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Abstract

Background: Ganglion cell paraganglioma is a subtype of neuroendocrine tumors, which is rare in clinical practice. Paraganglioma in the
spinal area, especially in the spinal canal, is even rarer.

Case presentation:The case we reported was a 46-year-old female who was admitted to the hospital due to "physical examination found a
mass in the lumbar spinal canal for more than 2 months." After admission, the relevant examinations and preoperative preparations were
perfected, and the posterior L2-3 spinal mass resection + spinal decompression + nail rod system internal fixation was performed. The
patient recovered well after the operation, and there was no tumor recurrence in follow-up.

Conclusions:Surgical treatment assisted by MRI neuroimaging and 3D printing reconstruction technology may be an effective way to treat
paraganglioma in the lumbar spinal canal.

1 Background

Gangliocytic paraganglioma (gangliocytic paraganglioma) belongs to the neuroendocrine tumor subtype and is clinically rare.
Paraganglioma is a tumor that originates in the neuroectoderm and mainly occurs in the adrenal medulla. Approximately those occurring
outside the adrenal gland 10%, it is rare in the spine and spinal canall'l. At present, there are few reports in the literature, with more than 200
cases reported abroad!?), and only more than 20 cases reported in China. Paraganglioma in the spinal canal (especially paraganglioma in
the lumbar spinal canal) is mainly manifested as symptoms related to nerve compression, which is often misdiagnosed as a herniated disc
in clinical practice. We reported a case of paraganglioma in the lumbar spinal canal, combined with relevant literature reports to summarize
and analyze this type of case, and then improve the understanding of this disease.

2 Case Presentation
2.1 Introduction to medical records

The patient, female, 46 years old, came to our hospital on February 26,2019 due to "physical examination found a mass in the lumbar
spinal canal for more than 2 months". The patient went to the "First Affiliated Hospital of Kunming Medical University" in December 2018,
and found a mass in the lumbar spinal canal, occasional touch of the left lower extremity, no pain, and no mobility disorders. The patient
was admitted to our hospital for further diagnosis and treatment. There is no history of hypertension, no history of exposure to tuberculosis,
and no family history of tumors. Physical examination: Physiological curvature of the spine exists, no scoliosis deformity, no tenderness, no
percussive pain in the spinous process of cervical, thoracic and lumbar vertebrae, no percussion pain, lumbar spine movement, no obvious
abnormalities in muscle strength and muscle tension of both lower limbs, and physiological reflexes exist. Pathological reflex is not elicited.
DR showed that the density of the soft tissue around the L2 and L2/3 intervertebral space was increased. It is recommended that the lumbar
spine be combined with MRI (Fig. 1A, 1B). MRI showed: L2/3 intervertebral disc level intravertebral canal extramedullary intradural round
nodules, clear boundaries, size about 1.6cm x 1.5cm x 2.0 cm, T1 is slightly longer T2 signal, enhanced scan is significantly enhanced, and
the final The filaments are closely related, and the neuroimaging shows better. Consider neurogenic tumors, please combine with the clinical;
2. The shape, structure and signal of the remaining spinal cord are not abnormal; 3. The proximal nerve roots on both sides of the neck,
thorax and lumbar are small nodules, Small cystic enlargement changes, long T1 long T2 signal, no obvious enhancement in enhanced
scan, observation on neuroimaging images is clearer and more intuitive, the nerve root runs distally, and the shape is not obvious. Consider
multiple nerve root sheath cysts. (Fig. 1D-G). The preoperative NSE value was 17.51 ug/L1 (reference range is 0-16.3 pg/L), and other
laboratory tests showed no abnormalities.

2.2 Admission to hospital

After admission, complete various preoperative examinations. Under general anesthesia, "L2 and 3 laminectomy decompression + spinal
mass removal + nail rod system internal fixation", L2 and 3 segments can be seen after L2 and 3 lamina The dural sac is full. After opening
the dura, a mass about 2.0cm x 2.0cm x 1.5 cm can be seen. The envelope is intact, dark red, and the surface is smooth. The tumor is
connected to the terminal filaments. The superficial part of the tumor is connected to the cauda equina Nerve adhesions are mild, the
boundary between the tumor and the dural sac is clear, the adhesions are carefully separated, and the tumor is completely removed when
the nerve terminal filaments are disconnected. Carefully stop the bleeding and suture the dura mater. The internal fixation system is installed
in the conventional L2 and 3 segments, drainage tube is placed, and suture is layer by layer. On the 7th day, he recovered and was
discharged.

