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Abstract

Paraganglioma is a very rare extraadrenal nonepithelial tumor. The number of cases of

laparoscopic  surgery  in  Paraganglioma  is  small  and  controversial.  This  study

encountered  a  case  of  successful  transperitoneal  laparoscopic  surgery  for  a  56-mm

paraganglioma in  a  53-year-old  female.  Moreover,  previous  reports  on  laparoscopic

surgery for paraganglioma are reviewed .

Introduction

Paraganglia are groups of neuroendocrine tissues of neural crest origin closely related to

the  autonomous  nervous  system.  A  tumor  derived  from  the  paraganglia  is  a

paraganglioma  (PGL),  which  is  an  extraadrenal  nonepithelial  tumor.1 The  standard

treatment is surgical treatment. Moreover, the safety of laparoscopic surgery has been

reported in recent years.
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Case examination

Patient: 53-year-old female

Chief complaints: Pointed out by medical checkup

History of present illness:

An abdominal mass was detected by ultrasound imaging during a medical checkup. The

patient was then referred to the hospital for this study.

Past medical history: None

Family history: None

Blood test  findings:  Hemoglobin,  14.0 g/dL;  Carcinoembryonic  antigen,  3.0 ng/mL;

Carbohydrate antigen 19-9, 6.7 U/mL; Soluble interleukin-2 receptor, 205 U/mL

Abdominal ultrasonography: A 56 × 43-mm hypoechoic tumor with a smooth margin,

internal heterogeneity, and no blood flow signal was observed at the posterior wall of

the gastric corpus and pancreas tail (Fig. 1).

Abdominal  contrast-enhanced computed tomography (CT):  A 56.7 × 37.9 × 54.7-

mm  low-grade  tumor  with  poor  contrast  effect,  smooth  margin,  and  internal

heterogeneity was observed between the posterior wall of the gastric corpus and the

right margin of the abdominal aorta (Fig. 2).

Abdominal contrast-enhanced magnetic resonance imaging (MRI): At the same site,

T1-, T2-, and diffusion-weighted images showed low signal, faint and heterogeneous

high signal, and faint high signal, respectively. Fat component with capsule structure

was not observed in fat-suppressed T2-weighted imaging. It could be continuous from

the right margin of the aorta. However, the continuity with the gastrointestinal tract was

not clear. Schwannoma and leiomyoma were considered as the diagnosis (Fig. 3).

Explanation of upper gastrointestinal endoscopy: No clear extrinsic compression was

observed at the posterior wall of the gastric corpus.

Endoscopic  ultrasound: A 47.3 × 31.3-mm hypoechoic  tumor  was  observed  at  the

posterior wall of the middle part of the gastric corpus suspected to be derived from the

muscular layer of the fourth layer of the gastric wall (Fig. 4). Diagnosis with fine-needle

aspiration was difficult due to insufficient amount of tissue.

Differential diagnoses: Based on the aforementioned findings, gastrointestinal stromal

tumor (GIST) of the stomach, Schwannoma, and leiomyoma were listed as differential

diagnoses. GIST of the stomach was most suspected, and the treatment modality was

decided to be surgery.

Surgical  findings:  Surgery  was  started  in  the  lateral  recumbent  position  with  a

transabdominal  approach.  Ports  were  inserted  to  form a  reverse  trapezoid  with  the



umbilicus as the center. The tumor was separated from the gastric wall after the omental

bursa was opened. The tumor was at a location surrounded by the left margin of the

aorta, the upper margin of the renal artery, and the upper margin of the pancreas and the

splenic hilum. The exfoliation of the retroperitoneum and the tumor was difficult. Thus,

the pancreas were tunneled and lifted to achieve this (Fig. 5). As feeding vessels were

flowing from the left gastric artery toward the tumor, they were clipped, and the tumor

was removed (Fig. 6). The procedure was a laparoscopic tumorectomy. The surgical

duration was 247 min, and the hemorrhage volume was 10 mL. There were no changes

in the intraoperative vital signs.

