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Purpose

Surgical treatments are technically challenging for lumbar spinal tumor (LST) with extensive retroperitoneal involvements. Our study aimed to report the experience and outcomes concerning interdisciplinary surgical collaborations in managing such LSTs.



Patients and Methods

Nine patients underwent interdisciplinary surgical treatments which were performed by specialists, namely, spinal, vascular, and urinary surgeries. Data on clinical characteristics were collected, and the Visual Analogue Scale (VAS) and the Japanese Orthopaedic Association Score (JOAS) were used in the evaluation before and after surgery. The postoperative complications and the long-term outcomes were reported as well.



Results

The interdisciplinary work included double J catheter indwelling (n = 9), nephrostomy (n = 5), replacement of the common iliac vein (n = 2), abdominal aorta repair (n = 3), and vital vessel repair (n = 8). The early-stage complications included complaints of moderate low back pain and slight implant shift (n = 1, 11.1%) and tardive ureterodialysis (n = 1, 11.1%). The 3- and 5-year disease-free survival rates were 76.2 ± 14.8 and 50.8 ± 23.0%, respectively, during the mean follow-up of 34.6 ± 17.9 months (range, 9.5–68.7). Besides this, more blood loss was associated with recurrent and metastatic tumor status (p = 0.043) and surgery time >5 h (p = 0.023). Remarkable pain relief and favorable quality of life were achieved based on the postoperative VAS (3.3 ± 0.9, p < 0.001) and JOAS (16.6 ± 0.5, p < 0.001).



Conclusions

The treatments of LSTs with wide-range retroperitoneal involvements require interdisciplinary surgical collaborations to lower the risks and improve the long-term outcomes. High-quality prospective cohort studies with large samples are warranted to establish general surgical protocols in managing LSTs with extensive retroperitoneal involvements.
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Introduction

Lumbar spinal tumors (LSTs) are usually discovered with a considerably large size at initial diagnosis due to the retroperitoneal space ahead of the vertebra (1, 2). The tumor grows gradually in the retroperitoneum and compresses or infiltrates the adjacent normal tissue, including vital vascular structures, kidney, and ureter (2, 3). The giant spinal tumors usually arise from the lumbosacral area with a relatively rare incidence (4–6). It was reported that only 20% of patients presented with significant neurologic deficits, while the remaining symptoms were non-specific (7). The most common pathology of giant spinal tumors is giant invasive spinal schwannoma, which accounts for nearly 1/3 of all primary intra-spinal tumors (8). The adjacent vertebral body and neurovascular structures are usually eroded by the invasive tumor biology. Moreover, it is quite common that over 5 years are required to achieve a confirmed diagnosis after symptom onset with a lumbosacral mass (9).

It remains technically challenging to manage LST patients with extensive retroperitoneal involvements, which often require multidisciplinary cooperation to achieve a tumor-free margin and reduce the incidence rate of iatrogenic injury of the vascular and urinary systems. To achieve long-term favorable outcomes, this study herein aimed at reporting the interdisciplinary surgical treatments for such patients, mainly including en bloc tumor resection, reservation of urinary function, and repair/replacement of vascular structures.



Patients and Methods


Baseline Information and Clinical Findings

The study design was a retrospective, single-center case series study. Nine consecutive patients with LSTs were referred to our institution, which was an affiliated research and teaching hospital of a medical university. Each had a confirmed diagnosis of giant LSTs and extensive involvements of vital vascular and/or urinary structures. For each patient, the tissue or organs in the retroperitoneum (e.g., vital artery and vein, kidney, and ureter) were compressed or infiltrated by tumor. The exclusion criteria included spinal tumors not located in the lumbar spine, skip malignancy across the spinal column, distant metastases at initial diagnosis, and lumbar spinal tumor without severe adjacent tissue/organ involvements. The clinicopathological information of these nine patients was collected and analyzed comprehensively.