2.3 Postoperative pathology and review
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Postoperative pathological examination showed that the epithelioid cells constitute the tumor parenchyma, the cell morphology is uniform,
the cytoplasm is abundant, the nucleolus is not obvious, the mitoses are rare, and the arrangement is acinar; the interstitial is sinusoidal and
a little fibrous (Fig. 3A). Immunohistochemistry showed that the tumor cells were strongly positive for CgA, NSE, and Syn (Fig. 3BCD).
Pathological diagnosis: Paraganglioma in L2 and 3 spinal canal. Postoperative DR showed that the physiological curvature of the lumbar
spine became flat, and the lumbar 1-3 vertebral and paravertebral metal internal fixation were in normal position (Fig. 2C-F). The
postoperative function recovered well, and no tumor recurrence was found in the 14-month follow-up.

3 Literature Review

In order to review the cases of paraganglioma in the spinal canal at home and abroad, we use the keywords “spinal cannal' and
‘paraganglioma’ to search for cases in Medline for nearly 40 years. Using this strategy, we found 26 articles and 47 cases were reported. The
reported case and the age of onset, location, clinical characteristics and follow-up of this case are summarized in Table 1.
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Table 1
Literature review of intraspinal paraganglioma

References Sex Age(year) Disease  Benign / Clinical Surgery Publishtime
site Malignant  symptoms
Onset Diagnosis Complication

Zhang NM 25 25 Ly_4 Benign Backpainl NM NM 2016

Qian ying Radiation pain

et al Bl

Han M <54 59 L2-3 Benign Backpainl TR NM 2012

Songbo et Radiation pain

al.4

Zhou M <31 31 T11-L1 Malignant  Backpainl TR Paralysis 2017

Guomin.l Numbness

Zhang

zhao et al.

6]

Case 1 F <41 42 L4 Benign lumbago TR NM 2019

Case 2 M X35 35 L2-3 Benign lumbagol TR NM 2019
Numbness

Zhang

Lihua et al.

7]

Casel NM  NM NM T12-L1 Benign lumbagol NM NM 2007-2015
Radiation pain

Case2 NM  NM NM L2 Benign lumbagol NM NM 2007-2015
Radiation pain

Case3 NM  NM NM L3-4 Benign lumbagol NM NM 2007-2015
Radiation pain

Case4 NM  NM NM L3 Benign lumbagol NM NM 2007-2015
Radiation pain

Case5 NM NM NM L3 Benign lumbagol NM NM 2007-2015
Radiation pain

Caseb NM  NM NM L3 Benign lumbagol NM NM 2007-2015
Radiation pain

Case?7 NM  NM NM S1 Benign lumbagol NM NM 2007-2015
Radiation pain

Case8 NM  NM NM T6 Malignant lumbagol NM NM 2007-2015
Radiation pain

Case9 NM NM NM T6-7 Metastasis  lumbagol NM NM 2007-2015
Radiation pain

Casel0 NM NM NM L2 Benign lumbagol NM NM 2007-2015
Radiation pain

Casel1 NM NM NM S1-2 Metastasis  lumbagol NM NM 2007-2015
Radiation pain

Tang M <49 51 L2-3 Benign Numbness TR urinary 2016

jianwei et incontinence

al.el

Wang

tieyan et

al.!

Case 1 F <29 29 L2-3 Benign lumbagol TR No 2008
Mobility
disorder
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References

Case 2

Wang yin
et al.l0]

Cheng

anyuan et
a1l

Dai
zhehao et
a|[12]

Hu xueyi et
all3l

Chu
Meihua et
al14l

Feng Yanqi
etall18l
Han

yunfeng et
al.lel

Case 1
Case 2
Case 3
Case 4

Lu
hongsheng

etall7]

Case 1

Case 2
Case 3

Case 4
Case 5

Ren qi et
al.l8l

Case 1

Case 2

Wang
Junhong

et al.l19]

Zhao jian
et al.120]

Sex

-

< ™

Age(year)

