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BACKGROUND
[bookmark: OLE_LINK1455][bookmark: OLE_LINK1456]Transcatheter arterial chemoembolization (TACE) is a common treatment for inoperable malignant renal tumors. However, a series of complications may follow the TACE treatment. Spinal cord injury caused by the embolization of intercostal or lumbar arteries is extremely rare. 

CASE SUMMARY
We describe a case with quite uncommon spinal cord injury after TACE in a 3-year-old child with clear cell sarcoma of the kidney. Sensory impairment beneath the T10 dermatomes and paraplegia on the day after TACE were found in this patient. Unfortunately, sustained paraplegia still existed for more than 2 mo after TACE despite the large dose of steroids and supportive therapy.

CONCLUSION
We should draw attention to an uncommon complication of paraplegia after TACE treatment in malignant renal tumors. Although it is rare, the result is disastrous.
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[bookmark: OLE_LINK1458][bookmark: OLE_LINK1459]Core tip: Transcatheter arterial chemoembolization is a common treatment for inoperable malignant hepatic and renal tumors in adult patients, however, it is rarely applied in pediatric patients. A series of complications may follow the transcatheter arterial chemoembolization treatment. Spinal cord injury caused by the embolization of intercostal or lumbar arteries is extremely rare. 


INTRODUCTION
[bookmark: OLE_LINK1460][bookmark: OLE_LINK1461][bookmark: OLE_LINK1462][bookmark: OLE_LINK1463]Clear cell sarcoma of the kidney (CCSK), one of the malignant kidney neoplasms (2%-5% of primary kidney neoplasms in children), mostly occurs in children younger than 3 years old[1]. Compared to Wilms tumor, CCSK is more aggressive and poorly prognostic[2]. Once diagnosed, it is at an advanced stage and tends to metastasize to the bone and lung. Transcatheter arterial chemoembolization (TACE) is a relatively safe procedure applied in confining malignant tumors and treating unresectable hepatic cell carcinoma in adult patients. In the treatment of advanced Wilms tumor and CCSK, systemic chemotherapy combined with preoperative chemoembolization shows a better outcome than systemic chemotherapy[3]. The common complications of TACE are fever, bone marrow depression, vomiting, nausea, alopecia, and renal and hepatic failure. More serious complications have also been reported in untargeted embolism, such as tumor rupture, cholecystitis, splenic infarction, hepatic infarction, liver abscesses, and cerebral and pulmonary embolism[4]. Spinal cord injury rarely occurred after TACE, however, the outcomes are always disastrous, such as paraplegia. We present a case with paraplegia after TACE treatment of CCSK in a child via the right renal artery. To date, only four pieces of literature are reporting the embolic injury of the spinal cord in adult patients with hepatocellular carcinoma after TACE with iodized oil[5-8] (Table 1), however, no children cases have been presented. Here, we share our experience with spinal cord injury in a child with CCSK after TACE with a minireview of the literature.

[bookmark: _Hlk15897342]CASE PRESENTATION
Chief complaints
A 3-year-old male child was diagnosed with CCSK approximately 1 mo prior by pathological examination after core needle aspiration biopsy. The child was admitted to our hospital because of CCSK for the 2nd TACE.

History of present illness
The patient’s symptoms were discovered one month prior and included abdominal distension without nausea, vomiting, fever, or hematuria. Core needle aspiration biopsy was carried out, and the pathological examination showed CCSK, a highly malignant renal tumor in children. TACE was performed after CCSK was diagnosed, along with a regimen of combined cisplatin (80 mg/m2), pirarubicin (40 mg/m2), vindesine (3 mg/m2), and lipiodol (5 mL). The adverse effects of this procedure were unremarkable except several days of mild fever, which was self-limited.

History of past illness
The patient had no previous medical history.

Personal and family history
The patient had no remarkable medical or family history.

Physical examination
Vital signs were as follows: Blood pressure of 96/52 mmHg, heart rate of 116 per minute, respiratory rate of 28 per minute, and body temperature of 36.7 °C. Except for a mass in the right upper abdomen, his physical examination was not remarkable. His blood pressure and heart rate were normal. He had no abnormal neurological symptoms or signs.

