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Abstract
BACKGROUND
Percutaneous kyphoplasty (PKP) is a pivotal intervention for osteoporotic fractures, pathological vertebral compression fractures, and vertebral bone tumors. Despite its efficacy, the procedure presents challenges, notably complications arising from intradural cement leakage. Timely and accurate diagnosis, coupled with emergent intervention is imperative to improve patient prognosis. This case report illuminates the intricacies and potential complications associated with PKP, emphasizing the critical need for vigilant monitoring, prompt diagnosis, and immediate intervention to mitigate adverse outcomes.

CASE SUMMARY
A 58-year-old male patient, experiencing a T7 osteoporosis-related pathological compression fracture, underwent PKP at a local hospital. Two weeks post-procedure, the patient developed paraplegic and dysuric symptoms, necessitating emergency decompression surgery. Gradual improvement was achieved, marked by the restoration of muscle strength, sensation, and mobility.

CONCLUSION
PKP Intradural cement leakage following PKP is unusual and potentially fatal. Prompt imaging examinations, urgent evaluation, and the decompression surgery are essential, which help alleviate symptoms associated with spinal damage, markedly improving the overall prognosis.

Key Words: Percutaneous kyphoplasty; Intradural cement leakage; Complication; Decompression surgery; Case report

Mao Z, Xiong ZH, Li JF. Thoracic spinal cord injury and paraplegia caused by intradural cement leakage after percutaneous kyphoplasty: A case report. World J Clin Cases 2024; In press

Core Tip: The report describes the first documented case of a patient experiencing spinal cord injury, paraplegia, and cerebrospinal fluid leakage after percutaneous kyphoplasty, with subsequent remission achieved through emergency decompression surgery at our hospital.

INTRODUCTION
Percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) have emerged as increasingly common techniques for treating osteoporotic and pathological vertebral compression fractures since the late 1980s, with PKP representing a refinement and advancement of PVP[1]. The mechanism of PKP encompasses the reinforcement of vertebral strength, enhancement of spinal stability, and alleviation of spinal pain. Comparative studies have demonstrated that PKP exhibits superior clinical efficacy, safety, pain reduction, and a lower incidence of complications when compared with PVP. Consequently, PKP is widely considered a more suitable treatment modality for most patients with osteoporotic and pathological vertebral compression fractures, as well as vertebral bone tumors[2]. Although rare, complications associated with cement leakage after PKP include symptomatic neurological compromise on nerve roots or the spinal cord, paraplegia, cerebrospinal fluid leakage, pulmonary embolism, and infection. A recent study analyzing 138 articles, encompassing 1027 levels treated with either PVP or PKP, reported no untoward cement-leak-related complications. The authors suggested that cement extravasation may be clinically insignificant, asserting that emergency decompression surgery for cement leaks is unnecessary[3]. Conversely, another recent literature review revealed only seven documented cases of neurological deficits caused by intradural cement leakage after PVP. These cases resulted in residual functional impairment necessitating emergency decompression surgery, highlighting the urgent nature of intradural cement leakage and the need for timely intervention[4]. Notably, there is currently no reported instance of serious complications associated with intradural cement leakage following PKP in the available literature. This report describes the first documented case of a patient experiencing spinal cord injury, paraplegia, and cerebrospinal fluid leakage after PKP, with subsequent remission following emergency decompression surgery at our hospital.

CASE PRESENTATION
Chief complaints
A 58-year-old male patient was admitted to our hospital complaining of lower back pain on September 15, 2023.

History of present illness
Two months before admission, the patient presented with lower back pain, leading to a diagnosis of herpes zoster at the local hospital outpatient clinic. Despite receiving oral medication and infusion therapy, the symptoms persisted. Subsequently, on August 27, the patient sought care at the Orthopedics Department of the local hospital and was admitted. He was diagnosed with T7 osteoporosis and a pathological compression fracture, prompting the performance of PKP on September 4 (Figure 1). Post-operation, the patient experienced relief from lower back pain; however, he developed bilateral hypochondrium pain and abdominal discomfort. Over the following week, the lower back pain and bilateral hypochondrium pain worsened, accompanied by progressive numbness and weakness in both lower extremities.

History of past illness
The patient had suffered from hypertension for 2 years and underwent PKP at a local hospital on September 4, 2023.

Personal and family history
The patient's medical history inquiry revealed the absence of any pertinent familial medical background or genetic predispositions to the observed condition.