Onset
<32
<50

<29

<50

<50

<75

Diagnosis
39
54

30

16

51

50

75

43
62
59
73

58

64
77

20
50

64

50
36

Disease
site

T12-L3
L1

T12-L1

T6-7

L4-5

L3-4

L2-3

L2-3
T12-13
L2-3
S1

cauda
equina

C4-6
L3-4

L1-2
L1-2

L2-3

L2
T2

Benign /
Malignant

Benign

Benign

Benign

Benign

Benign

Benign

Benign

Clinical
symptoms

Surgery

lumbago TR

Lumbagol TR
Weakness

Lumbagol TR
Weakness

Paraplegia TR

lumbagol TR
Radiation pain

lumbago TR

Lumbagoll TR
Numbness

Pain

Numbness
Lumbagol
Mobility
disorderi
hypertension
Paraplegia

Lumbago

Painlurinary
incontinence

Lumbago

Paraplegia Biopsy
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Complication
No
NM

No

NM

NM

NM

No

NM
NM
NM
NM

NM

NM
NM

NM
NM

NM

NM
NM

Publishtime

2013

2005

2005

2006

2015

2014

2013

2017

2000-2004

2000-2004
2000-2004

2000-2004
2000-2004

2015

2016
1980




References Sex Age(year) Disease  Benign/ Clinical Surgery Publishtime
site Malignant  symptoms
Onset Diagnosis Complication
Case 1 M 43 cauda lumbagol TR NM 2007
equina Radiation pain
Case 2 F 49 L3-4 lumbago TR NM 2007
Wang ZH M 36 L1 electrical pain NM 2018
et al[21] in the waist and
buttock
Gusmao M 26 T10 Paraplegia NM 2009
MS et al.
[22]
Alexander F 34 T6-7 Paraplegia TR NM 2017
Reddy et
al.23l
Shuzhong M 14 T4 malignant  elevated blood Partial NM 2018
Liu et al. pressure and resection
[24] back pain
Alexander F 16 L1 malignant cramp like pain Chemotherapy NM 2011
Richter et in the right Jradiotherapy
al 28] lower abdomen  and resection
Stowinski F 46 L3 Benign a right-sided NM NM 2005
J et al. [26] lumboischialgia
Houten JK M 41 T1 malignant Paraplegia NM NM 2002
et al.l27]
Castel JP M 68 cauda Benign urinary NM NM 1995
et al.[28 equina retention
4 Discussion

Paragangliiocytoma originates from sympathetic nerve sheath cells, 85%~90% occurs in the adrenal gland, about 10% occurs outside the
adrenal gland, such as carotid body, jugular bulb, heart, retroperitoneum, bladder, hepatic portal, thoracic cavity[zs‘zg], Pick named
pheochromocytoma that occurred in the adrenal gland in 1912, and named paraganglioma that occurred outside the adrenal gland. There
are no accessory ganglia in the normal spinal canal and vertebral body, so the paraganglioma in the spinal canal and vertebral body is very
rare, the incidence is about 0.07/1,000,000. The origin of paraganglioma in the spine has not been determined. Some scholars believe that it
originated from the sympathetic cells of the lateral spinal cord of the thoracolumbar segment or the ectopic sympathetic trunk branches3%,
which mainly occurred in the dura mater of the spinal canal. It is rare to occur in the epidural. Paraganglioma can synthesize, store, and
secrete catecholamines. Some tumors have neuroendocrine function. Few cases that occur in the spinal area are accompanied by
neuroendocrine function. There are reports in the literature that may be associated with hypertensionl3'!, most of which are concentrated in
In the lumbosacral area, cauda equina, and terminal filaments in the spinal canaI[32‘33], and non-functional tumors account for the vast
majority. The prevalence of this disease is about 50 years old. Because most tumors have no functional lesions, non-specific symptoms
caused by tumor compression are the first symptoms in clinical practice. Therefore, the misdiagnosis rate and missed diagnosis rate of this
disease are extremely high.