Laboratory examinations
Routine laboratory tests revealed no obvious elevation in the values of blood tumor markers.

Imaging examinations
An abdominal enhanced computed tomography scan showed a mass (95 mm × 110 mm × 160 mm) in the right kidney which was slightly enhanced in the dynamic phase (Figure 1).

Further management
[bookmark: _Hlk24624036][bookmark: _Hlk24624024]One day after admission, under general anesthesia, the patient received the 2nd TACE (Figure 2) of combined pirarubicin (40 mg/m2), cisplatin (80 mg/m2), vindesine (3 mg/m2), and 5 mL of iodized oil with gelfoam via the right renal artery. The patient experienced sudden paraplegia and loss of the somatosensory in the trunk under the level of the sternum and both lower extremities together with urinary retention and dyschezia after TACE. Magnetic resonance imaging of the spinal cord showed that the signal intensity of L1-L5 was increased in T2 weighted images (Figure 3). 

FINAL DIAGNOSIS
Based on the results of tumor biopsy, the diagnosis was CCSK and spinal cord injury resulting in paraplegia after TACE.

TREATMENT
The patient was treated with a consecutive high dose of methylprednisolone (10 mg/kg/d, iv) for 5 d and mecobalamin (0.5 mg, PO, QD), and rehabilitation activity.

OUTCOME AND FOLLOW-UP
The patient continued to suffer from paraplegia with urinary retention and dyschezia for more than 2 mo after TACE. His sensory impairment and voiding sensation gradually improved, but the motor strength did not recover at all.

DISCUSSION
TACE is a procedure widely applied for unresectable hepatic cell carcinoma in adult patients and significantly improves the evolution of interventional oncology therapy[9]. The combination of systemic chemotherapy and TACE in the context of pediatric renal malignancy can lead to massive tumor necrosis, clear up distant metastasis, improve the complete tumor resection rate, and obtain an excellent survival rate[3,10]. TACE has been reported to be associated with postembolization syndrome, such as pain, fever, nausea, fatigue, and elevated transaminases, which are usually self-limited[11]. The incidence of untargeted organ embolization, such as pulmonary oil embolism, splenic infarction, and gallbladder infarction, was found to be 4.6%[12]. Rare neurological complications associated with TACE, usually occur as a result of lipiodol embolism in the central nervous system[13]. Focal symptoms appear in the distribution area of the affected vessels, which can be confirmed by imaging studies. Spinal cord injury is quite uncommon after TACE. 
The spinal cord blood is mainly supplied by one anterior and two posterior spinal arteries that originate from the vertebral artery, providing blood to the 3/4 anterior and 1/4 posterior region of the spinal cord, respectively. The anterior spinal artery coincides with the anterior spinal artery of the carotid, intercostal, and lumbar arteries[14]. The left and right posterior spinal arteries are connected with the posterior radicular arteries, which also originate from the cervical artery, the posterior intercostal artery, and the spinal branches of the lumbar artery. Therefore, when the anterior spinal artery is embolized, the main ischemic injury occurs in the anterior 3/4 part of the spinal cord, including the anterior and lateral funiculus. Dysfunction mainly affects the motor system rather than the sensory system, which is more serious[7]. On the contrary, the ischemic injury in the posterior 1/4 area of the spinal cord is more likely to cause sensory impairment than motor dysfunction, and the symptoms are much milder than anterior spinal artery syndrome.
To date, there have been few reported cases of paraplegia after TACE performed via the phrenic artery or intercostal artery in adult hepatocellular carcinoma patients. In some cases, sensory dysfunction improves rapidly, but motor disorders do not fully recover, even for a few months. This reminds us that spinal cord injury is caused by anterior spinal artery infarction. On the contrary, during the intercostal artery or lumbar artery angiography, the posterior spinal artery was injured, and the sensory and motor functions of the patients recovered completely 2 mo later.
In these reported cases, collateral recanalization due to hepatic artery injury or previous reduction of TACE site blood flow resulted in neurological complications after TACE, which often occurred after the second or third treatment[15]. Few cases have been reported after renal artery embolization. Our patient had previously received TACE treatment of the right renal artery without any serious complications. The second TACE involved the right lumbar artery, which provides a partial blood supply to the tumor, and led to the complication. Due to arterial obstruction caused by arterial injury, through recurrence and recruitment to the spinal cord, lipiodol led to ischemia of the spinal cord. Our patient developed both lower extremity defects after surgery, which is related to numbness, retention of urine, and dyschezia. All of these symptoms can be attributed to lumbar spinal cord ischemia in the L1-L4 region. The sensory disturbance gradually recovered, but the motor dysfunction did not fully recover, even 2 mo after the injury. This suggests that spinal cord injury is caused by anterior spinal artery infarction.
[bookmark: OLE_LINK1468][bookmark: OLE_LINK1469][bookmark: OLE_LINK1470][bookmark: OLE_LINK1471]Therefore, a clear understanding of the details of the target artery and adjacent arteries before the TACE procedure is very important. Enhanced computed tomography angiography or magnetic resonance angiography must be performed preoperatively. Cone beam computed tomography and three-dimensional (3D) digital rotational angiography were also applied during the digital subtraction angiography procedure in some reports[16-20], and they can show clear artery details in 3D; thus, the arteries can be seen from appropriate angles, which can decrease the operation time, arterial injuries, and complications after the operation. Therefore, in complex cases with complex vascular anatomy, the use of 3D rotational angiography is helpful to reduce the risk of surgery or complications, and lead to a more effective focus location. Moreover, due to artery obstruction, the flow of lipiodol into unintended arteries will increase with high pressure. Applying 3D digital rotational angiography to TACE and using low pressure to infuse lipiodol will facilitate the procedure, make it convenient and fast to select the intended artery, and decrease the rate of poorly selecting arteries and the relevant complications caused by unintentional chemoembolization; additionally, this approach can decrease the rate of non-target organ infarction.

