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Abstract
Retroperitoneal paragangliomas are tumors of neuroectodermal origin rarely appearing in the pediatric
population. We report a case of a large paraganglioma infiltrating the right kidney and inferior vena cava in a
16-year-old boy who initially presented with a right-sided varicocele. Right retroperitoneal paraganglioma
was embolized preoperatively, followed by total tumor excision, right nephrectomy, inferior vena cava
resection, and reconstruction using a prosthetic vascular graft. Retroperitoneal tumors requiring surgery can
successfully be treated by radical resection and replacement of the inferior vena cava in experienced centers.
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Introduction
Retroperitoneal paragangliomas (PGs) are rare primary tumors of neuroectodermal origin arising from extra-
adrenal chromaffin cells [1]. Peak incidence for PG is between the ages of 30 and 50, however, some 20% of
the cases occur in pediatric patients [2]. While most PGs are functional and present with symptoms of excess
catecholamine release, 10%-15% of PGs are nonfunctional and often remain metabolically and clinically
silent until reaching considerable size [3]. Approximately 20% of PG are found in the head and neck region,
up to 10% in the mediastinal and pericardial localizations, and the remaining 70%-80% arise from
infradiphragmatic ganglia. In the abdomen, PG can be found anywhere where sympathetic or
parasympathetic ganglia are found, and they most commonly originate from the Zuckerkandl organ near the
aortic bifurcation, or retroperitoneally around the kidney, adrenal, and bladder [4]. Surgery remains the
mainstay of treatment for PG. Retroperitoneal localization and close relations with major vessels may
require challenging surgical approaches.

We report a case of a giant retroperitoneal PG invading the inferior vena cava (IVC) in a 16-year-old boy
initially presenting with a right-sided varicocele as the only symptom. The tumor was treated with
preoperative embolization and radical surgical excision followed by reconstruction of IVC using a prosthetic
vascular graft.

Case Presentation
A 16-year-old previously healthy boy was referred to our department after imaging revealed a large
retroperitoneal tumor. Renal ultrasound and doppler was initially performed during the work-up of a right-
sided varicocele in an otherwise asymptomatic patient. A large, hypervascular heterogenic mass was found
in the right retroperitoneum. Magnetic resonance imaging (MRI) showed a vascular tumor of a mixed
solid/cystic nature, measuring 14x12x8cm, compressing the lower pole of the right kidney and displacing the
kidney laterally. Infiltration of the inferior vena cava (IVC) and an intraluminal tumor thrombus was seen
ranging from the level of the right renal vein down to the IVC bifurcation. 18F-FDG PET/CT imaging showed
a solid-cystic lesion with an increased 18F-FDG uptake involving the right retroperitoneum and IVC,
indicating malignant disease with a probable origin in the IVC (Figures 1A, 1B).
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FIGURE 1: Preoperative PET/CT scan showing (A) increased 18F-FDG
uptake involving the right retroperitoneum and inferior vena cava
(arrow) and (B) tumor thrombus in inferior vena cava (arrow).

All of the biochemical parameters including catecholamine values and tumor markers were within the
normal range. Echocardiography was unremarkable. Due to the hypervascular nature of the tumor, a
preoperative percutaneous biopsy was not attempted. The decision was made to operate and, before surgery,
preoperative embolization of the tumor was done in order to minimize intraoperative bleeding. Selective
angiography of the feeding arteries was performed through the right femoral artery. The tumor was found to
be feeding mainly from the lumbar arteries arising from the distal aorta, and from the right renal artery. The
main feeding lumbar artery was embolized while the renal artery was not, in order to prevent acute ischemia
of the right kidney and possible complications before definitive surgery (Figure 2A, 2B). The patient
underwent surgery through a midline laparotomy two days after tumor embolization.

FIGURE 2: Preoperative embolization photograph showing (A) lumbar
artery feeding the tumor and (B) after the embolization. (C)
Intraoperative photograph after tumor resection and inferior vena cava
reconstruction.