Physical examination
During the physical examination, the patient's vital signs were assessed and found to be stable: body temperature was 36.2°C, blood pressure was 120/78 mmHg, heart rate was 73 bpm, and respiratory rate was 20 breaths/min. Examinations of the heart, lungs, and abdomen revealed no specific findings. Upon special examination, positive results were noted for percussion tenderness of the thoracic spinous process, positive findings for extensive tenderness beside the spinous process, and positive tenderness in the bilateral hypochondrium. Muscle strength in both lower limbs, tendon reflexes, and cutaneous sensation exhibited no significant abnormalities. The visual analog scale (VAS) for pain was recorded as 6.

Laboratory examinations
[bookmark: OLE_LINK318][bookmark: OLE_LINK319]Routine blood examination, liver function, electrolyte, infectious disease-related laboratory tests, coagulation function, rheumatoid factors, and the antistreptolysin O test all yielded normal results. Abnormal test findings are detailed in Table 1.

Imaging examinations
Three days after admission, the patient presented with lower abdominal pain, dysuria, loss of sensation below the T7 level, and immobility of both lower limbs. On September 19, 2023, T2-weighted magnetic resonance imaging (MRI) was conducted. The MRI revealed a wedge-shaped T7 vertebra, indicating spinal canal stenosis and spinal cord compression resulting from the protrusion of T7 vertebra cement into the spinal canal (Figure 2). Based on these abnormal findings, it was hypothesized that the patient’s paralysis symptoms were associated with the inadvertent leakage of cement into the spinal canal during the kyphoplasty procedure. 

FINAL DIAGNOSIS
The patient was diagnosed with thoracic spinal cord injury and paraplegia of both lower limbs.

TREATMENT
Urgent surgical interventions, including the incision and exploration of the spinal canal, posterolateral decompression, T7 subtotal vertebrectomy, and posterior instrumented spinal fusion (T5-T11), were performed on September 20, 2023 (Figure 3). During the operation, it was observed that cement had leaked into the dura within the spinal canal, compressing the spinal cord from the left side and causing contusions to both the spinal cord and nerve root. Post-surgery, the patient was promptly transferred to the intensive care unit (ICU) for vigilant postoperative monitoring. While in the ICU, the patient received standard treatment comprising routine mannitol and dexamethasone to mitigate spinal cord edema. Additionally, a preventative anti-infection regimen involving ceftriaxone was administered to reduce the risk of central nervous system infection.

OUTCOME AND FOLLOW-UP
The day after admission to the ICU, the patient was successfully weaned off the ventilator, and exhibited stability in both respiratory and circulatory systems. Subsequently, he was transferred to a regular ward. Over time, the patient experienced gradual improvement in muscle strength, sensation, and overall mobility, leading to a safe discharge one-week post-surgery. At the one-month follow-up, a diagnosis of pancreatic cancer was made at the local hospital. It was hypothesized that the T7 pathological compression fracture was associated with the presence of pancreatic cancer. Unfortunately, the patient opted to discontinue treatment, marking a regrettable conclusion to his medical care.