Macroscopic findings: The macroscopic finding was a round tumor with a capsule with

a  clear  boundary,  and  there  was  no  necrosis  on  the  cut  surface.  Moreover,  yellow

consolidation was observed (Fig. 7).

Histopathological findings: Supporting tissues and capillaries were observed around

the pleomorphic tumor cells  and alveolar  aggregates,  exhibiting a Zellballen pattern

were found. Further, a large number of ganglion cells were observed (Fig. 8).

Immunohistochemistry analysis: The following immunohistochemical findings were

noted: S-100 (＋ ) for supporting cells, synaptophysin (Syn) (＋ ) and CD56 (＋ ) for

ganglion cells, and chromogranin A (CgA)(＋) for ganglions. Ki67 index was below 1%

(Fig. 9).

Final diagnosis: PGL

Postoperative progress: Pancreatitis was noted on postoperative day 3. The patient was

discharged on the basis of independent gait on postoperative day 12.

Discussion

PGLs are currently clinically and biologically divided into two groups, based on the

parasympathetic  and the  sympathetic  nervous  system involvement,  according to  the

World  Health  Organization  classification.  PGLs  arising  from  the  parasympathetic

ganglia mainly affect the head and neck. Thus, PGLs are described as two subgroups

based on location, namely head and neck PGL and sympathetic PGL.1

Sympathetic  PGLs,  originating  from  the  chest  and  abdominal  sympathetic  nerves,

account for 80% of all PGLs.2 Moreover, 85% of sympathetic PGLs occur beneath the

diaphragm and are particularly observed in the retroperitoneum around the adrenal and

renal areas around the organ of Zuckerkandl and the bladder.3,4 In addition, they are

observed in the chest and heart.5,6 

PGL  is  usually  characterized  by  catecholamine-related  symptoms,  such  as

persistent/paroxysmal  hypertension,  diaphoresis,  palpitation,  headache,  and  anxiety



neurosis.7 The sudden release of catecholamine makes it severe, with symptoms such as

pulmonary  edema,  cerebral  hemorrhage,  hypertensive  crisis,  and  cardiovascular

disorders.8-10 However, about 10% of asymptomatic PGLs may be discovered with the

advancements in imaging.11

Biochemical tests confirm the excessive secretion of catecholamine or metanephrine.10

Free metanephrine in the blood and urine is a specific marker for chromaffin tumors and

is superior to catecholamine.12 In addition, blood metanephrine evaluation is superior to

24-h urinary metanephrine evaluation in sensitivity and specificity.13 Furthermore, the

test for the detection of urinary vanillylmandelic acid has the lowest sensitivity.13 PGL

can be diagnosed with almost 100% certainty when metanephrine in the blood and urine

is more than four times the normal upper limit.13 As this case was initially suspected as

GIST of the stomach, blood and urine tests could not be performed before surgery.

In the imaging studies performed in the current case, contrast-enhanced CT revealed

consolidation  with  a  contrast  effect.  Moreover,  in  MRI  tests,  T1-  and  T2-weighted

images showed low and high signals, respectively.  123I-meta-iodobenzylguanidine is a

high-sensitivity test and it is useful for adrenal tumors or metastases.14

Further, patients with PGL are also recommended to undergo genetic screening to detect

genetic mutations that cause the disease. As many as 20 susceptibility genes have been

currently  discovered  for  PGL and  pheochromocytoma.  Germline  mutations  such  as

those in  RET,  VHL, SDHA, SDHB, SDHC, SDHD, SDHAF2, and  MAX are related to

PGL.15,16 Patients with family history and below the age of 50 years are recommended to

undergo genetic screening.17

Proper  preoperative  management  becomes  necessary  if  excessive  secretion  of

catecholamine is confirmed before surgery. Preoperative preparation by administering

α-adrenergic  blockers,  β-adrenergic  blockers,  or  calcium  channel  blockers  and

communication  between  the  anesthesiologist–surgeon  team  during  surgery  are

important.17

The standard treatment for PGL is surgical resection. A PubMed search for reports on

laparoscopic surgery for abdominal PGL with paraganglioma/laparoscopic revealed 12

case reports, including this case, in a 10-year period from 2010 to 2020 (Table 1).18-28

The  average  age  was  44.9 years  (22–72),  and  the  male:female  ratio  was  5:7.