During the operation, tumor was dissected from the pancreaticoduodenal complex, aorta and the right iliac
vessels, followed by en-bloc resection including right kidney, right adrenal gland and the IVC from the
bifurcation up to the origin of the left renal vein (LRV). The IVC was reconstructed using a 20 mm
Polytetrafluoroethylene (PTFE) graft with the upper anastomosis incorporating the infrahepatic cava and
the left renal vein (Figure 2C). Paraaortic, inter-aortico-caval and iliacal lymphadenectomy was done as well.
Postoperative course was uneventful and the patient was discharged home on postoperative day 10.

Histological examination revealed a brownish tumor near the lower pole of the right kidney infiltrating the
IVC and the right ureter. On microscopy, tumor cells were arranged in nest-like patterns surrounded by
fibrovascular stroma with a characteristic Zellbalen architecture in haematoxilin and eosin staining. The
cells had a granular, eosinophyllic cytoplasm and deep staining nuclei. Immunohistochemistry showed
positive synaptophysin, chromogranin A and S 100 staining. No mitoses were present, and expression of Ki
67 was 2%. No tumor was found in the regional lymph nodes. Based on the above findings, the histological
diagnosis of PG was made (Figures 3A, 3B, 4A-4D).
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FIGURE 3: Histopathological features showing the tumor consists of
poligonal cells arranged in small nests (Zellballen) separated by delicate
fibrovascular stroma (H&E staining, (A) x200, (B) x400).

FIGURE 4: Immunohistochemical features.
(A) Strong positive granular cytoplasmic reaction for Synaptophysin (200x). (B) Strong positive granular
cytoplasmic reaction for Chromogranin (200x). (C) Positive reaction for S100 in sustentacular cells, situated
around the nests of tumor cells (200x). (D) Ki67 proliferative activity in approximately 2% cells (400x).

Six months after surgery, follow-up imaging (MRI and 18F-FDG PET/CT) showed no signs of tumor
recurrence or distal metastasis.

Discussion
Neurogenic tumors are the most common primary retroperitoneal tumors in children. While neuroblastoma
is the most common, PGs, originating from extra-adrenal chromaffin cells, uncommonly appear in the
retroperitoneum. When located in the adrenal glands, they are called pheochromocytomas. Retroperitoneal
PGs usually arise from paraganglia which are part of the sympathetic chain ranging along the aorta. The
majority are found near the organ of Zuckerkandl, in the region of the aortic bifurcation and the origin of the
inferior mesenteric artery [5]. They are more often found in older children and about 40% are hormonally
active, releasing catecholamines [6]. Less than 50% are malignant and due to the similarity in histological
appearance to the benign PG, often only the follow-up will reveal the true nature of the tumor. The most
common sites of metastasis are regional lymph nodes, bone, liver, and lung. PG can be associated with
hereditary disorders like multiple endocrine neoplasia, von Hippel-Lindau disease, neurofibromatosis type
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1, and a number of genetic mutations [7]. Retrospective analyses have shown five-year overall survival after
surgical resections ranging from 73% to 91%, with high survival rates correlating with the absence of
metastasis [8,9].

Histologically, PGs are usually composed of round and oval tumor cells arranged in nests (zellbalen) within
the vascular stroma and peripheral sustentacular cells. Nuclear atypia may be present; however, mitoses are
rare and there is usually no necrosis. Immunohistochemistry has a substantial role in the confirmation of
the diagnosis. Synaptophysin and chromogranin are specific for the presence of tumor cells while
sustentacular cells stain positive for anti-S100 antibodies [10]. All of these were positive in our patients. The
expression of Ki-67 was low, and analyses had shown that high expression of Ki-67 correlates with
metastatic disease [11].

Symptoms in catecholamine-secreting tumors range from headache, palpitation, excessive sweating, and
paroxysmal hypertensive crisis to cardiomyopathy and myocardial infarction [12]. Large tumors can present
themselves with back pain or a palpable mass. In our case, isolated right-sided varicocele was the only
symptom. While usually found on the left, right-sided varicocele always raises suspicion for venous
obstruction and an increase in venous pressure. Hence, neoplasm needs to be ruled out either using
ultrasound or cross-sectional imaging methods. Wilms’ tumor invasion of the renal vein and the IVC is a
typical cause of a secondary varicocele in the pediatric population [13].

