among the fifteen patients, eleven were correctly detected by preoperative ultrasound, and 
four were missed. There was a significant difference in tumor size (2.64 ± 1.48 cm vs. 1.23 ± 0.21 cm) and whether 
the tumor protruded outward (9/11 vs. 0/4) between the ultrasound-detected group and the ultrasound-missed 
group (p = 0.010, p = 0.011). Of the 11 tumors detected by ultrasound, four were extremely hypoechoic, two were 
hypoechoic, three were isoechoic, and two were hyperechoic. Color Doppler showed no blood flow in five tumors 
with the size range from 0.9 to 2.0 cm, and mild blood flow in six tumors with the size range from 2.8 to 5.9 cm.

Conclusions  JGCT is rare, and has characteristic clinical manifestations. Diagnosis should be suspected in case of 
secondary hypertension, particularly in young women, if no renal vascular cause was found. Ultrasound, combined 
with clinical manifestations, was helpful for the diagnosis.
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Introduction
JGCT is a rare and benign renal tumor that originate 
from the juxtaglomerular cells of the capillary adven-
titia in the juxtaglomerular complex. The tumor is also 
called reninoma because it can secrete renin [1, 2]. Since 
the first report of JGCT in 1967 [3], fewer than 200 cases 
have been reported in the literature [4]. It is more com-
mon in young females aged 20–39 years, with a male: 
female ratio of 1:2 [5]. Occasionally cases in children and 
elderly patients were reported [2, 6, 7]. Typical clinical 
manifestations are hypertension, high renin activity, sec-
ondary aldosteronism, and hypokalemia [8], but some 
patients may have atypical clinical manifestations. Sur-
gery is an effective treatment for JGCT [9–11].

Improvements in imaging techniques have led to a 
shorter interval between the occurrence of hypertension 
and the diagnosis of JGCT [12]. However, the diagnosis 
of JGCT remains challenging because it is rare, generally 
small, located in the renal cortex or subcortical regions, 
and may be missed or misdiagnosed [5]. Ultrasound 
could be helpful, however, the ultrasound manifesta-
tions of JGCT have not been fully studied. This study 
retrospectively summarized the clinical, laboratory, ultra-
sound and computed tomography (CT) characteristics of 
15 JGCT patients and reviewed the literature to study the 
value of ultrasound in the diagnosis of JGCT.

Methods
Patients
This study was approved by the institutional review 
board of our hospital. From January 2005 to July 2020, 
fifteen patients diagnosed as JGCT by surgical pathol-
ogy in Peking Union Medical College Hospital were col-
lected. The clinical, laboratory, ultrasound, CT, surgical, 
and pathological features of the patients were analyzed 
retrospectively.

Ultrasound examination
The ultrasound examination was performed by the 
PHLIPS HDI 5000, PHILIPS IU 22 machine (Philips 
Healthcare, Amsterdam, Netherland) and GE LOGIQ 
9 (GE Healthcare, Wauwatosa, WI), equipped with 
3.5–5  MHz probe, kidney presets. The grayscale and 
Color Doppler images of each patient were acquired and 
saved by radiologists with more than 5 years of experi-
ence in ultrasound examination. Image analysis was car-
ried out by two radiologists with more than 5 years of 
experience with no knowledge of any clinical informa-
tion. In case of disagreement between the two radiolo-
gists, the consensus was reached by discussion.

Image analysis included the location of the tumor 
(right/left kidney, cortex/cortex and medulla, protruded 
outward or not), size (the longest diameter), echo pattern 
(hypoechoic/isoechoic/ hyperechoic), shape (regular/

irregular), margin (clear/indistinct), capsule (existent/ 
inexistent), blood flow signal (no/mild/abundant). Com-
pared with the adjacent renal cortex, the echo pattern is 
divided into hypoechoic, isoechoic, and hyperechoic. The 
shape is classified as regular (round or lobulated), and 
irregular [13]. Clear margin meant that the tumor had 
a clear demarcation with the surrounding tissues. Oth-
erwise, the margin was defined as indistinct. The cap-
sule referred to the fibrous connective tissue membrane 
around the tumor, which appeared as a hyperechoic 
line on ultrasound. The blood flow was classified as no, 
mild (1–2 blood flows), and abundant (≥ 3 blood flows) 
according to Adler’s grading [14].

Surgery and histopathological examinations
Surgeries were performed after the completion of neces-
sary examinations. The location and size of the tumors 
were recorded during surgeries. Histopathological results 
were considered as the golden standard.

Literature review
The literature search was conducted in Pub Medline and 
Embase with the keyword string “juxtaglomerular cell 
tumor ultrasound”. The study inclusion criteria included 
the diagnosis of JGCT with ultrasound descriptions (at 
least size and echo). The exclusion criteria were review 
articles, irrelevant or duplicate papers, and papers with-
out full text available.