Laparoscopic  approaches  consisted  of  the  transperitoneal  approach  in  11  cases  and

transthoracoabdominal approach in 1 case. Peritoneal approach was performed in the



supine and lateral recumbent positions in six and five cases, respectively. No cases were

found with the retroperitoneal approach of surgery. Tumor location was with a ratio of

right:left = 7:4 at the aortic bifurcation in 1 case, above the renal artery in 6 cases, and

under the renal artery in 6 cases. The average maximum tumor diameter was 52.5 mm

(28–82 mm), the average surgical duration was 177 min (100–325 min), the average

hemorrhage  volume  was  77.6 mL  (little–340  mL),  and  the  average  duration  of

hospitalization was 5.2 days (2–12 days). Only pancreatitis, in terms of complications,

was noted in the present case. In addition,  tumor location was compared above and

below the renal artery, and the average surgical duration for cases with the tumor above

the renal artery and below the renal artery were 208.8 and 130.6 min, respectively. The

respective average hemorrhage volumes were 114.3 and 16.6 mL. The surgical duration

was longer and the hemorrhage volume larger for tumors above the renal artery.

Pancreatitis  was  confirmed  in  the  present  case,  and  this  is  a  point  for  reflection.

Pancreatitis  occurred  because  the  pancreas  had  been  tunneled  for  the  dorsal  tumor

treatment. The retroperitoneal approach in the lateral recumbent position instead of the

supine  position  was  considered  the  best  method.  Ensuring  accurate  preoperative

diagnosis, tumor location, and size and performing the surgery in the best position is

necessary.

The safety and effectiveness of laparoscopic surgery for pheochromocytoma have been

extensively  reported.  However,  laparoscopic  surgery  for  PGL is  controversial.  The

comparison between laparoscopic surgery and laparotomy for PGL has been reported in

a  small-scale  experiment,  and  a  decrease  in  hemorrhage  volume  and  duration  of

hospitalization  has  been  reported  in  this  study.29 In  addition,  the  comparative  study

between patients with pheochromocytoma and PGL undergoing laparoscopic surgery

reported that laparoscopic PGL had a longer surgical duration. However, no significant

difference existed in hemorrhage volume and duration of hospitalization.30 The selection

of the laparoscopic approach is determined by the surgeon’s preferences and skills, and

the patient’s physique, body mass index, tumor size, and location.31 Some reports have

indicated that the retroperitoneal approach shortens the surgical duration.32,33 In addition,

reports also exist on the single-site and robotic surgeries.34,35

In terms of histological features, sympathetic PGLs and pheochromocytomas consisting

of polygonal cells, called chromaffin cells, exhibit amphophilic to basophilic cytoplasm.

Tumor cells are separated by the capillary plexus and arranged in an alveolar pattern

(Zellballen  architecture).  Cytological  characteristics  include  granular  cytoplasm,

prominent nucleoli, vesicular nuclei, pseudoinclusions inside nuclei, and so on. There

may  be  secondary  changes  like  hemorrhage,  hemosiderin  deposition,  sclerosis,  and



pigmentation of the lipofuscin or melani.2,36

Immunohistochemistry  could  confirm  the  pathological  diagnosis  and  assist  in

making a differential diagnosis with other microscopically similar tumors. CgA is the

most specific feature and helps distinguish PGLs from other neuroendocrine tumors.