Diagnostic Assessment

As illustrated in Figure 1, all patients received contrast-enhanced computed tomography and magnetic resonance imaging routinely. Positron emission tomography–computed tomography was performed, if necessary, to detect potential metastases. Intravenous pyelography (IVP) was conducted to examine the urinary system. Meanwhile, three-dimensional (3D) printing technique was utilized to establish a 3D printed model (1:1) to assess the relationship between the tumor and the adjacent structures (Figure 2). Besides this, pre-intervention optimization was conducted to exclude contraindications (e.g., medication review, treating hypertension and/or diabetes). The potential benefits as well as risks regarding the interdisciplinary surgical procedures were introduced to the patients and their family members.




Figure 1 | Flow chart of the therapeutic strategy in managing lumbar spinal tumor patients with extensive retroperitoneal involvements.






Figure 2 | Preoperative images of radiological examinations and 3D-printed models (patient #1). (A–C) Sagittal, coronal, and transverse contrast-enhanced MRI indicated moderate intensity of the tumor mass with adjacent invasion, respectively. (D, E) 3D-printed model displaying the relation between tumor (green), artery (red), and vein (yellow). (F) CT angiography showing the obvious compression of the right common iliac artery by the tumor mass. (G) The intravenous pyelography revealed an obstruction of the urinary flow in the right ureter.





Therapeutic Intervention

All patients with primary tumors received biopsy at initial diagnosis to confirm the tumor histology and underwent staged surgical procedures within 7 days after the confirmed diagnosis. Personalized surgical strategies were generated based on the involved segments and destructive area and the tumor pathology. Double J catheter indwelling was initially performed through the ureteroscope by the urologists if the IVP indicated ureter stenosis (Figure 3A), while percutaneous nephrostomy was conducted under ultrasound guidance by the urologists for patients with severe hydronephrosis (Figure 3B).




Figure 3 | Management of the urinary system, lumbar spine tumor, and vascular condition from the multidisciplinary team. (A, B) Double J catheter indwelling and percutaneous nephrostomy for lumbar spinal tumor patients with renal dysfunction and/or ureteral compression, respectively. (C) Placement of the pedicle screws, decompressive laminectomy, and identification of the right L5 nerve root and dural sac. (D) Blunt separation and protection of the ureter, vascular structure, and vital organs. (E) Surgical repair of an infiltrated vein by using atraumatic suture (5-0 Prolene, Johnson & Johnson, USA). (F) Placement of the artificial vertebral body (AVB) and identification of adjacent significant structures. (G, H) Replacement of the left common iliac vein with a biological substitute. RK/LK, right/left kidney; RU, right ureter; IVC, inferior vena cava; AA, abdominal aorta; RCIA, right common iliac artery; RIIA/REIA, right internal/external iliac artery; RCIV/LCIV, right/left common iliac vein; LRA/RRA, left/right renal artery; LRV/RRV, left/right renal vein; AVB, artificial vertebral body; A-LCIV, artificial left common iliac vein.



With regard to spine reconstruction, each patient was evaluated initially by using the Spinal Instability Neoplastic Score (SINS) (10). The referred parameters included the tumor location, pain, bone lesion, radiologic spinal alignment, vertebral body collapse, posterolateral involvement, and spinal elements as well as the willingness of the patient to undergo reconstruction surgery. Stabilizing procedures would be performed if the total score ≥13 (the mean SINS was 15.1 ± 1.1, Table 1). Every operation was mainly performed by specialists, i.e., spinal tumor surgery, vascular surgery, and urology. They had rich experience in the referred field, with at least 10 years of training after graduation. Briefly, for the posterior operation, regular exposure, laminectomy, and facetectomy were performed with pedicle-screw rod instrumentation (screw diameter/length: 6.0–6.5 mm/45 mm; rod diameter: 5.5 mm) through a mid-posterior approach (Depuy Synthes, USA). A unilateral titanium rod was fixed transiently for gentle blunt dissection between the ventral dura and the posterior vertebral body wall. The lumbar nerve roots were identified and separated softly to remove the compression (Figure 3C). If possible, the tumor was then removed in an en bloc fashion through a posterior-only approach. Proper compression was exerted on the fixation system to maintain lumbar lordosis.


