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Juxtaglomerular cell tumor (JCT) is an endocrine tumor marked by elevated renin levels and high blood pressure. This case report presents the clinical findings of a 47-year-old woman with a history of recurrent hypokalemia, headaches, hypertension, and increased plasma renin activity (PRA). Dynamic enhanced magnetic resonance imaging (MRI) revealed a small nodule on the upper part of the right kidney. Selective renal venous sampling indicated a higher PRA only in the right upper pole renal vein. The patient underwent surgical removal of the right kidney mass, and the pathology results confirmed the diagnosis of JCT. This case underscores the importance of conducting selective renal venous sampling for accurate JCT diagnosis.
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Introduction

Juxtaglomerular cell tumors (JCTs) secrete the enzyme renin, leading to overstimulation of the renin–angiotensin–aldosterone system. JCT is a rare condition first described by Robertson et al. in 1967 (1), causing severe hypertension and hypokalemia. JCT has been documented in fewer than 200 cases and predominantly affects women (2:1) (2). The prevalence of JCT has been increasing, especially with advances in renal venous sampling, which aids in detecting small tumors. In this report, we present a case of JCT in a patient with nearly 20 years of resistant hypertension, diagnosed using selective renal venous sampling.





Case description

A 47-year-old woman with a family history of high blood pressure had been struggling with persistent resistant hypertension for nearly two decades without any diagnostic tests or treatment on September 20, 2021. Upon admission, her blood pressure was measured at 180/100 mmHg despite taking nifedipine (30 mg/day), irbesartan (150 mg/day), and atenolol (25 mg/day). She also experienced headaches and felt weak. A physical examination revealed no apparent abnormalities. Her potassium level was 2.8 mmol/L (within the normal range of 3.5–5.5 mmol/L), and all other standard biomarkers were within normal limits. Biochemical measurements of plasma renin activity (PRA), plasma aldosterone concentration (PAC), and angiotensin II were carried out with automated chemiluminescence immunoassays (Sinbe, Shenzhen, China). The endocrine tests indicated that PRA was 13.6 (normal range: 0.15–2.33 ng/mL/h), with repeat PRA measurements ranging from 10 to 27 ng/mL/h. Her PAC was 280 (within the normal range of 12–310 pg/mL), and her angiotensin II level was 210 (normal range: 25–245 pg/mL). Using 24-h ambulatory blood pressure monitoring, the results showed an average systolic and diastolic blood pressure of 184/117 mmHg. Notably, the non-contrast CT and MRI scans of the abdomen appeared normal, and Doppler ultrasonography ruled out renal artery stenosis. The patient was diagnosed with resistant hypertension, elevated PRA, and hypokalemia and was prescribed potassium chloride (KCl) supplementation (1.0 g, three times a day). Other endocrine tests, including dehydroepiandrosterone-sulfate, adrenocorticotropin, cortisol, thyroid-stimulating hormone, free triiodothyronine, free thyroxin, and catecholamines, all fell within normal ranges. Continuous infusion of urapidil maintained her blood pressure at 120–140/80–100 mmHg.

The non-enhanced CT scan of the abdomen appeared normal, but dynamic enhanced MRI revealed a small, irregular nodule measuring 0.6 cm in diameter on the upper part of the right kidney in the T2-weighted MRI, as shown in Figure 1A. The primary features of this case included resistant hypertension, elevated PRA, and hypokalemia. Pheochromocytoma, aortitis, and malignant hypertension were ruled out. Both the PRA and aldosterone levels did not exhibit significant suppression during the captopril challenge test (CCT; oral intake of 50 mg of captopril) and saline infusion test (SIT; infusion of 2 L of 0.9% saline between 8 A.M. and 12 A.M.). Based on these observations, we suspected that a JCT on the superior pole of the right kidney was the root cause of the hypertension. Subsequently, we conducted selective renal venous sampling to assess the level of direct renin secretion to confirm this suspicion. We performed selective angiography during the selective venous sampling, and the results indicated that the PRA level was 52.1 ng/mL/h in the right superior pole renal vein, 12.7 ng/mL/h in the right lower pole renal vein, 13.9 ng/mL/h in the left renal vein, and 11.5 ng/mL/h in the lower inferior vena cava (Figures 1B, C). These findings strongly suggested that the tumor in the superior pole of the right kidney directly released renin.




Figure 1 | (A) T2-weighted MRI showing a tumor with a high signal intensity (indicated by the yellow arrow) in the right superior pole of the renal vein. (B) Plasma renin activity values at various sampling points in the vasculature of the renal veins. (C) Upper branch of the right renal vein in angiography. (D) The tumor morphology was observed using hematoxylin–eosin staining under a light microscope (10 × 40).



