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Cement leakage into the paravertebral venous system and pulmonary cement embolism following percutaneous vertebroplasty: a case report
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Pulmonary cement embolism is a potentially serious complication following percutaneous vertebroplasty. The risk factors for pulmonary cement embolism have not been clearly identifed. Cement leakage into the azygos vein or in the inferior vena cava has been identifed as a risk factor for pulmonary cement embolism. In addition cement leakage into the paravertebral venous system also seems to be related to pulmonary cement embolism. Here we report a case with detailed preoperative data, intraoperative findings, and imaging evidence to demonstrate the relationship between cement leakage into the paravertebral venous system and pulmonary cement embolism.



Case: A 69-year-old woman was diagnosed with osteoporotic vertebral compression fractures and treated with percutaneous vertebroplasty. Intraoperatively, anterior cement leakage into the paravertebral venous system was detected on lateral fluoroscopy but it did not cause insufficient attention. The patient demonstrated significant back pain relief postoperatively, and had no symptoms such as dyspnoea, coughing, haemoptysis, dizziness or palpitation. However, the postoperative thoracolumbar x-ray presented that multiple tubular and branching cement emboli were scattered throughout the lungs. The patient presented asymptomatically in the follow-up period. No cardiorespiratory dysfunction was observed until the end of the one-year clinical follow-up, and the patient was satisfied with pain relief.



Conclusion: Cement leakage into the paravertebral venous system is associated with pulmonary cement embolism during percutaneous vertebroplasty. Continued bone cement injection after bone cement leakage into the paravertebral venous system is dangerous and, may lead to further migration and, ultimately, pulmonary cement embolism. Once bone cement leakage into the parav ertebral venous system is detected, percutaneous vertebroplasty should be terminated.
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Introduction

Percutaneous vertebroplasty has been widely used for painful osteoporotic vertebral compression fractures since it was first introduced in 1984 (1). Most complications are related to the leakage of bone cement (polymethylmethacrylate), of which pulmonary cement embolism is deemed serious. The observed incidence of pulmonary cement embolism varies from 2.1% to 26% (2–4). Although most pulmonary cement embolisms are asymptomatic (5–10), serious and fatal sequelae have been reported (11–14). Risk factors identified as predictors of pulmonary cement embolism are not clear, with the exception of the presence of cement in the azygos vein or in the inferior vena cava. Cement leakage into the paravertebral venous system also seems to be related to pulmonary cement embolism, but there is not sufficient supporting clinical evidence. Here, we present a new case that confirmed the relationship between cement leakage into the paravertebral venous system and pulmonary cement embolism. In addition we elaborate that continued bone cement injection after bone cement leakage into the paravertebral venous system can lead to misoperation.



Case presentation

A 69-year-old woman was admitted to our hospital due to refractory back pain for approximately one month. Preoperative evaluation revealed that the patient had a bone mineral density T-score of −3.2 at L1-L4, indicating severe osteoporosis, imaging findings from MRI showing fresh osteoporotic vertebral compression fractures at L1 and L2 (characterized by T1-weighted hypointensity and T2-weighted hyperintensity with edema), while lower extremity Doppler ultrasound detected no pre-existing venous thrombosis. The routine preoperative medical evaluation was normal. Given her symptoms and spine images, she was treated with percutaneous vertebroplasty under local anesthesia (1% lidocaine) with continuous monitoring of heart rate, blood pressure, and oxygen saturation. Bone cement was typically infused into the vertebral body using a unilateral transpedicular approach, with intermittent anteroposterior and lateral fluoroscopy guidance. The percutaneous vertebroplasty procedure for L2 was completed successfully and approximately 4.5 ml of bone cement was infused (polymethylmethacrylate, viscosity: high, mixed for 3 min before injection). Then, the percutaneous vertebroplasty procedure for L1 was performed as follows. When the injection volume reached approximately 1.5 ml, anterior cement leakage in the paravertebral venous system was detected on lateral fluoroscopy. Immediately, vital signs were observed to be continuing smoothly with no obvious fluctuations (HR 72 bpm, BP 135/85 mmHg, SpO2 99%). Additionally, there were no complaints of cardiorespiratory discomfort by the patient. As the vertebral fill was inadequate, we continued the bone cement injection procedure. However, the trajectory tracking of cement leakage in the paravertebral venous system was gradually prolonged with continuous additional cement injection (Figure 1). When the cement injection dose reached approximately 4 ml, cement disk space extravasation was detected and we terminated the procedure at that time. The postoperative outcome was seemingly good and had no symptoms such as dyspnoea, coughing, haemoptysis, dizziness or palpitation. However, the postoperative thoracolumbar x-ray presented that multiple tubular and branching cement emboli were scattered throughout the lungs (Figure 2). Intraoperative lateral fluoroscopy data were analysed retrospectively, and we detected that sustained cement injection resulted in the migration of the distal part of the prolonged cement leakage tracks in the paravertebral venous system on the last lateral fluoroscopy. The subsequent treatment consisted of two days of conventional postoperative treatment and electrocardiogram monitoring, with no use of anticoagulation. The patient's vital signs continued smoothly until discharge. The patient was satisfied with the operation because her back pain was significantly relieved. With a one-year clinical follow-up after discharge, she remained asymptomatic. During the follow-up after discharge, it was noted that the patient developed pneumonia more than one year after leaving the hospital. Computed tomography (CT) at the local hospital confirmed the presence of bone cement emboli within the pulmonary artery branches, as illustrated in Figure 3, following successful treatment, the patient recovered uneventfully and was discharged from the hospital.
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FIGURE 1
(A,B) Trajectory tracking of cement leakage into the paravertebral venous system was gradually prolonged with sustained injection. (B,C) Cement leakage migration. (Arrow: migration of the distal part of the prolonged cement leakage into the paravertebral venous system).
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FIGURE 2
(D) Preoperative chest x-ray (E,F) postoperative thoracolumbar x-ray showing cement leakage into the paravertebral venous system and multiple cement emboli scattered throughout the lungs.
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FIGURE 3
Panels (G,H) show chest computed tomography (CT) scans acquired more than one year postoperatively, which demostrated bone cement emboli within the pulmonary artery branches.