Statistical analysis
SPSS 20.0 software was used for statistical analysis. Sha-
piro-wilk test was used to determine the normality of 
the data. Independent-samples T test or Fisher’s exact 
test was used to compare the differences between the 
two groups. P-values < 0.05 were considered statistically 
significant.

Results
Baseline characteristics
The clinical, ultrasound, and CT manifestations of 15 
patients with JGCT were shown in Table  1. Among the 
15 patients, there were 5 males and 10 females with a 
median age of 29 years (min-max, 10–72 years). Eleven 
(73.3%, 11/15) patients had grade III hypertension, three 
(20.0%, 3/15) patients had grade II hypertension, and 
one (6.7%, 1/15) patient had normal blood pressure. Six 
patients had blurred vision, six had dizziness or head-
ache, and one had cerebral hemorrhage. The median 
interval from the diagnosis of hypertension to JGCT was 
27 months (min-max, 1 month-12 years). Serum potas-
sium was low in 10 patients (median 2.75 mmol/L, min-
max, 2.3–3.2 mmol/L), and normal in 5 patients. The 
renin activity test was conducted in nine patients, and 
the results all showed high activity (median 6.17 ng/ml/h, 
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min-max, 3.07–17.6 ng/ml/h). Plasma renin was tested 
in three patients, two of whom showed high levels (859 
µIU/ml, 583 pg/ml) and one normal. The aldosterone test 
was performed in eleven patients, yielding ten elevated 
results (median: 348.95 pg/ml, min-max, 164.7–967 pg/
ml) and one normal. Three patients were hospitalized for 
renal tumor surgery with no blood tests for reninoma, 
two of them had hypertension, and one had normal blood 
pressure. The serum potassium was normal in these three 
patients.

All 15 JGCTs were solitary tumors, including seven in 
the right kidney and eight in the left kidney. The median 
longest diameter of the tumors was 1.5  cm (min-max, 
0.9–5.9 cm).

Ultrasound manifestations
Among the 15 JGCTs, 11 were correctly detected by pre-
operative ultrasound, and 4 were missed.

Of the 11 tumors detected by ultrasound, the median 
longest diameter of the tumors was 2.8  cm (min-max, 
0.9–5.9  cm). Nine protruded outward, one protruded 
toward the collecting system, and one was completely in 
the renal cortex with no protrusion. Four were extremely 
hypoechoic (Fig.  1), two were hypoechoic, three were 
isoechoic (Fig.  2), and two were hyperechoic. The mor-
phology was regular in ten cases and irregular in one 
case. The margin was clear in eight cases and indistinct 
in three cases. Ultrasound showed a capsule in two cases 
and no capsule in nine cases. Color Doppler showed no 
blood flow in five tumors with the size range from 0.9 to 
2.0 cm, and mild blood flow in six tumors with the size 
range from 2.8 to 5.9 cm. The preoperative diagnosis was 
one reninoma, one renal cell carcinoma, and nine unde-
termined tumors.

Of the 4 tumors missed by ultrasound, the longest 
diameter was 1.0 cm, 1.2 cm, 1.5 cm, and 1.2 cm respec-
tively. All of them located in the renal cortex with no pro-
trusion outward.

There was a significant difference in tumor size 
(2.64 ± 1.48  cm vs. 1.23 ± 0.21  cm, Independent-samples 
T test, p = 0.010) between the ultrasound-detected group 
and ultrasound-missed group. There was also a signifi-
cant difference in whether the tumor protruded outward 
(9/11 vs. 0/4, Fisher’s exact test, p = 0.011) between the 
two groups (Table 2).

CT manifestations
Of the 11 tumors detected by ultrasound, non-contrast 
enhanced CT showed five low density, three isodensity, 
one slightly high density and two mixed density. Dynamic 
contrast-enhanced CT showed nine mild enhancement, 
and two moderate enhancement in parenchymal phase. 
The preoperative CT diagnosis was three reninoma, one 
renal cell carcinoma, and seven undetermined tumors.N
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Of the 4 lesions missed by ultrasound, two tumors 
located in the cortex, with the size of 1.0 and 1.2  cm 
respectively, showed similar density with the cortex on 
non-contrast enhanced CT and mild enhancement dur-
ing parenchymal phase on contrast enhanced CT. One 
tumor located in the cortex with the size of 1.2  cm, 
showed slightly high density on non-contrast enhanced 
CT and mild enhancement during parenchymal phase 
on contrast enhanced CT. One tumor located in the cor-
tex and medulla, with the size of 1.5 cm, showed slightly 
high density on non-contrast enhanced CT and moder-
ate enhancement during parenchymal phase on contrast 
enhanced CT. The preoperative CT diagnosis was three 
reninoma, and one renal cell carcinoma.

Surgery and follow-up
All 15 patients underwent partial nephrectomy. Two 
of them underwent intraoperative ultrasound localiza-
tion, which successfully guided the laparoscopic partial 
nephrectomy. The blood pressure returned to normal in 
13 patients after operation. No tumor relapse was found 

in any of the 15 patients during the follow-up of 6 months 
to 15 years.