Table 1 | Clinical characteristics and tumor involvements of nine patients.



Otherwise, the patient was transferred to the supine position, and an anterior para-median longitudinal incision was performed at 1 to 2 cm from Hunter’s line according to the tumor location and size. The post-peritoneum was opened after layer-by-layer exposure for further detection and separation. During the detection, the vital organs and structures, including the kidney, abdominal aorta, bladder, and uterus, were identified and protected carefully (Figure 3D). Gentle traction, if necessary, was performed to achieve a sufficient surgical field. The infiltrated common iliac vein and the involved area of the abdominal aorta were either repaired by sutures or replaced using an artificial biological substitute by the specialized vascular surgeons (Figures 3D, F–H). Briefly, for vessel replacement, both ends of the vessel were blocked by smooth forceps every 30 min, and biocompatible substitutes were utilized to reconstruct the vascular continuity, while for vessel or arterial repair, 5-0 Prolene suture (Johnson & Johnson, USA) was used to recover the vascular integrity. The segmental vessels were ligated or coagulated with bipolar forceps, respectively. Then, the tumor mass was isolated using surgical scissors and high-frequency electrotome discreetly, and ultrasonic bone scalpel (XD860A ultrasonic osteotomy system, SMTP Technology Company, China) was used for osteotomy, with at least 0.5-cm distance from the tumor mass. Curette and pituitary rongeur were used to remove the superior and inferior residual intervertebral discs until reaching the normal osseous tissue. Meanwhile, intraoperative frozen pathology was routinely conducted to confirm the tumor-free surgical margins. Prior to this, the artificial vertebra body (AVB) was filled with sufficient allograft bone. The AVB was properly placed after tumor resection, with confirmation of the right position, to reconstruct the spinal continuity and stability (Figure 3E). The patients were finally transferred to the intensive care unit after anesthesia recovery for at least 24 h of rigorous monitoring. The patients who underwent vascular replacement/repair received regular double-antiplatelet therapy postoperatively (aspirin, 100 mg, qd; Plavix, 75 mg, qd). Notably, for patients with arterial replacement of the aorta branches, anticoagulation and single-antiplatelet therapy (e.g., warfarin, 5 mg, tid; Plavix, 75 mg, qd) were recommended to maintain vascular homeostasis, which was monitored using the international normalized ratio (INR = 2.0–3.0).



Follow-Up and Outcomes

Disease-free survival (DFS) was defined as the interval from the first day after the surgery to the date of tumor-related death, disease progression, or May 31, 2021. The postoperative complications were defined as those which were associated with the disease and the therapeutic modalities after surgery. The Visual Analogue Scale (VAS) was used in the evaluation preoperatively and at 1 month after operation. The Japanese Orthopaedic Association Score (JOAS) (11) was also used to assess each patient before and 3 months after surgery, respectively. The improvement rate of lumbar spine function was calculated by evaluating the postoperative and preoperative JOAS ([Postop. - Preop.]/[29-Preop.] * 100%).

All patients were followed every month for the first 3 months and thereafter every 3 months for the next 12 months through telephone consultation and/or outpatient means. Data on essential clinical condition, blood tests, and radiographic examinations were obtained to evaluate the prognosis. The categorical variables were described by counts and percentages, while the continuous variables were described by mean and standard deviation. Statistics were performed using Student’s t-test, and the DFS rate was estimated via the Kaplan–Meier method. This case series has been reported in line with the PROCESS Guideline (12).




