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Abstract

BACKGROUND

Juxtaglomerular cell tumor of the kidney (JGCT), also known as reninoma, is a rare
renal tumor that typically clinically manifests as hypertension, hypokalemia, high renin,
and high aldosterone. It is a cause of secondary hypertension. Pregnancy with JGCT is
rarer and easily misdiagnosed as pregnancy-induced hypertension, thus affecting

treatment.

CASE SUMMARY

A 28-year-old woman presented in early pregnancy with hypertension, blood pressure
of 229/159 mmHg, nausea, and occasional dizziness and headache. The patient was
diagnosed with pregnancy-induced hypertension, and no relief was found after
symptomatic treatment; hence, the pregnancy was terminated by artificial abortion. Her
blood pressure remained high following termination of pregnancy. Blood tests
suggested hypokalemia (2.997 mmol/L), blood aldosterone measured 613 ng/L, and
computed tomography urography showed a tumor in the right kidney. Therefore,
laparoscopic partial nephrectomy was performed. Post-surgery, the patient’s blood
pressure returned to normal, and blood potassium, aldosterone, and renin normalized.
Postoperative pathological examination revealed JGCT. After long-term follow-up, the
patient became pregnant again six months after surgery. No hypertension occurred

during pregnancy, and the patient delivered a healthy female neonate.

CONCLUSION
Patients with pregnancy complicated by JGCT are difficult to diagnose. Herein, we

advise surgeons on proper handling of such situations.
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Core Tip: Juxtaglomerular cell tumor (JGCT) is a rare endocrine tumor of the kidney.
Typical JGCTs are characterized by high serum renin, high aldosterone secretion, severe
hypertension, and severe hypokalemia, known as the “three high and one low”
phenomenon. The mainstream treatment is surgery. We report an even rarer case of
pregnancy complicated with JGCT, who was misdiagnosed with pregnancy-induced
hypertension in primary hospital, and the pregnancy was terminated artificially due to
poor response to conservative treatment effect. The patient was admitted to our hospital
for further treatment because her blood pressure remained high after termination of
pregnancy and she was diagnosed with JGCT. patient recovered well after surgery
to remove the tumor. In this article, the case was analyzed retrospectively in the context
of the literature in an attempt to explore the diagnosis, treatment, and prognosis of this

rare disease.

INTRODUCTION B
2
+ADw-html+AD4APA-p+AD4-Juxtaglomerular cell tumor (JGCT) is a very rare renin-

secreting tumor of the kidney. The tumor is typically found in young adults, with a
peak incidence in the second and third decades of life. It was first reported by
Robertson in 1967, who first described it as a special type of juxtamedullary
angiomyocytoma. Subsequently, Kihara reported a second case, calling it the Robertson
Kihara syndrome.l,2 At present, approximately only 100 JGCT cases have been
reported worldwide, among which pregnancy complicated by JGCT is even rarer.3
JGCT can independently secrete large amounts of renin, resulting in excessive secretion
of angiotensin and aldosterone, causing patients to have severe hypertension and
hypokalemia that produce a series of symptoms, including headache, dizziness, blurred
vision, hypertension-induced nausea and vomiting, and muscle weakness, edema, and

arrhythmia caused by hypokalemia. Severe target organ damage and cardiovascular




disease occur in a aort period of time. The severity of these symptoms is independent
of tumor size.4,5 Expression of renin and intracytoplasmatic rhomboid crystals_or
granules on electron microscopic images are diagnostic features of JGCT. The
immunohistochemical profile of JGCT has been recently reported as immunoreactive
for vimentin, focally immunoreactive for smooth muscle actin, and negative for
cytokeratin. CD34 and CD117 immunoreactivity have been reported as helpful markers
of JGCT.2,6+ADw-br /+AD4-JGCT may be associated with hypertension, which may
lead to misdiagnosis with pregnancy-induced hypertension in patients with JGCT
during pregnancy, thus affecting treatment.7 In this article, the clinical data and
imaging findings of a patient with pregnancy complicated by JGCT were analyzed
retrospectively in the context of the literature in an attempt to explore the diagnosis,

treatment, and prognosis of this rare disease.+ ADw-/p+AD4APA- /html+AD4-

CASE PRESENTATION

Chief complaints
A 28-year-old pregnant woman was first admitted to Department of Obstetrics of other
hospital with vaginal bleeding and high blood pressure for two days at seven weeks of

gestation.