Discussion

Percutaneous vertebroplasty has been widely used for the management of symptomatic vertebral compression fractures. The safety and effectiveness of percutaneous vertebroplasty have also been confirmed by several studies (15–17). However complications including cement leakage into the paravertebral venous system and even pulmonary cement embolism are sometimes reported. Although most patients with pulmonary cement embolism tend to be asymptomatic or only develop transient symptoms, there have been reports of serious and fatal outcomes. The migration of bone cement into the pulmonary arteries is considered to originate from the passage of cement into the paravertebral veins, followed by secondary migration into the azygos vein and, inferior vena cava, and ultimately into the pulmonary vasculature (6, 18). Several studies have identified that the presence of cement in the azygos vein or in the inferior vena cava are risk factors leading to pulmonary cement embolism (2, 19). An increased risk of cement embolization to the lungs with paravertebral venous cement leakage has also been found (6). Recent relevant studies have demonstrated that, for surgeries involving the thoracic vertebrae (T1–T9), a larger volume of bone cement injected into a single vertebra and the treatment of ≥3 vertebrae in a single operation are also risk factors for pulmonary bone cement embolism (20). In addition the risk of pulmonary embolism when bone cement leaks into the inferior vena cava is higher than when it leaks into the azygos vein (21). This case demonstrated that bone cement leakage into the paravertebral venous was associated with pulmonary cement embolism, which could provide direct clinical evidence. Because of the limited number of reports related to pulmonary cement embolism, there is no specified protocol for the treatment of pulmonary cement embolism to date. Antonio Krueger reviewed related literature and recommended clinical follow-up for asymptomatic patients or those with peripheral pulmonary cement embolism. The treatment included initial heparinization and a subsequent 6-month coumarin regimen for the treatment of thrombotic pulmonary embolisms was recommended for symptomatic or central embolisms. In addition, he deemed that surgical embolectomy should only be performed in exceptional cases with central embolisms and severe symptoms. Currently management based on the severity of symptoms and the size and location of the emboli is a wise choice. In clinical practice, attention should be paid to the following: the volume of bone cement injected into a single thoracic vertebra (T1–T9) should be controlled, with a recommended maximum of 3–4 ml, and high-viscosity cement is preferred to reduce leakage; for patients requiring treatment of ≥3 vertebrae, staged surgery (with an interval of ≥72 h) should be adopted to avoid cumulative risks of a single operation; intraoperative monitoring should be strengthened through multi-angle real-time fluoroscopy, and if bone cement leakage is detected, especially into paravertebral veins, the operation must be terminated immediately, so as to balance the surgical efficacy and safety (18, 22, 23). In this case, sustained injection resulted in clear cement leakage migration into the paravertebral veins, which likely led to the pulmonary cement embolism. Unfortunately, the risks of this type of misoperation do not attract enough attention. Although the patient was asymptomatic in the clinical follow-up, we should learn from the mistakes of this case.



Conclusion

Cement leakage into the paravertebral venous system is associated with pulmonary cement embolism, and sustained injection is extremely dangerous when cement leakage into the paravertebral veins is detected during percutaneous vertebroplasty. In addition, we propose that once cement leakage into the paravertebral venous system is detected, percutaneous vertebroplasty should be terminated and that a secondary selective operation may be a better choice.
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