PGLs are usually positive for Syn, which is less specific than CgA because diffused

positive Syn staining is also observed in adrenal cortical carcinomas.37-39 CD56 is also

an important neuroendocrine marker.41 PGLs are usually negative for keratins. A Ki-67

proliferation index > 3% significantly predict the malignant potential and prognosis of

PGLs.41

In  addition,  Pheochromocytoma  of  the  Adrenal  Gland  Scaled  Score  (PASS),

proposed by Thompson et al. in 2002, is an index showing the malignancy potential of

malignant pheochromocytomas.42 Malignant PGLs show a PASS score of ≥4. Of the 12

parameters of PASS, necrosis, capsular invasion, vascular invasion, cellular monotony,

high  mitosis,  atypical  mitotic  figures,  and  nuclear  hyperchromasia  were  significant

predictors  of malignancy.43 The tumor in  this  case had a Statistical  Package for the

Social Sciences score of 1 and was highly likely to be benign. However, malignant PGL

has been reported to be 10%–20% of the reported cases,44 and the malignancy risk is

reported  to  be  high  despite  young  age  and  tumor  size.  Thus,  strict  follow-up  is

important.42,45

In  conclusion,  a  laparoscopic  tumorectomy  by  the  transperitoneal  approach  was

performed  for  a  case  of  PGL.  Laparoscopic  surgery  for  PGL  is  generally  not

recommended. However, in the present case, it was considered to be completely safely

resected after examining previous studies and reported cases. Fully understanding the

preoperative diagnosis, tumor size, and location and performing the surgery with the

best approach method and surgical position is important.

Ethics approval and consent to participate

Declaration of Helsinki;

patient gave their informed consent prior to their inclusion in the study.

Consent for publication

patient gave their informed consent prior to their inclusion in the study.

Availability of data and materials

Data  sharing  does  not  apply  to  this  article  because  no  datasets  were  generated  or

analyzed during the current study.



Funding

Not applicable.

Author contributions

HY wrote this paper. 

TT  performed  the  autopsy,  reviewed  the  pathological  findings,  and  revised  the

manuscript.

HI reviewed the medical image findings and helped to write the manuscript.

MM, EN, and HM helped write the manuscript.

All authors read and approved the final manuscript.

Acknowledgments

The authors thank TT involved in the preparation of this paper.

Conflict of interests

Not applicable.

References

1. Lam A. K. Y. 2017. Update on adrenal tumours in 2017 World Health Organization

(WHO) of endocrine tumours. Endocrine pathology 28(3):213-227. 

2. Yang Y., G. Wang, H. Lu, Y. Liu, S. Ning, F. Luo. 2020. Haemorrhagic retroperitoneal

paraganglioma initially manifesting as acute abdomen: a rare case report and literature

review. BMC surgery 20(1):1-11. 

3. Lam K., C. Lo, N. Wat, J. Luk, K. Lam. 2001. The clinicopathological features and

importance  of  p53,  Rb,  and  mdm2  expression  in  phaeochromocytomas  and

paragangliomas. Journal of Clinical Pathology 54(6):443-448.

4.  Lam K.  Y.,  and A.  C.  L.  Chan.  1993.  Paraganglioma of  the  urinary  bladder:  an

immunohistochemical  study  and  report  of  an  unusual  association  with  intestinal

carclnold. Australian and New Zealand Journal of Surgery 63(9):740-745.

5.  Garg  A.,  D.  Mishra,  M.  Bansal,  H.  R.  Maharia,  V.  Goyal.  2016.  Right  atrial



paraganglioma:  an  extremely  rare  primary  cardiac  neoplasm  mimicking  myxoma.

Journal of Cardiovascular Ultrasound 24(4):334-336.

6.  Michałowska  I.,  J.  Ćwikła,  A.  Prejbisz,  et  al.  2016.  Mediastinal  paragangliomas

related to SDHx gene mutations. Kardiochir Torakochirurgia Polska (Polish Journal of

Cardio-Thoracic Surgery) 13(3):276-282.

7. Disick G. I., and M. A. Palese. 2007. Extra-adrenal pheochromocytoma: diagnosis

and management. Current Urology Reports 8(1):83-88.