Preoperative embolization is routinely performed for cervical PGs. It is reported to reduce intraoperative
bleeding, surgical time, and the incidence of postoperative complications [14]. The role of percutaneous
embolization in PG is not clear due to paucity of data. One of the concerns is the possible post-intervention
release of cathecolamines and the subsequent risk of hypertensive crisis in functioning PG [15].

Retroperitoneal tumor resection with concomitant IVC resection and replacement is routinely performed in
adults in experienced centers, mainly for retroperitoneal sarcomas and renal malignancies. When en bloc
surgical resection of the tumor and vena cava is required for radical tumor clearance, IVC reconstruction can
be performed with low morbidity, low mortality, and excellent clinical results [16]. On the other hand, there
have been only a handful of reports in pediatric patients despite the relative frequency of retroperitoneal
neoplasms in children [17]. Thanks to the extensive collateral formation through the retroperitoneal and
azygos systems, infrarenal IVC can often be safely ligated with adequate venous drainage from the lower
body. In our patient, resection of a rich collateral retroperitoneal venous network was necessary in order to
achieve complete tumor resection. Also, the IVC was involved with the tumor up to the origin of the left
renal vein and ligation of the IVC at this level would impede venous flow through the LRV. It is often argued
that the LRV can be safely ligated as long as there are collateral pathways through the left adrenal and
testicular veins, however, after the right nephrectomy, we felt it was safer to reimplant the LRV into the neo-
cava in order to preserve optimal function of the left kidney. As to the choice of graft for IVC reconstruction,
an autologous graft is always a preferable option because of better results in terms of patency, resistance to
infection, and future growth [18]. The only published pediatric case of caval resection and reconstruction for
resection of a PG that we have found in the literature describes caval reconstruction using autologous veins
[19]. However, due to the large size of the defect, prosthetic replacement was the only option for our patient.
PTFE prostheses are the type that is usually recommended in the literature since they provide the best
results in terms of the length of the missing segment and resistance to intra-abdominal compression [20].

Conclusions
Radical excision is the treatment option of choice for most retroperitoneal tumors in children. This may
require challenging surgical approaches including reconstructions of major retroperitoneal vessels, which
can be performed safely in experienced centers.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Krešimir Đapić, Danko Mikulić, Jasminka Stepan, Maja Pavlović, Mirko Poljak, Slavko
Gašparov, Vinko Vidjak

Acquisition, analysis, or interpretation of data:  Krešimir Đapić, Danko Mikulić, Jasminka Stepan, Maja
Pavlović, Mirko Poljak, Slavko Gašparov, Vinko Vidjak

Drafting of the manuscript:  Krešimir Đapić, Danko Mikulić, Jasminka Stepan, Maja Pavlović, Mirko Poljak,
Slavko Gašparov, Vinko Vidjak

Critical review of the manuscript for important intellectual content:  Krešimir Đapić, Danko Mikulić,
Jasminka Stepan, Maja Pavlović, Mirko Poljak, Slavko Gašparov, Vinko Vidjak

2023 Đapić et al. Cureus 15(10): e47160. DOI 10.7759/cureus.47160 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Supervision:  Krešimir Đapić, Danko Mikulić, Slavko Gašparov

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Authors Gašparov and Mikulic contributed equally to the work.

References
1. Feng N, Zhang WY, Wu XT: Clinicopathological analysis of paraganglioma with literature review . World J

Gastroenterol. 2009, 15:3003-8. 10.3748/wjg.15.3003
2. Kiernan CM, Solórzano CC: Pheochromocytoma and paraganglioma: diagnosis, genetics, and treatment.