DISCUSSION
Currently, PKP is the preferred and optimal treatment for osteoporotic and pathological vertebral compression fractures, representing an innovative departure from traditional PVP. PKP offers distinct advantages by addressing kyphosis deformity, streamlining procedures to reduce operation time, utilizing an expandable balloon to restore vertebral height, and reinforcing the vertebra while minimizing cement leakage[5,6]. Notably, the reported rate of cement leakage exceeds 80% in PVP but remains below 50% in PKP[3,7]. Cement leakage into the perivertebral or intervertebral disc space generally manifests without significant clinical symptoms. However, when it occurs in the spinal canal or epidural space, it may lead to neurological symptoms or infections, while entry into the paraspinal venous system can result in embolism[8]. Research by Hulme et al[9] highlighted that cement leakage in PVP primarily occurs in the spinal canal and epidural region, whereas in PKP, it predominantly occurs in the perivertebral and intervertebral disc space. Several established risk factors for cement leakage include vertebral cortex fragmentation, defects in posterior vertebral walls, pathological compression fractures, high resistance in vertebrae (fracture compression greater than 2/3 or old fracture), a large volume of injected cement, low cement viscosity, low bone mineral density, intravertebral cleft, and Schmorl nodes[10-12]. While cement infiltration into the dura is a rare and serious complication, it has been reported in PVP cases. Herein, we present the first documented case of spinal cord injury, paraplegia, and cerebrospinal fluid leakage due to cement leakage into the intradural space after PKP.
As shown in previously published studies in the same field, the primary cause of dural rupture in this context is attributed to iatrogenic techniques. Specifically, the complication arises from repeated punctures and inaccurate needle angles during the procedure, leading to rupture of the pedicle or vertebral wall cortex and subsequent dural penetration. This sequence of events can result in cement extravasation into the intradural space following withdrawal of the puncture needle[13-16]. In the case of PKP, the recovery effect of the vertebral anterior margin, operative time, and improvement of postoperative low back pain VAS did not show a significant difference between unilateral and bilateral punctures. However, unilateral puncture demonstrated the advantage of a shorter operative time and reduced cement injection[17]. It is crucial to note that in the unilateral approach, an excessively large puncture angle may lead to damage to the medial wall of the pedicle. Therefore, during the procedure, the needle tip should not traverse the medial border of the pedicle on the anteroposterior view until it reaches the posterior cortex of the vertebral body on the lateral view[13-16]. 
To effectively prevent cement leakage, several key strategies based on summarized experiences have been identified. Firstly, comprehensive preoperative imaging, including computed tomography (CT) and MRI examinations, is imperative to fully understand the conditions of the injured vertebrae. Careful consideration and meticulous operation are particularly crucial for vertebral bodies with cortical damage. Intraoperatively, maintaining clear visualization of the cement is essential, as blurry images and blind punctures not only heighten the risk of cement leakage but also contribute to the inability to detect intraoperative leakage[18]. Secondly, the selection of cement with an appropriate viscosity is crucial. This, coupled with a strategy to reduce repeated punctures and avoid damaging the medial wall of the pedicle, allows for better control over the speed of cement injection[19]. Studies by Lu et al[20] have suggested that infusing a smaller dose (1.8-3 mL) of cement during PKP can achieve equivalent clinical effects to conventional doses (3.5-6 mL) while significantly reducing the incidence of cement leakage. Thirdly, precise control of the strength and depth of the screw tap and guide needle is essential to prevent rupture of the vertebral anterior cortex and subsequent cement extravasation. Implementation of these strategies collectively enhances the safety and efficacy of the PKP procedure[18-20].
Postoperative and meticulous CT scans play a pivotal role in accurately assessing cement leakage. For patients displaying intradural cement leakage and varying degrees of neurological deficits, prompt decompression surgery is imperative[13-16,21-24]. Literature reviews in this specific field indicate symptom improvement in the majority of patients, except one elderly patient who opted against open surgery[24]. Neurological deficits may arise from thermal injury resulting from the exothermic reaction at the posterior cortex of cement leakage in the spinal canal[25]. Early surgical intervention facilitates the removal of cement, reduces chronic inflammation and fibrosis on the cement surface, and prevents further damage to nerve tissue. In our case, the patient developed neurological symptoms, including urination disturbance and paraplegia, two weeks post-PKP. After confirming the precise location of cement leakage by MRI, immediate decompression surgery was performed. After the operation, the patient's muscle power gradually recovered. Our analysis suggests that the root cause of cement leakage in this patient may be attributed to the puncture technique employed by the surgeon.

CONCLUSION
In presenting this rare and distinctive case of intradural cement leakage following PKP, we emphasize the critical role of refining surgical techniques, conducting thorough preoperative evaluations, ensuring clear intraoperative visualization of the cement, and carefully selecting cement with appropriate viscosity and quantity to mitigate the risk of such complications. In the event of neurological deficits post-PKP, swift action is essential. Performing a prompt CT scan or MRI exploration is imperative to precisely identify the site of cement leakage, facilitating urgent surgical decompression. Our findings underscore the significance of a comprehensive approach to enhance procedural safety and address complications swiftly for improved neurological outcomes.
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Figure Legends
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Figure 1 X-ray of the thoracic spine. A: Anteroposterior image of T7 after percutaneous kyphoplasty (PKP); B: Lateral image of T7 after PKP.
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Figure 2 Preoperative T2-weighted magnetic resonance imaging of the thoracic spine. A-D: Sagittal view; E and F: Axial view.


[image: ]Figure 3 Postoperative image examinations: T7 subtotal vertebrectomy, and posterior instrumentation. A and B: Anteroposterior and lateral X-ray; C and D: Axial computed tomography scan.
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Table 1 Abnormal test results
	Tests
	Results
	Normal range

	Triglyceride (mmol/L)
	3.94
	< 1.7

	Uric acid (μmol/L)
	649
	208-428

	Creatinine (μmol/L)
	229
	57-97

	C-reactive protein (mg/L)
	14.3
	≤ 5

	Erythrocyte sedimentation rate (mm/h)
	49
	< 15

	Urine protein 
	1+
	Negative
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