MRI is currently the best examination method for the diagnosis of paraganglioma in the spinal canall®4l. It is mainly manifested as soft
tissue masses with clear boundaries, T1TWI and other signals, T2WI high signals, abundant internal nourishing blood vessels, and a few
tumors have spotted hemorrhage, The tumor is obviously strengthened on the enhanced scan, and there are often thick "empty blood
vessels" around it, and the enhanced scan shows vascular-like enhancement. Mainly differential diagnosis with neurogenic tumors in the
spinal canal, epidermoid cysts in the spinal canal and other rare diseases[35-3¢l. Hemosiderin deposits can be seen at the edge of the tumor,
which is helpful to prompt diagnosis. Hemosiderin deposits are mainly seen in vascular-rich lesions®7]. Preoperative MRI neuroimaging and
3D reconstruction in this patient have important guiding significance for the diagnosis of tumor, the formulation of surgical plan and the
recovery of postoperative nerve function.
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Pathological examination is the only way to diagnose paraganglioma. The tumor’'s main cells are uniform in size, round or almost round,
with nuclei located in the center, chromatin punctiform, thinner, and nucleoli are usually inconspicuous. They are distributed in nests and
look normal. Paraganglia: Sertoli cells arranged in a single layer around the nest, fusiform or cylindrical, sometimes difficult to identify under
light microscope. The nested principal cell and surrounding supporting cells constitute a typical "Zellballen” structurel2™:
Immunohistochemistry is mainly used to distinguish it from other neuroendocrine tumors. Chromaffin A (CgA), synapse protein (Syn),
neuron-specific enolase (NSE), S-100 protein, glial fibrillary acidic protein (GFAP) and keratin (CK), etc. To a certain degree of diagnostic
significance, the expression of Syn, CgA, and NSE among these indicators in this patient was positive.

Total surgical resection is the first choice for treatment of paraganglioma in the spinal canal, and most patients have a good prognosis. The
surgery uses the posterior median approach of the vertebral body segment where the tumor is located, and the lamina and dura must be
opened. Paraganglioma is located in the subdural epimedullary, mostly closely related to nerve tissue, and has abundant blood supply [38l.
Paraganglioma has a rich blood supply and shares a large and deformed blood supply vessel with the conus medullaris. Disconnection of
this blood vessel may cause abnormal blood supply to the conus medullal#2]. It is often seen in literature reports that patients have
complications such as urinary incontinence after surgery. The possible reasons are not only the damage of the cauda equina during the
operation, but also the influence of the blood supply of the conus medullarius after the vessel is broken. Therefore, the blood supply artery
should be blocked during surgical resection. In order to reduce bleeding and reduce the tumor volume; the priority is to separate the tumor
from the adhering nerve roots, if the nerve roots cannot be separated, then perform a total resection; then strictly stop the bleeding, close the
dura mater, and fix the lamina.

Paraganglioma in the spinal canal is a benign tumor, but there are still a few reports of malignant metastasis of the tumor after surgery[3°.
Surgery may have a curative effect, but the spread of the tumor limits the chance of radical resection #1. A small number of tumors that
cannot be completely removed may have cerebrospinal fluid dissemination and metastasis. For patients whose tumors are not completely
removed, reoperation and combined treatment with radiotherapy and chemotherapy are feasiblel33l. According to reports, there are still a few
reports that pathological examinations cannot determine the benign and malignant tumors, so long-term follow-up is very important for the
prognosis of patients“?l. This patient underwent complete tumor resection during the operation. Thanks to preoperative neuroimaging and
3D reconstruction technology, no important nerves were injured during the operation. The patient’s neurological function recovered well after
the operation. The postoperative patient needs to review B-ultrasound, DR, CT, etc. regularly. To better assess the local recurrence. The
patient has been followed up for 1 year and 7 months with good internal fixation and no signs of tumor recurrence and metastasis. The
follow-up is still ongoing.

Although neuroendocrine markers such as CgA, Syn, S-100 protein, NSE positive and epithelial-derived markers such as CK, EMA and other
negative are helpful to distinguish ependymoma, schwannoma, meningioma, chordoma, etc. Pathological examination is still difficult to
judge the benign and malignant tumors. It should be judged according to its biological behavior. If lymph node metastasis or/and distant
metastasis occurs, it can be considered as malignant paraganglioma. Therefore, long-term follow-up is of great significance in determining
the prognosis of patients.

5 Conclusion

Paraganglioma of the spine is a subtype of neuroendocrine tumors and is clinically rare. Because most tumors have no functional lesions,
non-specific symptoms caused by tumor compression are the first symptoms in clinical practice. Therefore, the misdiagnosis rate and
missed diagnosis rate of this disease are extremely high. high. This patient was found in a physical examination. After admission, he was
actively improved relevant examinations, performed MRI neuroimaging and 3D printing reconstruction technology, formulated a complete
surgical treatment plan before the operation, carefully protected the nerves during the operation, and the patient's tumor was completely
removed during the operation, Postoperative neurological function recovered well, and no tumor recurrence was found in follow-up
examination.