A laparoscopic tumor resection partial nephrectomy was carried out. The specimen weighed nearly 700 mg, and the tumor measured 5 × 6 × 8 mm in size. A pathological analysis revealed that the tumor cells originated from the juxtaglomerular region (Figure 1D). Immunohistochemical staining showed that the tumor cells were positive for CD34 and SMA.

Following the surgery, the PRA level returned to a normal value of 0.63 ng/mL/h, the potassium levels reached 3.9 mmol/L without supplementation, and the headaches experienced were relieved. On the first day after the operation, the blood pressure was 110/60 mmHg without the use of antihypertensive drugs. By the 7th postoperative day, the blood pressure was 105/60 mmHg, the potassium levels were at 5.2 mmol/L, and the PRA level was 0.74 ng/mL/h, at which point the patient was discharged. At follow-up almost 2 years after the nephrectomy, the creatinine level was normal, urine microalbumin was negative, and the blood pressure was 120–140/70–90 mmHg with nifedipine (30 mg/day).





Discussion

Juxtaglomerular cell tumor originates from the smooth muscle cells of the afferent arteriole within the juxtaglomerular apparatus. These tumors are consistently benign neoplasms and secrete the enzyme renin, resulting in the hyperactivation of the renin–angiotensin–aldosterone system (3). Nevertheless, some non-renal malignant tumors, such as pancreatic cancer and ovarian cancer, can also secrete excessive renin (4, 5).

There have been fewer than 200 reported cases of JCT (2), and it exhibits a 2:1 preference for women, with a higher occurrence among adolescents and young adults. JCT can be categorized into three types, and they often manifest with both hypertension and hypokalemia. Only one atypical case has been identified where neither hypertension nor hypokalemia was present, but it was confirmed as nonfunctional JCT (6). Although resistant hypertension is the primary manifestation of JCT, the severity of hypertension varies among individuals and disease stages (7–9). Moreover, the degree of hypertension does not consistently correlate with the size of the tumor (10).

Both CT and MRI scans are useful to detect the presence of JCT (11). In this case, the tumor was not detected in a non-enhanced CT scan performed 20 years prior to the diagnosis. Two potential contributing factors make it challenging to detect JCT. Firstly, the small size of the tumor; the average diameter of JCT is reported to be 3 cm, whereas in this case, it was only 0.6 cm. Detecting tumors smaller than 0.5 cm in diameter on CT and/or MRI is a challenging task (12). Secondly, the tumor’s density appears isodense or hypodense in comparison to the renal medulla in non-enhanced CT scans. The dynamic enhanced CT and/or MRI scans differentiate JCT based on the contrast enhancement patterns in the imaging (13); however, the MRI has the characteristics of multi-directional and multi-sequence imaging, which has a higher resolution than CT (14).

Selective renal venous sampling helped locate the small JCT in this case and entirely ruled out other renal tumors seen on CT and MRI, such as angiomyolipoma or renal cell carcinoma (15, 16). In this particular case, the level of plasma renin activity in the right superior pole renal vein was 4.1- and 3.7-fold higher than that in the right lower pole renal vein and left renal vein as determined by selective renal venous sampling. A previous study showed that a lateralization ratio of 1.5 from renal venous sampling had a sensitivity of 56% and a specificity of 94% (17). These findings strongly support the use of selective renal venous sampling to identify and localize tumors as well as confirm direct renin secretion by the tumor in the superior pole of the right kidney. It is worth noting that the positive rate of renal venous sampling varies from 8.3% to 64%, depending on the localization (18–20).

In a healthy physiological state, renin secretion by juxtaglomerular cells is typically regulated by baroreceptors, the sympathetic nervous system, and the renin–angiotensin–aldosterone system. This regulation helps maintain blood pressure and electrolyte balance (21). However, in cases of JCT, renin secretion is autonomous, leading to resistant hypertension and hypokalemia in clinical settings. In this case, the levels of PRA and aldosterone were not significantly suppressed in CCT and SIT, suggesting that renin secretion by JCT is primarily autonomous, with some partial physiological regulation through angiotensin II mechanisms. It is worth noting that the mRNA expression of angiotensin II was not examined in this case (22).

The optimal treatment for JCT is surgical intervention, and laparoscopic resection or partial nephrectomy is often recommended due to the benign nature and size of the tumors (23, 24). In this particular case, the JCT was too small and entirely endophytic to be located via laparoscopy, but it was successfully identified through dynamic enhanced MRI. The pathological examination confirmed the presence of JCT, with positive CD34 and SMA markers, consistent with other reports (25, 26). After the tumor resection, there was a notable improvement in the patient’s resistant hypertension and hypokalemia. It is interesting to note that while most JCTs are benign, a small percentage can be malignant (27–30). About 10% of cases may still experience hypertension after surgery, which could be attributed to essential hypertension or other secondary factors, such as obstructive sleep apnea hypopnea syndrome or primary aldosteronism (17).