8. Park S. K., J. K. Lee, S. P. Joo, et al. 2006. Spontaneous intracerebral haemorrhage

caused  by  extra-adrenal  phaeochromocytoma.  Journal  of  Clinical  Neuroscience

13(3):388-390. 

9. Makuuchi Y., M. Wada, A. Kawashima, et al. 2015. Paraganglioma-induced alveolar

hemorrhage. Internal Medicine 54(5):487-489. 

10 Withey S. J., S. Perrio, D. Christodoulou, et al. 2019. Imaging features of succinate

dehydrogenase–deficient pheochromocytoma-paraganglioma syndromes. Radiographics

39(5):1393-1410. 

11. Kopetschke R., M. Slisko, A. Kilisli, et al. 2009. Frequent incidental discovery of

phaeochromocytoma:  data  from  a  German  cohort  of  201  phaeochromocytoma.

European Journal of Endocrinology 161(2):355-361.

12. Bílek R.,  T.  Zelinka,  P.  Vlček,  et  al.  2015. Deconjugated urinary metanephrine,

normetanephrine and 3-methoxytyramine in laboratory diagnosis of pheochromocytoma

and paraganglioma. Physiological Research 64(Supp 2):S313-322. 

13. Casey R., T. Griffin, D. Wall, M. Dennedy, M. Bell, P. O’Shea. 2017. Screening for

phaeochromocytoma and paraganglioma: impact of using supine reference intervals for

plasma metanephrines  with  samples  collected from fasted/seated patients.  Annals  of

Clinical Biochemistry 54(1):170-173. 

14. Ilias  I.,  C.  C.  Chen,  J.  A.  Carrasquillo,  et  al.  2008.  Comparison  of  6-18F-

fluorodopamine  PET  with  123I-metaiodobenzylguanidine  and  111in-pentetreotide



scintigraphy in localization of nonmetastatic and metastatic pheochromocytoma. Journal

of Nuclear Medicine 49(10):1613-1619.

15.  Pillai S., V. Gopalan, C. Y. Lo, V. Liew, R. A. Smith, A. K. Y. Lam. 2017. Silent

genetic  alterations  identified  by  targeted  next-generation  sequencing  in

pheochromocytoma/paraganglioma:  a  clinicopathological  correlations.  Experimental

and Molecular Pathology 102(1):41-46. 

16. King K. S., and K. Pacak. 2014. Familial pheochromocytomas and paragangliomas.

Molecular and Cellular Endocrinology 386(1-2):92-100. 

17.  Aygun N.,  and M.  Uludag.  2020.  Pheochromocytoma and  paraganglioma:  from

treatment to follow-up. The Medical Bulletin of Sisli Etfal Hospital 54(4):391-398.

18. Harraz A. M., S. Alhelal, A. H. Ghoubashy, et al. 2020. Laparoscopic Excision of an

Extra-Adrenal  Pheochromocytoma  (Paraganglioma)  of  the  Organ  of  Zuckerkandl.

Journal of Endourology Case Reports 6(3):192-197. 

 

19. Ren X., J. Shang, R. Ren, H. Zhang, X. Yao. 2020. Laparoscopic resection of a large

clinically  silent  paraganglioma at  the  organ of  Zuckerkandl:  a  rare  case  report  and

review of the literature. BMC Urology 20(1):1-5. 

20. Addeo P., O. Julliard, A. Imperiale, B. Goichot, P. Bachellier. 2020. Laparoscopic

resection of familial interaortocaval paraganglioma. Surgical Oncology 33:143-144. 

21. Katsimantas A., S. Paparidis, D. Filippou, K. Bouropoulos Sr, N. Ferakis. 2020.

Laparoscopic  Resection  of  a  Non-functional,  Extra-adrenal  Paraganglioma:  A Case

Report and Literature Review. Cureus 12(4):e7753. 

22. Hakariya T., Y. Shida, H. Ito, et al. 2019. Successful laparoscopic resection of a

paraganglioma immediately behind the inferior vena cava and bilateral renal veins. IJU

Case Reports 2(5):261-264.