Abbreviations

F
female; M:male; NM:not mentioned; TR:total resection

Declarations

6 Informed Consent Publishing

Page 7/11



The patient and family members agreed that the case was reported and signed an informed consent form. The scanned copy of the
informed consent form can be sent to the publishing house.

8 Conflict of interest
The authors declare that they have no competing interests.
9 Author’ contributions

Ya Zhang and Donggqi Li ,Zunxian Tan collected the data of the case, reviewed the literature, and drafted the manuscripts. Lijuan Ye,Kecheng
Li, Qiuyun chen andYan liu help to collect the data of the case and pathological pictures as well as modifying the manuscripts. Zuozhang
Yang, Cao Wang, and Yihao Yang carried out the operation. Zuozhang Yang and Tiying Wang revised the manuscript. Kun Li and Xinchao
Yu,Yanan Zhu,Jiaxiang Chen collected the Imaging data. All authors read and approved the final manuscript.

10 Acknowledgements

This work was supported by the National Science Foundation of China (No. U1702283, 81972764, 81960488, 81760520, 81560471), the
Joint Special Funds for the Department of Science and Technology of Yunnan Province-Kunming Medical University (No. 2017FE467-073,
2018FE001-060, 2019FE001-152, 2019FE001-078,2019FE001-077,2019FE001-238,2019FE001-074), the Scientific Research Projects of
Internal Research Institutions of Medicine (Nos. 2017NS196, 2017NS197, 2018NS069, 2018NS070), the Medical Leaders of Yunnan
Province (No. D-201603), the Foundation of the Young and Middle-aged Academic and Technical Leaders of Yunnan Province (No.
2017HB051), Training program for 100 Young and middle-aged Academic and technical backbones of Kunming Medical University and the
Major Scientific and Technological Achievement Cultivation Project of Kunming Medical University (No. CGPY201703).

11 Availability of data and materials
Data will be available upon request to the first author Ya Zhang.
12 Ethical approval

Ethical approval was not involved in this study.

References

1. Victoria L, Martucci PKPheochromocytoma and Paraganglioma: Diagnosis, Geneics, Management,and Treatment.Curr Probl
Cancer,2014;38:7-41.doi:10.1016/j.currproblcancer. 2014.01.001.

2. Yoichiro O, Emi Y, Masaki S, Kota W, Kae K, Yoichi K, et al .Diagnosis,pathological findings, and clinical management of gangliocytic
paraganglioma: a systemic review.Front oncol,2018;8:291.d0i:10.3389/fonc.2018.00291.

3. Zhang Q. Liu Xu hong, Li Jia jia. MRI diagnosis of paraganglioma in vertebral canal: case report. Chin J Magn Reson Imaging.
2016;7(9):697-9.

4. Han Songbo L, Minmin L, Minchen M, Yonggiang S, Hongquan Lu, Minmin, et al. MRI diagnosis of paragangioma in vertebral
canal:case report. Chin J Med Imaging Technol. 2012;7(28):1344.

5. Zhou Guomin. A case of malignant paraganglioma. Biped disease. 2017;12(24):106-7.

6. Zhang Zhao LQingya,Yan, Xiaochu Z. Huarong. Clinicopathological analysis of two cases of rare spinal canal paraganglioma. The
Journal of Chinese Clinicians. 2019;12.

7.Zhang L, Huishu LYan,Y. Imaging findings of paraganglioma in the spinal region. Journal of Clinical Radiology. 2016;35(12):1866—70.
8. Tang Jianwei L. Aimin. Cauda equina ganglia: a case report and literature review. Chongging Medical Journal. 2018;47(25):3344-48.

9. Wang T. Zhu Ruijuan,Tang Xianbin,Gong Xiaohong,Li Anrong,Li Honghua. Paraganglioma of the cauda equina: 2 cases report. Chinese
Journal of Spine Spinal Cord. 2015;25(11):1045-7.

10. Wang Yingying Y, Jianzhu W, Xiaomei W. Xiaomeng. Intraspinal paraganglioma misdiagnosed as meningiomas: a case report. Journal
of Hebei Medical University. 2005;11:457-8.

11. Cheng Anyuan LW, Tian, Xiaoyun N, Zhigiang. A case report of paraganglioma in thoracolumbar spinal canal. Chin J Orthop.
2006;11(26):738.

12. Dai Zhehao Lu, Guohua. Kang Yijun.Paraganglioma of the thoracic spine: a case report. Chinese Journal of Spine Spinal Cord.
2013;23(7):669.

