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    Abstract
Background The goal of preoperative embolization of spinal tumors is to improve surgical outcomes by diminishing the vascular supply to the tumor to reduce intraoperative blood loss and operative time.

Objective To report our institutional experience with spinal tumor embolization and review the present literature.

Methods Clinical records from January 1, 2001 to December 31, 2012 were reviewed and analyzed. Angiograms were used to calculate the percentage reduction in tumor vascularity, and relevant clinical and operative data were collected and analyzed.

Results Thirty-seven patients underwent preoperative spinal tumor embolization (24 metastatic and 13 primary lesions) and were included in the study. One complication resulted in transient lower extremity weakness and was attributed to post-embolization swelling, which fully resolved after surgical resection. The transient neurological complication rate was 1/37 (3%) and the permanent rate was 0/37 (0%). The average surgical estimated blood loss (EBL) was 1946 mL (100–7000 mL) and the average operative time was 330 min (range 164–841 min). After embolization, tumor blush was reduced by 83% on average. Average pre- and postoperative modified Rankin Scale scores were 2.10 and 1.36, respectively (p=0.03). Cases in which tumor blush was decreased by ≥90% (classes 1 or 2) after embolization had significantly less operative blood loss than those cases in which <90% (classes 3 or 4) was achieved (mean EBL 1391 vs 2296 mL, respectively, p=0.05).

Conclusions Spinal tumor embolization is a safe procedure, is associated with few complications, and may improve surgical outcomes by limiting intraoperative blood loss and reducing operative time.
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Introduction
In addition to primary tumors, the spinal column is susceptible to metastatic tumors, most commonly lung, breast, kidney, prostate, and thyroid.1 ,2 Patients with vertebral column tumors are prone to sudden catastrophic spinal column collapse, gait disturbances, weakness, and debilitating pain. Surgical decompression with radiation has been shown to be better than radiation therapy alone in patients with spinal cord compression due to spinal metastasis.3 Additionally, spinal stabilization is often necessary for instability and pain associated with spinal metastasis.4 A primary challenge in the surgical intervention of spinal metastasis is the significant blood loss and impaired visibility within the resection cavity due to the highly vascular nature of many of these lesions. Preoperative embolization of spinal tumors has been reported to be effective in diminishing intraoperative blood loss,5–10 but an analysis of its risks and efficacy is limited.
Several embolic materials are available, including detachable coils and injectable embolic agents (eg, Onyx (ev3 Neurovascular/Covidien, Irvine, California, USA), an ethylene vinyl alcohol copolymer; polyvinyl alcohol (PVA), n-butyl cyanoacrylate (nBCA)).5–9 ,11 ,12 Important qualities of an embolic agent include full tumor bed penetration, resistance to biodegradation, and radio-opacity. At our institution we have used all of the aforementioned methods on a wide range of histological diagnoses. Here we discuss our institutional experience with these agents for preoperative spinal tumor embolization, and report the safety and degree of tumor embolization, as well as the estimated blood loss (EBL), operative times, and modified Rankin Scale scores for these cases.

Methods
Literature review
We conducted a literature review using PubMed of reports of preoperative spinal embolizations published between 1990 and 2013. Search terms included “embolization of spinal tumors,” “preoperative embolization of spinal tumors,” and “embolization of spinal metastasis.” The reported cases were analyzed for EBL, transfusions, operative times, and complications.

Clinical review
Study approval was obtained by the institutional review board of St Joseph's Hospital and Medical Center, Phoenix, Arizona, USA. A prospectively maintained database of endovascular patients was reviewed for those undergoing spinal angiography for spinal tumor evaluation between January 1, 2001 and December 31, 2012. Patients who underwent preoperative embolization were recorded, and clinical charts and angiograms were reviewed. Pre- and post-embolization angiograms were used to calculate the reduction of tumor blush. The areas of contrast blush of the widest portion of the lesion on the posteroanterior and lateral pre- and post-embolization angiograms were compared to estimate the percentage of embolization achieved. Patients were then grouped into four classes by degree of embolization for statistical comparison (table 1).
View this table:	View inline
	View popup



Table 1 Classification of degree of embolization*



Owing to the significant variation in spinal tumors among patients undergoing surgery, such as pathology, local disease burden, and operative goals, a suitable control population of non-embolized patients was not available. Therefore, the degree of embolization served as an internal control to evaluate for efficacy, rather than comparisons with a non-embolized population. The relevant clinical and operative data were collected and analyzed.
All embolization interventions were performed through a transfemoral arterial approach. Initially, angiograms were completed to map feeding pedicles. Selective catheterization was performed of segmental arteries at the levels of tumor involvement based on preoperative imaging, and at one level above and below the last diseased level. If sufficient arterial access was identified and safely accessible, embolization was performed using a variety of single or combined embolic agents, depending on surgeon preference and specific angiographic findings.