Results

Nine consecutive patients with LSTs were enrolled in our study, and the mean age was 42.3 ± 16.1 years old (range, 27–66 years). The main complaints included persistent low back pain and radiating pain with/without dysuresia. Four (44.4%) patients had a recurrent tumor status, while one (11.1%) developed lumbar spinal metastasis which was directly spread from the retroperitoneal malignant fibroblastoma. As depicted in Table 1, the duration of symptoms for the patient cohort varies from half a month to 60 months. Three (33.3%) patients were found with 3-segmental tumor involvements and two (22.2%) with 2-segmental invasion. The chemotherapy regimens included adriamycin–ifosfamide for patient #3, vincristine–ifosfamide–etoposide–doxorubicin for patients #4 and #6, and vincristine–adriamycin–cyclophosphamide for patient #7. With regard to radiation, it mainly referred to external beam radiation with 40–50 and 20–25 Gy for patients #5 and #8, respectively. The mean preoperative VAS and JOAS were 8.3 ± 1.0 and 7.3 ± 0.7, respectively. The involved significant tissue and organs included the abdominal aorta, common iliac artery and common iliac vein (CIV), ureter, kidney, renal artery, and renal vein.

For interdisciplinary work, double J catheter indwelling was performed for nine (100.0%) patients, nephrostomy for five (55.6%), artificial CIV replacements for two (22.2%), and abdominal aorta and vital vessel repair for three (33.3%) and eight (88.9%) patients, respectively (Table 2). The mean surgery time was 6.0 ± 1.4 h (range, 4.0–8.0), with an estimated average blood loss of 1,689 ± 1,341 ml (range, 600–4,500). Notably, recurrent/metastatic tumor status (p = 0.043) and surgery time >5 h (p = 0.024) were associated with more blood loss (Table 3). The pathological reports revealed benign schwannoma (#1), ganglioneuroma (#2), leiomyosarcoma (#3), Ewing’s sarcoma (#4 and #6), aggressive giant cell tumor (#5), rhabdomyosarcoma (#7), malignant fibroblastoma (#8), and chordoma (#9), all with pathologically confirmed negative surgical margin. Decreased VAS (3.3 ± 0.9) was found after surgery, with statistical significance (p < 0.001), and a remarkably improved quality of life (improvement rate: 77.7% ± 9.3%; range 66.6–91.6%) was achieved based on the postoperative JOAS (16.6 ± 0.5, p < 0.001).


Table 2 | Interdisciplinary surgical and non-surgical treatments of nine patients.




Table 3 | Analysis of the clinical factors and outcomes of nine patients.



As shown in the chart (Figure 4), for the early-stage postoperative complications, one patient (#1, 11.1%) complained of moderate low back pain postoperatively, and the prompt X-ray indicated slight AVB migration. The patient received correction surgery and obtained pain relief later. Another patient (#2, 11.1%) underwent percutaneous nephrostomy since the postoperative IVP revealed hydronephrosis and urine leakage, which was caused by the tardive ureterodialysis. A typical en bloc resection of tumor mass is shown in Figure 5A, and the postoperative radiological examinations indicated good position of hardware and continuous urine flow (Figures 5B–D). During the mean follow-up of 34.6 ± 17.9 months (range, 9.5–68.7), no bleeding/thrombus or other vascular-related issues were observed for patients receiving vessel repair or replacements, and the coagulation indicators also met the expectation (INR = 2.0–3.0) without hemorrhage tendency. In addition, all patients with preoperative urinary involvements got rid of dysuresia and regained normal renal function 1 month after the surgeries.




Figure 4 | The outcomes of lumbar spinal tumor patients with extensive retroperitoneal involvements. VAS, Visual Analogue scale; JOAS, Japanese Orthopaedic Association Score; LSF, lumbar spine function.






Figure 5 | General view of the resected tumor and postoperative examinations. (A) General view showing a representative resected tumor (18 × 9 cm) in an en bloc fashion. (B) The postoperative intravenous pyelography indicated a continuous urinary flow on both sides of the ureters. (C, D) The anteroposterior and lateral X-ray of two patients at 24 months post-operatively.