23.  Ogawa  H.,  S.  Nakahira,  T.  Kishimoto,  et  al.  2019.  Laparoscopic  resection  of

retroperitoneal paraganglioma behind the Spiegel lobe in a kyphotic patient: A rare case

report. Asian Journal of Endoscopic Surgery 12(3):344-347. 



24.  Radfar  M.  H.,  B.  Shakiba,  A.  Afyouni,  H.  Hoshyar.  2018.  Laparoscopic

management of paraganglioma in a pregnant woman: a case report. International Braz J

Urol 44(5):1032-1035.

25.  Jawad Z., A. Fajardo-Puerta, D. Lefroy, J. Todd, P. Lim, L. Jiao. 2017. Complete

laparoscopic  excision  of  a  giant  retroperitoneal  paraganglioma.  The  Annals  of  The

Royal College of Surgeons of England 99(5):e148-e150.

26.  Salgaonkar  H.,  R.  R.  Behera,  P.  C.  Sharma,  M.  Chadha,  A.  N.  Katara,  D.  S.

Bhandarkar. 2016. Laparoscopic resection of a large paraganglioma arising in the organ

of Zuckerkandl: report of a case and review of the literature. Journal of Minimal Access

Surgery 12(4):378-381. 

27.  Sunose  Y.,  K.  Hirai,  S.  Nakazawa,  et  al.  2015.  Laparoscopic  resection  of  a

paraganglioma located on the border of the thoracic and abdominal cavities using a

transabdominal transdiaphragmatic  approach.  Asian  Journal  of  Endoscopic  Surgery‐

8(2):201-204. 

28. Tuncel A., O. H. Yilmaz Aslan, E. Horasanli, S. Seckin, A. Atan. 2010. Laparoscopic

resection  of  periadrenal  paraganglioma  mimicking  an  isolated  adrenal  hydatid  cyst.

JSLS: Journal of the Society of Laparoendoscopic Surgeons 14(4):579-582. 

29. Ping W., M. HongZhou, Q. Jie, et al. 2016. Laparoscopic resection of retroperitoneal

paragangliomas: a comparison with conventional open surgical procedures. Journal of

Endourology 30(1):69-74. 

30. Goers T. A., M. Abdo, J. F. Moley, B. D. Matthews, M. Quasebarth, L. M. Brunt.

2013. Outcomes of resection of extra-adrenal pheochromocytomas/paragangliomas in

the  laparoscopic  era:  a  comparison  with  adrenal  pheochromocytoma.  Surgical

endoscopy 27(2):428-433. 

31. Patel  D.,  J.  E.  Phay, T.  W. Yen, et  al.  2020. 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. Annals of Surgical Oncology 27(5):1329-1337. 



32.  Lee  C.  R.,  M.  K.  Walz,  S.  Park,  et  al.  2012.  A  comparative  study  of  the

transperitoneal and posterior retroperitoneal approaches for laparoscopic adrenalectomy

for adrenal tumors. Annals of Surgical Oncology 19(8):2629-2634.

33.  Xu  W.,  H.  Li,  Z.  Ji,  et  al.  2015.  Comparison  of  retroperitoneoscopic  versus

transperitoneoscopic resection of retroperitoneal paraganglioma: a control study of 74

cases at a single institution. Medicine 94(7):e53.

34. Xia L., T. Xu, X. Wang, et al. 2016. Robot assisted laparoscopic resection of large‐

retroperitoneal paraganglioma–initial experience from China. The International Journal

of Medical Robotics and Computer Assisted Surgery 12(4):686-693. 

35. Xu W., H. Li, Z. Ji, et al. 2015. Transumbilical laparoendoscopic single site surgery‐

versus  conventional  laparoscopy for  the resection of retroperitoneal  paragangliomas.

International Journal of Urology 22(9):844-849. 

36. Mete O., A. S. Tischler, R. De Krijger, et al. 2014. Protocol for the examination of

specimens from patients with pheochromocytomas and extra-adrenal paragangliomas.

Archives of Pathology and Laboratory Medicine 138(2):182-188. 