Statistics
All data analyses were computed using IBM SPSS Statistics V.20 (IBM, Armonk). A one-way analysis of variance test was used when comparing three or more means, while a standard t test was used when comparing two means. Computed differences were considered to be statistically significant if the calculated p values were <0.05.


Results
Literature review
A summary of our literature review is provided in table 2.5 ,10 ,13–19
View this table:	View inline
	View popup



Table 2 Literature review of previously published reports of preoperative embolization of spinal tumors



The publications reviewed spanned 1990–2013, and included 333 patients who received a total of 365 embolizations. The average documented blood loss in these studies was 1650 mL (average range 433–6567 mL). A total of three complications from spinal embolization were reported in our literature review, including one patient with transient paresis, one patient with a post-procedural femoral hematoma, and one patient who had a non-specified cardiac event secondary to anesthesia.

Clinical data
A total of 45 patients (32 male, 13 female) underwent spinal angiography at our institution for evaluation of a spinal tumor during the study period. Eight patients underwent spinal angiography without intervention and were excluded from this analysis. Procedure data for 37 patients who underwent preoperative spinal tumor embolization were included in the analyses and details are summarized in table 3.
View this table:	View inline
	View popup



Table 3 Summary of angiographic/surgical data



Of these 37 patients, 24 had metastatic lesions and 13 had primary lesions. In all but one of the 37 cases studied, embolizations were completed in a single stage; one patient required two stages because the contrast limit was reached in the first stage before completion of the procedure. Onyx was used in 29 embolizations, nBCA in 8, PVA in 1, with 1 of the 37 patients receiving two embolic agents; additionally, coils were used in 10 patients in addition to embolic agents. Classification and degree of embolization are summarized in table 1. One complication of endovascular embolization was seen in a patient who had worsening lower extremity weakness 1 day after embolization of a thoracic tumor. This patient underwent an emergent surgical decompression of the lesions, which resulted in complete resolution of the neurologic decline.
Procedure and patient outcome data are summarized in table 3 by patient and in table 4 by pathology type.
View this table:	View inline
	View popup



Table 4 Summary of treated pathology types



The most common spinal lesion treated was metastatic renal cell carcinoma (n=16). The average EBL during surgery of the embolized spinal tumors was 1946 mL (100–7000 mL). On average 2.54 units (range 0–9 units) of packed red cells were required and the average operative time was 330 min (range 164–841 min). Sufficient angiographic data to determine the degree of embolization was available for 31 of the 37 patients. After embolization, tumor blush was reduced by 83% on average (cervical 80.0%, thoracic 83%, and lumbar 85%), and on average surgery took place 1.7 days after embolization. A class 1 embolization was achieved in 23% of cases, class 2 in 32%, and class 3 in 45%. Inability to achieve a class 1 or 2 embolization was secondary to the remaining arterial supply being too small to cannulate in 67% of cases, concern for medullary arterial supply in 25%, and reflux of embolizate in 8%.
Lesions that achieved ≥90% embolization (classes 1 and 2, 17 cases) were associated with reduced EBL compared with lesions that were not embolized to that extent (classes 3 and 4, 14 cases) (1391 vs 2296 mL, respectively, p=0.05). However, there was no statistical difference between those with ≥90% embolization vs <90% in surgical times (289 vs 348 min, respectively, p=0.24) or blood transfusions needed (1.94 vs 2.77 units, respectively, p=0.38), although both showed an obvious trend. There was no statistically significant difference in EBL when comparing methods of embolization. Tumors involving multiple spinal levels were not associated with significantly more EBL than tumors involving one spinal level (1683 vs 1947 mL, respectively, p=0.995). Surgical approach was an important factor influencing average blood loss. Combined blood loss of staged anterior/posterior approaches was associated with a statistically significant increase in EBL in comparison with transpedicular and posterior approaches (3775 vs 1658 vs 1742 mL, respectively, p=0.03). Average pre- and postoperative modified Rankin Scale scores were 2.10 and 1.36 (p=0.03), respectively.