Literature review
Eighty-five papers (65 papers in PubMed and 20 papers 
in Embase) were retrieved. A total of 25 patients in 13 
papers met the inclusion criteria including 17 females 
and 8 males with a median age of 24 years (11–57 years) 
[4, 11, 15–25]. All tumors were solitary, with a median 
size of 3.3 cm (0.6–6.5 cm). Two JGCTs were extremely 
hypoechoic, 12 were hypoechoic, 1 were isoechoic, 10 
were hyperechoic.

Discussion
JGCT is a rare renal tumor. Haab et al. reported eight 
cases of JGCT among 30,000 hypertensive patients in a 
15-year period [26]. The tumor is usually solitary, small 
in size (< 3 cm, rarely > 4 cm) [1, 5]. Surgery is an effective 
treatment. To our knowledge, this is the largest report 
describing the clinical, laboratory, ultrasound and CT 
manifestations of JGCT, providing detailed descriptions 
of the ultrasound characteristics of 15 cases.

In our series, JGCT showed extremely hypoechoic, 
hypoechoic, isoechoic or hyperechoic, with no or mild 
blood flow, as described previously [4–8, 10, 11, 19, 
20, 22, 23, 25–29]. Hypoechoic, especially extremely 
hypoechoic, may be explained by the closely packed cel-
lular, highly organized, and compact architectural orga-
nization, as seen in other endocrine tumors. Extremely 
hypoechoic might be the characteristics, however, the 
data remained insufficient and further study is needed. 
The tumor showed no or mild blood flow might be 
related to the vasoconstriction caused by renin and 

Table 2  Comparison of whether the tumor protruded outward 
between the ultrasound-detected group and ultrasound-missed 
group

Protrusion outward or not
Ultrasound Protrusion No Protrusion Total
Detected 9 2 11
Missed 0 4 4
Total 9 6 15

Fig. 2  A JGCT lesion in the left kidney. (a) Grayscale ultrasound showed isoechoic lesion (arrow), 4.0 × 3.4 × 3.1 cm, with regular morphology and clear 
boundary. (b) Color Doppler ultrasound showed mild blood flow. (c) Morphologic features on hematoxylin-eosin stain. The diagnosis of JGCT was con-
firmed by the postoperative pathology

 

Fig. 1  A JGCT lesion in the right kidney. Ultrasound showed extremely 
hypoechoic lesion (arrow), 1.2 × 1.0 × 0.8 cm,with regular morphology and 
clear boundary
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the decreased blood flow caused by the proliferation of 
intima and middle layer of tumor arterioles [29]. Patho-
logically, JGCT generally has fibrous capsule [11, 22, 
28], however we observed capsule in only two patients, 
which might be due to the thin capsule hardly detected 
by ultrasound.

The ultrasound diagnosis of JGCT is still challenging. 
In our study, four tumors, with small size (1.0∼1.5  cm) 
and located completely in the cortex with no protru-
sion, were missed by ultrasound. Two of them showed 
similar density with the cortex and were missed on the 
non-contrast enhanced CT. Because ultrasound and 
non-enhanced CT can fail, contrast enhanced CT should 
be performed when a JGCT is suspected. The contrast 
enhanced CT was positive in all of the 15 JGCTs in our 
study, as well as in the cases reported [5, 26, 30–32]. 
Taken together, contrast enhanced CT should be consid-
ered in all cases of JGCT. Contrast enhanced ultrasound 
might be helpful [4, 25]. Li et al. reported two cases of 
JGCT, invisible by previous conventional ultrasound, 
found by contrast enhanced ultrasound. They were com-
plete endophytic, and showed hypoenhancement, slow 
wash in and slow wash out. One was 1.0 × 1.0 × 0.7  cm, 
the other was 3.0 × 2.0 × 1.0 cm [25]. The small sample size 
precluded a firm recommendation of contrast enhanced 
ultrasound for JGCT diagnosis. JGCT may have spe-
cific features in enhanced ultrasound, which needs to be 
confirmed by future studies. However, the application 
of enhanced ultrasound needs to be based on the two-
dimensional ultrasound localization of the lesion. There-
fore, enhanced ultrasound may not be helpful in reducing 
ultrasound misdiagnosis of JGCT cell tumors, which 
requires other solutions.

The limitation of our study was the small number of 
cases and techniques such as contrast enhanced ultra-
sound was not applied. Most of the studies were case 
reports, so we did not conduct a meta-analysis. A mul-
ticenter study and more in-depth prospective studies 
should be conducted in the future to provide a more 
comprehensive information of this rare tumor.

Conclusions
JGCT is rare, and has characteristic clinical manifesta-
tions. Diagnosis should be suspected in case of secondary 
hypertension, particularly in young women, if no renal 
vascular cause is found. Ultrasound, combined with clini-
cal manifestations, was helpful for the diagnosis.
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