Page 8/11



13.

14
15
16

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hu Xueyu,Huang Peipei,Yang Zhiwei,Ye Bin,Pan Dongsheng,Liang Zhuowen,et al. Intralumbar spinal paraganglioma: a case report.
Orthopedic Journal of China.2016;24(1):87-90.

. Chu Meihua L, Jin L, Zonghui. A case of paraganglioma in lumbar spinal canal. Radiol practice. 2014;10.29(10):1242-3.
. Feng Y. Ma Junming,Mo Wen,Ye Jie,Tong Zhengyi. A case of paraganglioma in lumbar spinal canal. J Spinal Surg. 2013;6.11(3):191-2.

. Han, Yunfeng. Wang Zhenyu.The diagnosis and treatment of spinal paraganglioma. Chinese Journal of Spine Spinal Cord.

2014;24(11):1047-9.

Lu H. Zhou Zhiyi,Shi Qunli,Zhou Xiaojun,Ma Henghui,Lu Zhenfeng. Clinicopathological characteristics of spinal canal paraganglioma. J
Clin Exp Pathol. 2006;4.22(2):197-200.

Ren Qi C, Jingliang Z, Yong W, Weijian M, Wei. Two cases of spinal canal terminal filament paraganglioma in spinal canal. Journal of
Clinical Radiology. 2018;37(1):172-3.

Wang, Junhong. Jiang Zhaohou. One case report of spinal pheochromocytoma. Guangzhou Medicine.1986;172.

Zhao Yanjian Z, Yanjin G, Zhiping L, Shiling S, Yingcai Z. Zhenjiang. Imaging diagnosis of paravertebral and spinal canal
paraganglioma. Journal of Clinical Radiology. 2007;26(6):634-6.

Wang ZH, Wang YT, Cheng F, Hu Y. Pathological features of paraganglioma in the lumbar spinal canal:A case report. MedicineBaltimore.
2018;97(41):e12586.

Mauricio Santos, Gusmao, Eduardo Gil Franga Gomes, Rony Brito Fernandes, Djalma Castro de Amorim Junior, Marcus Thadeu
Venancio Simoes, Joilda Fontes Gomes, et al. Paraganglioma in the spine: case report. Rev Bras Ortop.2012; 47 (2): 263~
266.doi:10.1016/S2255-4971(15)30098-7.

Alexander Reddy,Fanny Morén. Primary extradural paraganglioma of the thoracic spine: A case report. J Radiol Case Rep.
2017;11(12):1-7.10.3941/jrcr.v11i12.3122. doi.

Shuzhong L,Xi Zhou,An Song,Zhen Huo,William A, Li, et al. Surgical treatment of malignant paraganglioma with spinal invasion in a
juvenile patient. Medicine (Baltimore).2019; 98(39): €17145.do/:10.1097/MD.0000000000017145.

Alexander Richter HF, Halm TL. Liljenqvist,Markus Quante. Long-term follow-up after en bloc resection and reconstruction of a solitary
paraganglioma metastasis in the first lumbar vertebral body: a case report. J Med Case Reports. 2011;5:45. 10.1186/1752-1947-5-45.
doi.

Stowinski J, Stomal M, Bierzyriska-Macyszyn G, Swider K. Paraganglioma of the lumbar spinal canal - case report. Folia Neuropathol.
2005;43(2):119-22.

. Houten JK. Babu RPMiller DC.Thoracic paraganglioma presenting with spinal cord compression and metastases. J Spinal Disord Tech.

2002;15(4):319-23. 10.1097/00024720-200208000-00010. doi.

Castel JR, Cuny E, Boulan P, Vital C. Paraganglioma of the cauda equina. Clinical aspects and MRI. Apropos of a case. Neurochirurgie.
1995;41(2):112-5.

Birchler MT, Landau K, Went PT, Stoeckli SJ.Paraganglioma of the cervical sympathetic trunk.Ann Otol Rhonol
Laryngol,2002;111:1087-1091.doi10.1016/S0165-5876(02)00278-1.

Boedeker CC.Paraganglioma and paraganglioma syndromes.GMS Current Topics in otorhinolaryngology-Head and neck
surgery,2011,10:1-26.

Sundgren P, Annertz M, Englund E, StrMblad LG. Holts.paragangliomas of the spinal cannal.Neuroradiology,1994;41: 788—
794.doi:10.1007/s002340050843.