Surg Oncol Clin N Am. 2016, 25:119-38. 10.1016/j.soc.2015.08.006
3. Sclafani LM, Woodruff JM, Brennan MF: Extraadrenal retroperitoneal paragangliomas: natural history and

response to treatment. Surgery. 1990, 108:1124-9; discussion 1129-30.
4. Patel D, Phay JE, Yen TW, et al.: Update on pheochromocytoma and paraganglioma from the SSO

endocrine/head and neck disease-site work group. Part 1 of 2: advances in pathogenesis and diagnosis of
pheochromocytoma and paraganglioma. Ann Surg Oncol. 2020, 27:1329-37. 10.1245/s10434-020-08220-3

5. Erickson D, Kudva YC, Ebersold MJ, et al.: Benign paragangliomas: clinical presentation and treatment
outcomes in 236 patients. J Clin Endocrinol Metab. 2001, 86:5210-6. 10.1210/jcem.86.11.8034

6. Xu Y, Wang J, Peng Y, Zeng J: CT characteristics of primary retroperitoneal neoplasms in children . Eur J
Radiol. 2010, 75:321-8. 10.1016/j.ejrad.2010.05.041

7. Jochmanova I, Wolf KI, King KS, et al.: SDHB-related pheochromocytoma and paraganglioma penetrance
and genotype-phenotype correlations. J Cancer Res Clin Oncol. 2017, 143:1421-35. 10.1007/s00432-017-
2397-3

8. Ji XK, Zheng XW, Wu XL, Yu ZP, Shan YF, Zhang QY, Zeng QQ: Diagnosis and surgical treatment of
retroperitoneal paraganglioma: a single-institution experience of 34 cases. Oncol Lett. 2017, 14:2268-80.
10.3892/ol.2017.6468

9. Cunningham SC, Suh HS, Winter JM, Montgomery E, Schulick RD, Cameron JL, Yeo CJ: Retroperitoneal
paraganglioma: single-institution experience and review of the literature. J Gastrointest Surg. 2006,
10:1156-63. 10.1016/j.gassur.2006.05.004

10. Asa SL, Ezzat S, Mete O: The diagnosis and clinical significance of paragangliomas in unusual locations . J
Clin Med. 2018, 7:280. 10.3390/jcm7090280

11. Fishbein L, Leshchiner I, Walter V, et al.: Comprehensive molecular characterization of pheochromocytoma
and paraganglioma. Cancer Cell. 2017, 31:181-93. 10.1016/j.ccell.2017.01.001

12. Auriau J, Mansuy L, Douchin S: Cardiogenic shock and tako-tsubo cardiomyopathy in a 9-year-old girl with
retroperitoneal paraganglioma. Arch Dis Child. 2019, 104:988. 10.1136/archdischild-2018-315083

13. Elmer DeWitt M, Greene DJ, Gill B, Nyame Y, Haywood S, Sabanegh E Jr: Isolated right varicocele and
incidence of associated cancer. Urology. 2018, 117:82-5. 10.1016/j.urology.2018.03.047

14. Texakalidis P, Charisis N, Giannopoulos S, et al.: Role of preoperative embolization in carotid body tumor
surgery: a systematic review and meta-analysis. World Neurosurg. 2019, 129:503-13.e2.
10.1016/j.wneu.2019.05.209

15. Eriutina NA, Pavón CJC, Vásquez CG, Montesinos IG, de Los Galanes SJ, Martínez PAP, Patiño JG:
Retroperitoneal paraganglioma-Is pre operative embolization useful? . Int J Surg Case Rep. 2017, 39:64-8.
10.1016/j.ijscr.2017.07.038

16. Ruiz CS, Kalbaugh CA, Browder SE, et al.: Operative strategies for inferior vena cava repair in oncologic
surgery. J Vasc Surg Venous Lymphat Disord. 2020, 8:396-404. 10.1016/j.jvsv.2019.09.012

17. Grimaldi C, Bertocchini A, Crocoli A, et al.: Caval replacement strategy in pediatric retroperitoneal tumors
encasing the vena cava: a single-center experience and review of literature. J Pediatr Surg. 2019, 54:557-61.
10.1016/j.jpedsurg.2018.06.008

18. Gaignard E, Bergeat D, Robin F, Corbière L, Rayar M, Meunier B: Inferior vena cava leiomyosarcoma: what
method of reconstruction for which type of resection?. World J Surg. 2020, 44:3537-44. 10.1007/s00268-
020-05602-2