History of present illness

One month previously, the patient presented with vaginal bleeding and high blood
pressure of 229/159 mmHg at seven weeks of gestation, with nausea, occasionally
accompanied by dizziness and a headache. The primary diagnosis from other primary
hospital was threatened abortion from pregnancy-induced hypertension.
Antihypertensive therapy performed after admission was not beneficial; thus, the
pregnancy was terminated by artificial abortion. However, blood pressure remained
high (151/110 mmHg). For further treatment, the patient was admitted to the
Department of Cardiology of our hospital. During hospitalization in the Cardiology

Department, adrenal-enhanced computed tomography (CT) examination was




performed to identify the cause of hypertension. CT examination revealed no adrenal
abnormalities, but a tumor of the right kidngy was detected, and the patient was

referred to our Urology Department for further treatment.

History of past illness
The patient had no history of hypertension, diabetes, cardiovascular or cerebrovascular
diseases, and also no history of surgery. The patient had no history of viral or bacterial

infection of the urinary system.

Personal and family history

The patient was marriageable, had normal menstruation in the past_had no history of
pregnancy or abortion, and no smoking and drinking habits. Her gmily history was
ordinary, and there was no history gf genetic heritability of cancer. The patient had no

history of viral or bacterial infection of the urinary system.

Physical examination

No tenderness in the bilateral kidneys, ureters, or bladder was observed on
examination. Furthermore, no obvious abnormality was found upon gynecological
physical examination, and there was no vaginal bleeding when the patient was

transferred to our department.

Laboratory examinations

Laboratory studies showed a blood aldosterone level of 121 ng/L (Decubitus reference
value, 30-236) and 613 ng/L (Orthostatic reference value, 30-353), respectively; and the
blood renin level was 352.2 mIU/L (Decubitus reference value, 2.8-39.9) and 487.9
mlIU/L  (Orthostatic reference value, 4.4-46.1), respectively. Meanwhile, serum
potassium level was 2.97 mmol/L (reference value, 3.5-5.5). Levels of other hormones,
such as adrenaline, dopamine, norepinephrine, and cortisol were normal. Urine cell

analysis and urine culture for bacteria was negative. There were no obvious




abnormalities in routine blood tests, coagulation function, hepatitis B, AIDS, syphilis,

liver and kidney function, or other blood biochemical tests.

Imaging examinations

Contrast-enhanced ultrasound of the kidney showed a medium echogenic mass with
low enhancement of slow entry and fast exit (Figure 1a). Both computed tomography
urography (CTU) and magnetic resonance imaging (MRI) showed a right upper pole
renal mass approximately 3.5 cm x 3 cm % 2.5 cm (endogenic type) in size, without
significant abnormalities in the bilateral adrenal glands (Figure 1b, 1c).

FINAL DIAGNOSIS

The final diagnosis of the presented case was juxtaglomerular cell tumor of kidney

(JGCT).

TREATMENT

+ADw-html+AD4APA-p+AD4-Considering possible malignancy, tumor size and
location, experience of the chief surgeon, and will of family members,
retroperitoneoscopic partial nephrectomy of the right kidney was performed. During
surgery, laparoscopic ultrasound was used to accurately locate the tumor, which was
successfully resected (Figure 2). Both frozen pathological examination and
postoperative pathological analyses of the surgical specimen reported JGCT, and
immunohistochemistry highlighted the following: CD34(+-), vimentin(+-), CK117(-), Ki-
67 (+ACY-1t+ADs-5+ACU- positivity) (Figure 3).+ADw-/p+AD4APA-/html+AD4-

UTCOME AND FOLLOW-UP

e patient was discharged on the seventh day after surgery. One month post-surgery,
the patient’s blood pressure decreased to normal without dizziness, headache, nausea,
vomiting, or other discomfort. Blood potassium, aldosterone, and renin levels

normalized after re-examination. Four months post-surgery, contrasted-enhanced CT




scan revealed no tumor recurrence.
After long-term follow-up, the patient became pregnant again six months after surgery;
no hypertension occurred during the pregnancy. Eventually, the patient delivered a

healthy female neonate.