Conclusion

In conclusion, we present a case of JCT that remained undiagnosed for nearly 20 years, likely due to the tumor’s small size and limitations in imaging techniques, and the diagnosis of the case was preoperatively identified by using MRI and confirmed with selective renal venous sampling. Resistant hypertension, especially when accompanied with hypokalemia, should prompt an investigation into its etiology. JCT is a rare and challenging disease to diagnose. Comprehensive examinations, including physical assessment, biomarkers, dynamic enhanced CT, and MRI, as well as selective renal venous sampling, are crucial for an accurate diagnosis.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.





Ethics statement

Ethical approval was not required for the studies involving humans because this was a rare case report, which did not require an ethical approval. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements because this was a rare case report, which did not require an ethical approval. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

D-EY: Writing – original draft. H-BH: Writing – review & editing. J-PG: Funding acquisition, Writing – review & editing. Y-LW: Writing – review & editing. D-PP: Writing – review & editing. H-HZ: Writing – review & editing. X-ZZ: Writing – review & editing. J-XF: Writing – review & editing. M-LW: Writing – review & editing. XL: Writing – review & editing. Y-FS: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Robertson, PW, Klidjian, A, Harding, LK, Walters, G, Lee, MR, Robb-Smith, AH, et al. Hypertension due to a renin-secreting renal tumour. Am J Med (1967) 43(6):963–76.

2. Hayes, AG, Stowasser, M, Umapathysivam, MM, Falhammar, H, and Torpy, DJ. Approach to the patient: reninoma. J Clin Endocrinol Metab (2023) 1–8.

3. Skarakis, NS, Papadimitriou, I, Papanastasiou, L, Pappa, S, Dimitriadi, A, Glykas, I, et al. Juxtaglomerular cell tumour of the kidney: a rare cause of resistant hypertension. Endocrinol Diabetes Metab Case Rep (2022) 21–0042.

4. Atlas, SA, Hesson, TE, Sealey, JE, Dharmgrongartama, B, Laragh, JH, Ruddy, MC, et al. Characterization of inactive renin (“prorenin”) from renin-secreting tumors of nonrenal origin. Similarity to inactive renin from kidney and normal plasma. J Clin Invest (1984) 73(2):437–47.

5. Ruddy, MC, Atlas, SA, and Salerno, FG. Hypertension associated with a renin-secreting adenocarcinoma of the pancreas. N Engl J Med (1982) 307(16):993–7.

6. Sakata, R, Shimoyamada, H, Yanagisawa, M, Murakami, T, Makiyama, K, Nakaigawa, N, et al. Nonfunctioning juxtaglomerular cell tumor. Case Rep Pathol (2013) 2013:973865. doi: 10.1155/2013/973865

7. Dong, D, Li, H, Yan, W, and Xu, W. Juxtaglomerular cell tumor of the kidney–a new classification scheme. Urol Oncol (2010) 28(1):34–8. doi: 10.1016/j.urolonc.2009.08.003

8. Hayami, S, Sasagawa, I, Suzuki, H, Kubota, Y, Nakada, T, and Endo, Y. Juxtaglomerular cell tumor without hypertension. Scand J Urol Nephrol (1998) 32(3):231–3.

9. Hasegawa, A. Juxtaglomerular cells tumor of the kidney: a case report with electron microscopic and flow cytometric investigation. Ultrastruct Pathol (1997) 21(2):201–8. doi: 10.3109/01913129709021319

10. Martin, SA, Mynderse, LA, Lager, DJ, and Cheville, JC. Juxtaglomerular cell tumor: a clinicopathologic study of four cases and review of the literature. Am J Clin Pathol (2001) 116(6):854–63. doi: 10.1309/B10J-FKQ5-J7P8-WKU4

11. Osawa, S, Hosokawa, Y, Soda, T, Yasuda, T, Kaneto, H, Kitamura, T, et al. Juxtaglomerular cell tumor that was preoperatively diagnosed using selective renal venous sampling. Intern Med (2013) 52(17):1937–42.

12. Schieda, N, Lim, RS, McInnes, M, Thomassin, I, Renard-Penna, R, Tavolaro, S, et al. Characterization of small (<4cm) solid renal masses by computed tomography and magnetic resonance imaging: Current evidence and further development. Diagn Interv Imaging (2018) 99(7-8):443–55.

13. Anush, A, Rohini, G, Nicola, S, WalaaEldin, EM, and Eranga, U. Deep-learning-based ensemble method for fully automated detection of renal masses on magnetic resonance images. J Med Imaging (Bellingham) (2023) 10(2):024501.