19. Bourke CJ, Lynch S, Irving H, Borzi PA: Retroperitoneal paraganglioma in a child: resection and vena caval
reconstruction. Pediatr Surg Int. 2002, 18:505-8. 10.1007/s00383-002-0712-8

20. Ghose J, Bhamre R, Mehta N, et al.: Resection of the inferior vena cava for retroperitoneal sarcoma: six cases
and a review of literature. Indian J Surg Oncol. 2018, 9:538-46. 10.1007/s13193-018-0796-9

2023 Đapić et al. Cureus 15(10): e47160. DOI 10.7759/cureus.47160 5 of 5

https://dx.doi.org/10.3748/wjg.15.3003
https://dx.doi.org/10.3748/wjg.15.3003
https://dx.doi.org/10.1016/j.soc.2015.08.006
https://dx.doi.org/10.1016/j.soc.2015.08.006
https://pubmed.ncbi.nlm.nih.gov/2174194/
https://dx.doi.org/10.1245/s10434-020-08220-3
https://dx.doi.org/10.1245/s10434-020-08220-3
https://dx.doi.org/10.1210/jcem.86.11.8034
https://dx.doi.org/10.1210/jcem.86.11.8034
https://dx.doi.org/10.1016/j.ejrad.2010.05.041
https://dx.doi.org/10.1016/j.ejrad.2010.05.041
https://dx.doi.org/10.1007/s00432-017-2397-3
https://dx.doi.org/10.1007/s00432-017-2397-3
https://dx.doi.org/10.3892/ol.2017.6468
https://dx.doi.org/10.3892/ol.2017.6468
https://dx.doi.org/10.1016/j.gassur.2006.05.004
https://dx.doi.org/10.1016/j.gassur.2006.05.004
https://dx.doi.org/10.3390/jcm7090280
https://dx.doi.org/10.3390/jcm7090280
https://dx.doi.org/10.1016/j.ccell.2017.01.001
https://dx.doi.org/10.1016/j.ccell.2017.01.001
https://dx.doi.org/10.1136/archdischild-2018-315083
https://dx.doi.org/10.1136/archdischild-2018-315083
https://dx.doi.org/10.1016/j.urology.2018.03.047
https://dx.doi.org/10.1016/j.urology.2018.03.047
https://dx.doi.org/10.1016/j.wneu.2019.05.209
https://dx.doi.org/10.1016/j.wneu.2019.05.209
https://dx.doi.org/10.1016/j.ijscr.2017.07.038
https://dx.doi.org/10.1016/j.ijscr.2017.07.038
https://dx.doi.org/10.1016/j.jvsv.2019.09.012
https://dx.doi.org/10.1016/j.jvsv.2019.09.012
https://dx.doi.org/10.1016/j.jpedsurg.2018.06.008
https://dx.doi.org/10.1016/j.jpedsurg.2018.06.008
https://dx.doi.org/10.1007/s00268-020-05602-2
https://dx.doi.org/10.1007/s00268-020-05602-2
https://dx.doi.org/10.1007/s00383-002-0712-8
https://dx.doi.org/10.1007/s00383-002-0712-8
https://dx.doi.org/10.1007/s13193-018-0796-9
https://dx.doi.org/10.1007/s13193-018-0796-9

	Retroperitoneal Paraganglioma Treated With Tumor Resection and Replacement of the Inferior Vena Cava
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Preoperative PET/CT scan showing (A) increased 18F-FDG uptake involving the right retroperitoneum and inferior vena cava (arrow) and (B) tumor thrombus in inferior vena cava (arrow).
	FIGURE 2: Preoperative embolization photograph showing (A) lumbar artery feeding the tumor and (B) after the embolization. (C) Intraoperative photograph after tumor resection and inferior vena cava reconstruction.
	FIGURE 3: Histopathological features showing the tumor consists of poligonal cells arranged in small nests (Zellballen) separated by delicate fibrovascular stroma (H&E staining, (A) x200, (B) x400).
	FIGURE 4: Immunohistochemical features.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