Discussion
Surgical decompression and stabilization is often necessary in the management of spinal metastasis. However, many of these lesions are highly vascular and these surgeries are often complicated by significant intraoperative blood loss. This is an important consideration, particularly in this often chronically ill population. Previous reports have suggested the efficacy of preoperative embolization, with reduced intraoperative blood loss, improved intraoperative visibility, improved resectability of the lesion, and reduced overall operative time.6 ,8 ,9 ,13 ,16 ,17 It is important to note that these variables depend on several factors, including tumor type, surgical approach, and tumor location. We discuss our institutional experience using several embolization methods and pathological diagnoses.
In addition to the standard risks of angiography, embolization of spinal tumors may lead to neurologic injury via either vascular injury or post-procedural tumor swelling and worsening of compression. Our series of cases validates the very low incidence of complications associated with the embolization of spinal column tumors. The single complication in our series was thought to be the result of acute spinal cord compression secondary to tumor swelling after embolization. Within 24 h of the tumor embolization, the patient's lower extremity weakness progressed. She underwent emergent surgical resection, resulting in complete resolution of her symptoms. This case highlights the importance of close neurologic monitoring and rapid intervention in the event of a decline during the latency period between embolization and planned surgery.
No permanent neurologic complications of embolization were seen in our series. In our literature review (table 2), complications rates were reported to be <1% and included transient paresis from embolic embolization material, post-procedural hematoma, and a non-specified cardiac event secondary to anesthesia.10 ,16 This cumulative experience demonstrates that preoperative embolization is a safe adjuvant to surgery in cases in which significant blood loss is expected.
The majority of embolizations in our experience were carried out using Onyx 18 (n=29, 78.4%), a liquid embolic agent with a safety and efficacy that has been previously reported in the embolization of brain arteriovenous malformations, fistulas, and tumors.5 ,7 ,20–22 Important features of this material include a relatively slow precipitation that allows for prolonged controlled injections, leading to effective tumor bed penetration. Additionally, Onyx is radio-opaque allowing for good intraoperative visibility. Furthermore, the post-embolized cast that forms remains pliable and easily handled intraoperatively.5 ,7
We also used nBCA, a liquid embolic agent in eight (22%) of our embolization cases. nBCA polymerizes rapidly upon injection, which may limit its ability to achieve deep penetration in the tumor bed.7 ,23 This may necessitate catheterization of multiple pedicles in order to completely occlude all of the feeders supplying a tumor, which requires more time, and also increases the risk of vascular injury. (Note that embolization of spinal tumors is an off-label use of nBCA and Onyx.)
In addition to liquid embolic agents, we used coil embolization in 10 of our patients with larger caliber vessels. Although EBL was reduced in the group who received coils compared with those who did not, it did not reach significance (1644 vs 2050 mL, respectively, p=0.33). Embolic material was selected at the discretion of the treating physician. Average operative time (365 vs 316 min) and the number of transfusions necessary (2.76 vs 2.50 units) were increased for those receiving coils in comparison with embolization cases in which no coils were used, respectively. Berkefeld et al16 found almost no difference in average EBL in patients with coil and liquid embolization (1850 mL) compared with the liquid embolization group alone (1800 mL). The use of coil embolization has certain advantages, mainly that their size limits the risk of migration and inadvertent occlusion of smaller distal vessels. However, coils do not occlude the tumor vasculature itself, which may increase the risk of collateral vessel formation if surgery is delayed.24
Our average EBL of embolized lesions was 1946 mL (100–7000 mL) and operative time was 330 min (164–841 min), which is slightly higher than results in previously published reports (table 2). Appropriate controls of non-embolized patients were not available in our study as surgeons typically referred for embolization those patients with lesions such as renal cell carcinoma that were expected to have a higher propensity for blood loss, while not referring for embolization those patients with less vascular tumors. Additionally, only highly vascular lesions provide appropriate vascular access for embolization. Patients who underwent spinal angiography but did not have a significant tumor blush were therefore not embolized. Importantly, achieving ≥90% embolization was associated with a statistically significant reduction in blood loss in comparison with those attaining <90% embolization (1391 vs 2296 mL, respectively, p=0.05). Other studies have found that the degree of embolization did not correlate well with reduced intraoperative blood loss.9 ,19 This may be due to differences in the frequency of tumor types within the reported cohorts. Additionally, various grading systems of pre- and post-embolization methods exist, which can cause variations in calculating the extent of embolization. Most grading systems simply categorize the degree of embolization as being complete or partial; these types of grading scheme make it difficult to accurately stratify partial embolizations and in turn skew the comparative analysis of EBL after embolization.