CONCLUSION
Spinal cord injury is a rare but serious complication after renal TACE. We should draw attention to the rare complication of paraplegia after TACE treatment in malignant renal tumors. Although it is rare, the result is disastrous.
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Figure Legends
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[bookmark: OLE_LINK1476][bookmark: OLE_LINK1477][bookmark: OLE_LINK1478]Figure 1 Abdominal computed tomography images showing a huge mass in the right kidney. A: Axial; B: Coronal; C: Saggital.
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Figure 2 Angiograms obtained after super-selective embolization with an emulsion of cisplatin, pirarubicin, vindesine and lipiodol and gelfoam.
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Figure 3 T1/T2-weighted sagittal images of the lumbar spines showing some increased intramedullary signal intensity around the L1-L5 level. T1WI: T1-weighted sagittal image; T2WI: T2-weighted sagittal image.
Table 1 Characteristics of cases of paraplegia after transcatheter artery chemoembolization
	Ref.
	Gender
	Age (yr)
	Cancer type
	TACE (No.)
	Selective artery 
	Sensory function
	Motor function

	[bookmark: OLE_LINK1482]Park et al[7]
	M
	57
	HCC with rib metastasis
	Several sessions 
	Right posterior intercostal artery
	Improved fairly
	Improved gradually 

	[bookmark: OLE_LINK1481]Bazine et al[5]
	F
	62
	HCC
	1st
	Hepatic artery

	Improved completely
	Unchanged

	[bookmark: OLE_LINK1483][bookmark: OLE_LINK1484]Tufail et al[8]
	M
	45
	HCC
	2nd
	Right hepatic artery
	Improved markedly
	Improved markedly

	Kim et al[6]
	M
	65
	HCC
	19th
	Hepatic artery and intercostal arteries
	Improved completely
	Unchanged

	
	M
	55
	HCC with rib metastasis
	6th
	
	Improved gradually
	Improved gradually

	Our case
	M
	3
	CCSK
	2nd
	Right renal artery
	Improved gradually
	Unchanged


M: Male; F: Female; HCC: Hepatocellular carcinoma; CCSK: Clear cell sarcoma of the kidney. 
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