After recovering spine continuity and stability, the mean improvement rate of lumbar spine function was 77.3% ± 9.3. Eight (88.9%) patients led an independent life with full capacities, among which six (75.0%) had no evidence of disease, while two (25.0%) developed tumor progression. However, these two patients with tumor recurrence had no severe complaints and had a satisfactory quality of life, which was recognized as “alive with disease”. Besides this, one patient (#5, 11.1%) died of disease 9.5 months after the operation. The cause of death was related to upper gastrointestinal hemorrhage which might have been caused by glucocorticoid use and the long-term anti-platelet/coagulation therapy. According to Kaplan–Meier estimation, the 3- and 5-year DFS rates of the patient cohort were 76.2 ± 14.8 and 50.8 ± 23.0%, respectively.



Discussion

The LSTs can be extremely large with significant tissue/organ involvements at initial diagnosis due to the great retroperitoneal space (1–3). Moreover, the diagnosis of LST can be incidental findings for some asymptomatic patients. However, in our study, four (44.4%) patients had back pain with neurologic dysfunction with different extents, while another five (55.6%) had tumor-related surgeries previously. For such giant LSTs with retroperitoneal involvements, surgical management is technically demanding and with high risks because of the complicated neurovascular or other vital organ/tissue infiltration, which always requires multidisciplinary collaboration (Figure 6).




Figure 6 | Schematic image of the interdisciplinary surgical collaborations.



The specialized vascular surgeons were invited to manage the vascular bypass, ligation, resection, and replacements. The technical process of combined vessel and spinal tumor resection with reconstruction had been reported feasible and effective in managing giant thoracic spinal tumors (13–15). In our study, a safe resection with tumor-free margin cannot be performed without vascular repair or replacement due to the tumor circumferential growth pattern. To our knowledge, despite numerous studies reporting the surgical management of giant lumbar spinal tumors, no vessel replacement was reported in their operations (16–18). Indeed vascular injury through anterior exposure sometimes is inevitable due to the unclear boundary caused by the aggressive growth of the tumor, and the occurrence of vascular injury is an intractable problem which can be life-threatening (19). Moreover, the morbidity can be up to 3 to 5 times in revision lumbar surgery in contrast with primary ones (20). Since the long-term anticoagulation therapy after bio-prosthesis implantation increased the bleeding risk (21), coagulation parameters should be rigorously monitored to evaluate the outcomes and complications in the long-term follow-up. In our study, two patients received artificial vessel replacements, and they both had favorable coagulation function which was indicated by the INR (2.0–3.0). Notably, the high risk of delayed upper gastrointestinal hemorrhage after lumbar spine surgery should be attended to, and the risk was reported to increase with the long-term use of steroids (22), occurrence of substantial blood loss, fluid/electrolyte disorders, and weight loss (23).

The urologists were invited to perform double J catheter indwelling and percutaneous nephrostomy before spine surgery for LST patients with indications, while the specialist on kidney transplantation was committed to isolating and removing the tumor-infiltrated kidney. The ureter is proximal to the lumbar vertebral bodies which are located in the lateral orientation of the psoas major muscle (24). The routine use of the double J catheter can decrease the urinary-associated complications in the anterior surgical procedures (25, 26) since it can be observed under direct vision or indicated by the intraoperative X-ray machine. Indeed postoperative ureter injury and urinary retention are common in lumbar spine surgery (20, 27, 28). Notably, if the ureter is compressed or even infiltrated in the lumbar spinal tumor, the double J catheter should be placed ahead of the spine surgery to relieve dysuresia and avoid urinary complications intraoperatively.


Limitations

Although this was the first-reported study focusing on the multidisciplinary treatments of LST patients with extensive retroperitoneal involvements, limitations did exist due to the small sample size and retrospective design. Prospective cohort and longer follow-up are required to establish optimal interdisciplinary therapeutic protocols for better outcomes.




Conclusions

Interdisciplinary surgical collaborations are required to manage lumbar spinal tumors with retroperitoneal vascular and urinary involvements. Optimal scheme interdisciplinary technical procedures are warranted to reduce the perioperative complication rate and improve the long-term prognosis.
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