EISCUSSION

JGCT, also known as reninoma, is a rare endocrine tumor of the kidney, which causes
secondary hypertension. Current studies suggest that JGCT may be associated with an
increased number of chromosome 10 and deletion of chromosome 9, X, and the long
arm of chromosome 11.8 Wong ¢t al statistically analyzed 89 JGCT cases, and the results
showed that these tumors were more common in the 20-30 year age group, with an
average age of 27 years, and most occurred in females, with a male-to-female ratio of
approximately 1:2.9 Dong et all0 proposed to divide JGCTs into three categories
according to the blood pressure and blood potassium status of the patient: the first
category is typical JGCTs, where patients have symptoms of hypertension and
hypokalemia; the second type is atypical JGCTs, where patients have one of the two
symptoms; the third type is nonfunctional JGCTs, which is confirmed by postoperative
pathology despite the absence of both symptoms. Typical renin tumors are the most
common type, characterized by high serum renin, high aldosterone secretion, severe
hypertension, and severe hypokalemia; this in known as the “three high and one low”
phenomenon. Excess renin secreted by JGCT activates the renin-angiotensin-
aldosterone system (RAAS), resulting in abnormal increase of angiotensin II and
aldosterone, constriction of peripheral blood vessels, and promotion of water and
sodium retention; which often leads to uncontrolled hypertension, accompanied by
dizziness, headache, nausea and vomiting, blurred vision, and even fundal hemorrhage,
proteinuria, and other manifestations of hypertensive target organ dysfunction. JGCT-
induced hypertension often requires the combined use of multiple antihypertensive
drugs, mainly angiotensin converting enzyme inhibitors, to effectively control blood

pressure.11 In addition, a secondary increase in aldosterone boosts urinary potassium




excretion by promoting exchange of sodium and potassium in the collecting duct of the
main cells, leading to hypokalemia, which may lead to limb weakness and other
corresponding symptoms.12 A 24-hour urine potassium test is helpful in detecting
secondary aldosteronism during the course of the disease.
Consistent with previous observations reported in the literature, our patient was a 28-
year-old female who presented with recurrent hypertension and hypokalemia before
surgery —a typical case of JGCT. In our case, preoperative antihypertensive therapy was
ineffective, and there was accompanying dizziness, headache, and nausea, with
hypokalemia, which was consistent with descriptions in literature. It should be noted
that although the patient’s 24-hour urine potassium level was within the normal range,
abnormal potassium excretion was still present because the patient had been in a low
potassium state, under which urinary potassium excretion was reduced, suggesting a
secondary increase in aldosterone.
The diagnosis of JGCT should be combined with clinical manifestations, laboratory
examination, and imaging examination, such as ultrasonography, CT, and MRI. Serum
electrolyte, renin, and aldosterone levels should be tested in cases of suspected JGCT.
Patients with typical JGCT present with hypokalemia, high renin, and high aldosterone,
with a normal aldosterone-renin ratio (ARR), which can be distinguished from primary
aldosteronism (high aldosterone levels, normal or elevated renin levels, and increased
ARR) because renin secretion is inhibited by abnormally high aldosterone levels.13
RAAS inhibitors should be avoided as far as possible before detection, because they
may affect the secretion of renin, aldosterone, and other hormones, thus covering up the
disease. Comparison of renin activity in bilateral renal venous blood by selective or
segmental renal venous blood sampling may be helpful in diagnosing JGCT; however,
it is not recommended clinically due to its high false-negative rate. Previous studies
have shown that the positive rate of this test was about 62.5%; meanwhile, in a study of
14 cases of JGCTs in China, it was only 21.4%.14 Our case did not use RAAS inhibitors
before the test, and blood test showed hypokalemia, hyperreninemia, and elevated

aldosterone; ARR was normal, which was consistent with literature reports.




Considering the low positive rate of bilateral renin activity compared to renal venous
blood sampling, this test was not performed.
In ultrasonography images, JGCTs mostly present as round masses with low or slightly
high echogenicity; however, due to their rarity and typically small volume, they are
easily undiagnosed and misdiagnosed on ultrasonography.15 On a plain CT scan, low
to iso-dense circular masses with capsules were mostly found, most of which were
located inside the renal parenchyma. Enhanced CT showed no significant enhancement
of tumor in the early stage; however, mild to moderate enhancement in delayed stage or
portal vein stage was seen. MRI images are characterized by low to equal signal
intensity in TIW1 and high signal intensity in T2ZW2. At present, many experts believe
that MRI may lead to misdiagnosis. Compared to MRI, CT scan is more sensitive for
JGCT and has more diagnostic value.16 However, small JGCTs are sometimes left
undiagnosed by CT. Faucon et al compared CT and MRI images of 10 patients with
JGCTs and suggested that MRI examination should be performed for patients with
suspected JGCTs if no abnormality was found on CT  scanl7
Definitive diagnosis of JGCTs required pathological examination. Microscopically, the
tumor tissue showed closely arranged round or polygonal cells, which were rich in
small blood vessels. The tumor cells were mostly of the same size and might have focal
low-to-moderate atypia. Immunohistochemistry showed that tumor cells were positive
for CD34 and vimentin, and CD117 was positive in some cases.18
Immunohistochemical results of this case were positive for CD34 and vimentin, and
negative for CD117, which was consistent with literature reports.
Pregnancy complicated by reninoma is rarely reported, and patients are often
misdiagnosed as eclamptic or preeclamptic. Mismanagement often leads to premature
delivery, abortion, or stillbirth.19 In the case reported by Professor Ohashi,
undiagnosed JGCT caused uncontrolled hypertension. The patient had been diagnosed
with pre-eclampsia before termination of pregnancy, and pregnancy was terminated at
25 wk due to congestive heart failure and acute kidney injury. Further examination after

termination of pregnancy revealed a tumor in the left kidney, which was confirmed as