14. Fujita, S, Warntjes, M, Kamagata, K, Fukunaga, I, et al. Three-dimensional high-resolution simultaneous quantitative mapping of the whole brain with 3D-QALAS: An accuracy and repeatability study. Magn Reson Imaging (2019) 63:235–43.

15. Lin, SY, Liu, WY, Chen, WC, and Chen, RH. Secondary hypertension due to a renin-secreting juxtaglomerular cell tumor. J Formos Med Assoc (2010) 109(3):237–40.

16. Rubenstein, JN, Eggener, SE, Pins, MR, Rosner, K, Chugh, S, and Campbell, SC. Juxtaglomerular apparatus tumor: a rare, surgically correctable cause of hypertension. Rev Urol (2002) 4(4):192–5.

17. Wong, L, Hsu, TH, Perlroth, MG, Hofmann, LV, Haynes, CM, and Katznelson, L. Reninoma: case report and literature review. J Hypertens (2008) 26(2):368–73.

18. Wolley, M, Gordon, RD, and Stowasser, M. Reninoma: the importance of renal vein renin ratios for lateralisation and diagnosis. Am J Nephrol (2014) 39(1):16–9.

19. Rosei, CA, Giacomelli, L, Salvetti, M, Paini, A, Corbellini, C, Tiberio, G, et al. Advantages of renin inhibition in a patient with reninoma. Int J Cardiol (2015) 187:240–2.

20. Daniele, A, Sabbadin, C, Costa, G, Vezzaro, R, Battistel, M, Saraggi, D, et al. A 10-year history of secondary hypertension: a challenging case of renin-secreting juxtaglomerular cell tumor. J Hypertens (2018) 36(8):1772–4.

21. Liu, N, Li, M, Liu, S, Kang, J, Chen, L, Huang, J, et al. Exogenous H(2)S attenuates hypertension by regulating renin Q24 exocytosis under hyperglycaemic and hyperlipidaemic conditions. Int J Mol Sci (2023) 24(2):1690.

22. Yang, X, Zeng, H, Wang, L, Luo, S, and Zhou, Y. Activation of Piezo1 downregulates renin in juxtaglomerular cells and contributes to blood pressure homeostasis. Cell Biosci (2022) 12(1):197.

23. Hagiya, A, Zhou, M, Hung, A, and Aron, M. Juxtaglomerular cell tumor with atypical pathological features: report of a case and review of literature. Int J Surg Pathol (2020) 28(1):87–91.

24. Jiang, S, Yang, Y, Wu, R, Yang, Q, Zhang, C, Tang, Y, et al. Characterization and management of juxtaglomerular cell tumor: analysis of 9 cases and literature review. Balkan Med J (2020) 37(5):287–90.

25. Quach, P, and Hamza, A. Juxtaglomerular cell tumor: report of a case with unusual presentation. Autops Case Rep (2022) 12:e2021406.

26. Gupta, S, Folpe, AL, Torres-Mora, J, Reuter, VE, Zuckerman, JE, Falk, N, et al. Immunohistochemical expression of renin and GATA3 help distinguish juxtaglomerular cell tumors from renal glomus tumors. Hum Pathol (2022) 128:110–23.

27. Duan, X, Bruneval, P, Hammadeh, R, Fresco, R, Eble, JN, Clark, JI, et al. Metastatic juxtaglomerular cell tumor in a 52-year-old man. Am J Surg Pathol (2004) 28(8):1098–102.

28. Beaudoin, J, Périgny, M, Têtu, B, and Lebel, M. A patient with a juxtaglomerular cell tumor with histological vascular invasion. Nat Clin Pract Nephrol (2008) 4(8):458–62.

29. Morris, BJ, Pinet, F, Michel, JB, Soubrier, F, and Corvol, P. Renin secretion from Malignant pulmonary metastatic tumour cells of vascular origin. Clin Exp Pharmacol Physiol (1987) 14(3):227–31.

30. Fu, X, Deng, G, Wang, K, Shao, C, and Xie, LP. Pregnancy complicated by juxtaglomerular cell tumor of the kidney: A case report. World J Clin cases (2023) 11(11):2541–8.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Yan, He, Guo, Wang, Peng, Zheng, Zhou, Fu, Wang, Luo and Shen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1298684-g001.jpg
tumor

13.9ng/mL/hr

12.7ng/mL/hr

11.6ng/mL/hr






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Renal venous sampling assisted the diagnosis of juxtaglomerular cell tumor: a case report and literature review

      

        		

          Introduction

        



        		

          Case description

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2023.1298684_cover.jpg
& frontiers | Frontiers in Oncology

Renal venous sampling assisted the
diagnosis of juxtaglomerular cell tumor:
a case report and literature review