In our study, we measured the reduction in area of the contrast opacification at the greatest width of the lesion on the angiograms before and after embolization to better estimate the degree of tumor blush reduction and graded embolization. This allows a more accurate assessment of the effect of embolization. Class 1 was defined as complete embolization in which no further blush was noted after angiography (100% embolization). Class 2 was near complete embolization when there was ≥90% and <100% reduction in tumor blush. Class 3 was incomplete embolization and included 50% to <90% reduction in embolization. Class 4 was partial embolization and included those cases with <50% reduction, although no case in our series fell into this category (table 1). In addition to reducing the amount of EBL during surgery, achieving at least a 90% reduction in tumor blush in our cohort was also associated with reduced operative time (289 vs 348 min, p=0.24) and the number of transfusions (1.94 vs 2.77 units, p=0.38) needed in comparison with those in class 3, although statistical significance was not reached.
We examined other factors that influenced EBL including the degree of vertebral body involvement and the surgical approach used. Lesions that involved a single vertebral level were associated with greater intraoperative blood loss than those associated with multiple levels; importantly, surgical times were also increased. This may seem counterintuitive; however, the single-level group contained three cases in which a staged anterior/posterior approach was used, which drastically increased the amount of EBL and operative time. This finding likely reflects the surgical bias of aggressively treating patients with a solitary spinal metastasis to achieve total resection, whereas in patients with a higher disease burden the goals of surgery were probably decompression and stabilization. An analysis of the three surgical approaches used indicated that the staged anterior/posterior approach was associated with a greater EBL, operative time, and number of transfusions needed than with a transpedicular approach and a posterior approach (p=0.03). Lastly, the distribution of pathology types can also account for discrepancies in EBL and operative time, specifically the single-level group contained 10 metastases of renal cell carcinoma in comparison with 6 in the multiple-level group.
Metastatic renal cell carcinoma was the most common tumor type (n=16, 43%) followed by hemangioma (n=4, 11%) and metastatic thyroid carcinoma (n=4, 11%). Renal cell carcinoma is considered a highly vascular lesion that may benefit from preoperative embolization.6 Although a decrease in EBL is expected with embolization, it is difficult to predict to what extent. A large range of EBL in cases of renal cell carcinoma, even after complete embolization, has been reported.9 ,10 ,25 In our cohort, embolized lesions showed a broad range of EBL (average 2433 mL, range 100–7000 mL), even when surgical approach was taken into consideration. Others have reported similar findings, specifically EBL was lower in embolized than in non-embolized lesions; however, reported blood loss ranged from 0 to 6.2 L in posterior approaches and 1.3–8.9 L in anterior approaches.6 This may be due to characteristics specific to this tumor type, including increased tumor infiltration, which increases overall surgery times; the extent of resection necessary; and the number of vertebral bodies involved in the disease process. Additionally, the embolization materials used may affect blood loss. Materials that occlude quickly may impede blood flow proximally; however, larger distal paravertebral and epidural veins can be an important source of blood loss in embolized tumors.16 Lastly, the formation of newly formed collaterals is a recognized phenomenon of renal cell carcinoma, which necessitates early surgical intervention after embolization.26

Conclusion
Preoperative spinal tumor embolization is safe and effective in reducing intraoperative blood loss during tumor resection. Importantly, obtaining at least a class 2 (≥90%) reduction in tumor blush after embolization can significantly diminish operative blood loss. We recommend planning for embolization before resection of lesions of the spinal column that are expected to be highly vascular, such as renal cell carcinoma, thyroid metastasis, hemangioma, and other vascular lesions.
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