JGCT on pathological examination after surgical resection.2(
Regarding the relationship between pregnancy and renin tumor development, studies
have reported that the regulation of immune status that occurs during pregnancy
makes pregnant women vulnerable to pathogenic infections, including those caused by
carcinogenic viruses.21,22 For example, oncogenic polyomavirus BK can promote the
proliferation, invasion, and migration of bladder cancer in immunocompromised
patients.23,24 Regarding Merkel cell polyomavirus, whose DNA sequences have been
detected in blood samples from immunocompetent and immunosuppressed patients
with kidney disease, pregnant females have been reported to present a decrease in
antibody response to this virus.25,26 Therefore, whether pregnancy complicated by
reninoma is associated with viral or bacterial infections is also an aspect to be
considered. However, in this case, the pregnant woman had no history of viral or
bacterial infection of the urinary system, so we do not believe that the patient’s JGCT
was related to viral or bacterial infection.
RAAS inhibitors are helpful in relieving hypertension and hypokalemia caused by
JGCT, and it has been reported that aliskiren can effectively improve hypertension and
hypokalemia in patients before surgery.16 When the diagnosis of JGCT is confirmed,
surgery is the preferred treatment. Previous studies have shown that the average size of
JGCTs is approximately 3 cm, and partial nephrectomy can be considered for most
small JGCTs to protect renal function as much as possible.16 Currently, with the
advances in laparoscopic technology, laparoscopic partial peritoneal nephrectomy or
retroperitoneal partial nephrectomy has been gradually promoted, and studies have
shown that the latter has the advantages of lower risk, shorter operation time, faster
postoperative recovery, and relatively easy learning compared to the former; the latter
is fast becoming the conventional surgical choice,14 and Da Vinci robot-assisted
laparoscopic partial nephrectomy is certain to be more advantageous.27 According to
literature reviews, most JGCTs are endogenous, which may be related to their origin
from paraveral cells. In our case, the retroperitoneal approach was adopted. Since the

tumor was endogenous, intraoperative ultrasound was used to locate the tumor, which




greatly accelerated the surgical progress. JGCTs are mostly benign tumors, and blood
pressure and potassium of patients can return to normalcy after resection, with good
prognosis; however, a few malignant cases have been reported. In a case reported by
Professor Altaf H from India, An 8-year-old boy was admitted to the hospital in
emergency due to intractable hypertension (blood pressure 210/140 mmHg).
Examination revealed an 8 x 8 cm mass in the left hilum of the kidney, and pathology
after total nephrectomy suggested JGCT. Close follow-up and review after surgery
revealed that the patient developed hypertension again a year later, and CT
examination revealed a mass about 5 x 4 ¢cm in the left renal fossa. Blood pressure
returned to normal after another surgical excision. The overall features of the recurrent
tumor were suggestive of a malignant form of JGCT and invasive.28 Therefore, patients
with JGCTs should be followed up for as long as possible to monitor for tumor

recurrence.

CONCLUSION

In the present case, the pregnant woman was initially misdiagnosed with pregnancy-
induced hypertension by other hospitals. As the pregnancy was at an early stage, she
opted for induced abortion. Reasons for misdiagnosis were as follows: the patient could
not undergo CT because of the pregnancy and doctors in other hospitals did not
routinely perform Doppler ultrasound examination of the urinary system. However, the
patient’s hypertension did not resolve after abortion, which necessitated further CT
examination that found the renal tumor. This case reminds us that if refractory
hypertension is present during pregnancy, JGCT should be considered, and
ultrasonography of the kidney and adrenal gland, MRI scan, or other endocrine
hormone examinations need to be completed for further diagnosis. In addition,
although most cases of JGCT present as benign tumors of the kidney and are treated
with partial nephrectomy or nephrectomy, there are isolated cases of malignant
infiltration, and JGCT may also co-exist with other forms of cancer, such as leukemia

and breast cancer. The mediating role in JGCT may provide a mediating role in these




other forms of cancer, for example by regulating renin overexpression.29 Therefore, we

should further encourage the study of JGCT related pathological systems.
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