Alberto, Mazza. Michela Armigliato1,Maria Cristina Marzola,Laura Schiavon,Domenico Montemurro,Giorgio Vescovo et al.Anti-
hypertensive treatment in pheochromocytoma and paraganglioma:current management and. therapeutic featuresEndocrine.
2014;45:469-78. 10.1007/s12020-013-0007-y. doi.

Chen LJ. Du GH,Mao Y.Clinical characteristics of lumbar intraspinal paragangliomas. Chin J Minimally Invasive Neurosurg.
2010;15(10):462-4.

Wang JM, Zhao HG, Yang CX, Dai SH. Application value of MRI in the diagnosis of intraspinal neurogenic tumors. J Pract Med Imaging.
2012;13(3):140-2.

Wang PY, Wang X,ChenL, Wang XXia JK,Wang B. The MRI diagnosis and clinical study of intraspinal epidermoid cys. Chin J Magn
Reson Imaging. 2015;6(9):663-8.

Han Z, Ma J, Xiao FL,Feng QX. Imaging feature of intraspinal primary Rosai-Dorfman disease on magnetic resonance imaging: a report
of four cases. Chin J Magn Reson Imaging. 2015;6(3):204-7.

Blake MA Kalra MK,Maher MM.Pheochromocytoma,an imaging chameleon.RadioGraphics.2004;24:S87-S99.

Page 9/11



38. Dillard-Cannon E, Atsina KB, Ghobrial G. Atsina,George Ghobrialet al.Lumbar paraganglioma. Jo Clin Neurosci. 2016;30:149-51.
10.1016/j.jocn.2016.01.019. doi.

39. Lau D, La Marca F, Camelo-Piragua S Park P.Metastatic paraganglioma of the spine: case report and review of the literature.Clinical
Neurology Neurosurgery.2013;115(9):1571-1574.d0i:10.1016/j.clineuro.2013.01.006.

40. Yang C, Li GFang J,Wu L, Yang T, Deng X,et al.Clinical characteristics and surgical outcomes of primary spinal
paragangliomas.Neurooncol.2015;122(3):539-547.do:10.1007/s11060-015-1742-0.

41. Maran llanchezhian A, Jha K, Pacak. Jaydira Del Rivero. Emerging Treatments for Advanced/Metastatic Pheochromocytoma and
Paraganglioma.Curr. Treat. Options in Oncol. 2020;21:85. 10.1007/s11864-020-00787-z. doi.

42. Undabeitia-Huertas J, Noboa,R R, Jové M, Boix,P Nogues.Cauda equina syndrome caused by paraganglioma of the filum
therminale.Anales Del Sistema Sanitario De Navarra.2013;36(2): doi:347.10.4321/S1137-66272013000200021.

Figures

Figure 1

A, B: preoperative X-ray of the patient; C: 3D printing three-dimensional reconstruction showing the relationship between the tumor and the
surrounding spinal cord and blood vessels; D, E, F: magnetic resonance neuroimaging showing the spinal canal stiffness at the 2/3 level of
the waist The submembrane nodules show long T1 and long T2 signals, with clear borders, and seem to be connected to the terminal
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filaments. After enhancement, they are uniformly strengthened, and the spinal artery can be seen to participate in the blood supply of the
tumor NMPreoperatlve DR, CT, MR];

Figure 2

A: Intraoperative exploration revealed that the tumor capsule is intact, dark red, smooth surface, the tumor is connected to the terminal
filament, and the superficial part of the ventral side of the tumor is slightly adhered to the cauda equina nerve; B: the gross tumor specimen
is removed C, D: X-ray review after operatlon E, F CTi |mage rewew after operatlon mlntraoperatlve ﬂndlngs and postoperatlve DR, CT;

i - s : - . .

Figure 3

A: HE staining showed that the epithelioid cells constitute the tumor parenchyma, the cell morphology is uniform, the cytoplasm is more, the
nucleolus is not obvious, the mitoses are rare, and the arrangement is acinar; the interstitial is sinusoidal and a little fibrous; B: CgA
immunohistochemical results showed strong positive; C: NSE immunohistochemical results showed strong positive; D: Syn
immunohistochemical results showed strong positive; E: Ki67 immunohistochemical expression was positive (about 5%) ; F: CK
immunohistochemistry result showed negative; G: CD34 immunohistochemistry result showed negative; H: S-100 immunohistochemistry
result showed negative. K3lPostoperative pathological pictures
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