37. Weissferdt A., A. Phan, S. Suster, C. A. Moran. 2014. Adrenocortical carcinoma: a

comprehensive  immunohistochemical  study  of  40  cases.  Applied

Immunohistochemistry & Molecular Morphology 22(1):24-30.

38.  Duregon  E.,  M.  Volante,  E.  Bollito,  et  al.  2015.  Pitfalls  in  the  diagnosis  of

adrenocortical  tumors:  a  lesson  from  300  consultation  cases.  Human  Pathology

46(12):1799-1807. 

39. Grossrubatscher E., P. Dalino, F. Vignati, et al. 2006. The role of chromogranin A in

the  management  of  patients  with  phaeochromocytoma.  Clinical  Endocrinology

65(3):287-293. 

40. Boedeker C. C., E. F. Hensen, H. P. Neumann, et al. 2014. Genetics of hereditary

head and neck paragangliomas. Head & Neck 36(6):907-916. 



41.  Feng  C.,  H.  Z.  Li,  W.-G.  Yan,  et  al.  2007.  The  significance  of  Ki-67  antigen

expression  in  the  distinction  between  benign  and  malignant  pheochromocytomas.

Zhonghua Wai Ke Za Zhi [Chinese Journal of Surgery] 45(24):1697-1700.

42.  Thompson  L.  D.  2002.  Pheochromocytoma  of  the  Adrenal  gland  Scaled  Score

(PASS)  to  separate  benign  from  malignant  neoplasms:  a  clinicopathologic  and

immunophenotypic study of 100 cases. The American Journal of Surgical Pathology

26(5):551-566.

43. Kim, K.Y., J. H. Kim, A. R. Hong, et al. 2016. Disentangling of malignancy from

benign pheochromocytomas/paragangliomas. PloS one 11(12): e0168413. 

44. Harari A., W. B. Inabnet III. 2011. Malignant pheochromocytoma: a review. The

American Journal of Surgery 201(5):700-708. 

45.  Korevaar  T.  I.,  and  A.  B.  Grossman.  2011.  Pheochromocytomas  and

paragangliomas: assessment of malignant potential. Endocrine 40(3):354-365. 



Figure Legends

Figure 1. Abdominal ultrasonography image

A 56 × 43-mm hypoechoic tumor with a smooth margin, internal heterogeneity, and no

blood flow signal at the posterior wall of the gastric corpus and tail of the pancreas.

Figure 2. Abdominal contrast-enhanced computed tomography images

A 56.7 × 37.9 × 54.7 mm between the posterior wall of the gastric corpus and the right

margin of the abdominal aorta (red arrows).

Figure 3. Abdominal contrast-enhanced magnetic resonance images

Low  signal  on  T1-weighted  imaging,  faint  and  heterogenous  high  signal  on  T2-

weighted imaging, and faint high signal on diffusion-weighted images

T1-weighted imaging

Fat-suppressed T2-weighted imaging

Diffusion-weighted images

Figure 4. Endoscopic ultrasound image

A 47.3 × 31.3-mm hypoechoic tumor at  the posterior wall  of the middle part  of the

gastric corpus. It is suspected to be derived from the muscular layer of the fourth layer

of the gastric wall (red arrow).

Figure 5. Surgical findings

The pancreas were tunneled and lifted; the tumor and the retroperitoneum were then

exfoliated.

Figure 6. Surgical findings

Feeding vessels flow from the left gastric artery toward the tumor (red arrow).

Figure 7. Macroscopic findings

A round tumor  with  capsule  with  a  clear  boundary  was  observed,  and  no  necrosis

existed on the cut surface. Moreover, yellow consolidation was observed.

Figure 8. Histopathological findings

Supporting tissues and capillaries were observed around the pleomorphic tumor cells

and alveolar aggregates, exhibiting a Zellballen pattern.



Figure 9. Immunohistochemistry staining

S-100 (＋)

Synaptophysin (＋)

Chromogranin A (＋)
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