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Background: Multiple surgical techniques and approaches exist to obtain lumbar interbody fusion. Anterolateral (Oblique) is a relatively recent technique. Controversy exists for its use at the L5-S1 level. We performed this study in order to show the safety and efficacy of this technique. The aim of this study was to report the longterm complications and fusion rates of minimally-open (mini-open) anterolateral interbody fusion at the L5-S1 level.

Methods:

We retrospectively analyzed all patients who underwent mini-open anterolateral interbody fusion for L5-S1 level in our department. The data collected were the following: age, sex, surgical indication, acute (less than four weeks) and long-term complications (> 3 months), fusion at six months and length of follow-up.

Results: Seventeen patients (8M/9F) underwent mini-open anterolateral interbody fusion at L5-S1. The mean age was 64.5 years. The surgical indication was scoliosis in 10 cases, flat back in 4 cases, and spondylolisthesis in 3 cases. All patients underwent a complementary posterior procedure that included fixation. Mean blood loss was 252.9 mL for the anterior procedure. Eight acute and minor complications occurred (anemia, delirium, and psoas paresis). Two acute complications required surgical intervention (cage displacement and hematoma). Long term complications were observed in 2 cases and included proximal junction kyphosis and non-union. The fusion rate was evaluated at 88%. The mean follow-up period was 28.3 months.

Conclusions:

Mini-open anterolateral interbody fusion at the L5 S1 level is safe and results in fusion at the same rate as anterior interbody fusion. Most acute complications are minor and resolve spontaneously.

Introduction

The surgical treatment of scoliosis, degenerative disc disease and spondylolisthesis is based on lumbar fusion.

Lumbar interbody fusion (LIF) can be obtained via three approaches: Posterior, anterior and lateral. Posterior approaches include posterior LIF (PLIF) and transforaminal LIF (TLIF). Most surgeons are familiar with these posterior approaches. They allow instrumentation and fusion in one surgical stage [START_REF] Chastain | Transforaminal Lumbar Interbody Fusion: A Retrospective Study of Long-Term Pain Relief and Fusion Outcomes[END_REF][START_REF] Gill | Posterior Lumbar Interbody Fusion. A 2-Year Follow-Up of 238 Patients[END_REF][START_REF] Takahashi | Long-Term Results of Anterior Interbody Fusion for Treatment of Degenerative Spondylolisthesis[END_REF].

Anterior approach (Anterior LIF or ALIF) is a retroperitoneal approach that allows the best possible visualization of the intervertebral disc. Therefore, larger and more lordotic cages can be employed. However, ALIF poses a risk of injury to the superior hypogastric plexus and to the great vessels (aorta, vena cava). Lesions to the superior hypogastric plexus is another approach-related risk of ALIF that may cause retrograde ejaculation in men and dyspareunia in women [START_REF] Chung | Use of an Alternative Surgical Corridor in Oblique Lateral Interbody Fusion At the L5-S1 Segment: A Technical Report[END_REF].

Lateral approaches include Direct LIF (DLIF) and anterolateral or Oblique LIF (OLIF). DLIF is a retroperitoneal trans-psoas approach that poses a risk to the lumbar plexus [START_REF] Uribe | Defining the Safe Working Zones Using the Minimally Invasive Lateral Retroperitoneal Transpsoas Approach: An Anatomical Study[END_REF]. OLIF is a retroperitoneal pre-psoas approach that was previously described in 2012 [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]. OLIF allows access to the intervertebral disc through a window limited by the psoas medially and the aorta and common iliac artery laterally [START_REF] Davis | Retroperitoneal Oblique Corridor to the L2-S1 Intervertebral Discs in the Lateral Position: An Anatomic Study[END_REF]. At the L5-S1 level, the common iliac vein and the ilio-lumbar vein must be protected. Silvestre et al. [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF] advised against the OLIF L5-S1 approach due to its high vascular risk and the obstruction caused by the iliac crest. Based on current literature, there are only a few case studies describing OLIF L5-S1 used in lumbar degenerative pathology. We described, in a previous article [START_REF] Zairi | Mini-Open Oblique Lumbar Interbody Fusion (OLIF) Approach for Multi-Level Discectomy and Fusion Involving L5-S1: Preliminary Experience[END_REF], a surgical corridor passing between the psoas and the great vessels for L5-S1. The ilio-lumbar vein must be ligated before retracting the common iliac vein. In another study [START_REF] Zairi | Mini-Open Oblique Lumbar Interbody Fusion (OLIF) Approach for Multi-Level Discectomy and Fusion Involving L5-S1: Preliminary Experience[END_REF], we reported the preliminary results and complications of our technique. The objective of this present study is to report the long-term complications of L5-S1 OLIF.

Materials and methods:

A retrospective study of all adult patients (≥18 yrs) who underwent a mini-open anterolateral interbody fusion at L5-S1 since 2013 was performed. Mini-open anterolateral interbody fusion L5-S1 was either done separately or in association with other levels.

All patients gave their informed consent to undergo the procedure after a thorough explanation of the risks and benefits of the surgery. Ethics Committee approval was obtained to perform the study. The approval code was CER 19.102 -MJB.

The collected data were as follows: Demographics (age and sex), pathology leading to surgical indication, the type of procedure, the association with posterior fixation, the operating time, American Society of Anesthesiologist (ASA) score, blood loss, length of hospital stay, acute complications (<1 month) and long-term complications (>6 months). Radiological data collected were pelvic incidence, sacral slope, pelvic tilt, preoperative and post-operative L5-S1 lordosis, preoperative and postoperative lumbar lordosis and sagittal vertical axis as well as the fusion rates according to the Lenke classification [START_REF] Lenke | Results of in Situ Fusion for Isthmic Spondylolisthesis[END_REF].

Surgical technique

The technique was thoroughly detailed in our previous article [START_REF] Zairi | Mini-Open Oblique Lumbar Interbody Fusion (OLIF) Approach for Multi-Level Discectomy and Fusion Involving L5-S1: Preliminary Experience[END_REF].

The patient is placed in the right lateral decubitus position with the left hip flexed (psoas relaxation). The approach was performed using the synframe retractor (Synthes®). A skin incision of 4-5 cm long was made anterior to the anterior superior iliac spine at the level of the lateral radioscopic projection of L5 S1. The muscles of the abdominal wall are then identified. The muscle layers (external oblique, internal oblique and transverse muscle) are opened by separating the muscles' fibers without cutting them. After dissecting and opening the abdominal muscles, the peritoneum is exposed. It was dissected and shifted following the interior aspect of the abdominal wall. Then the retroperitoneal space was reached. The psoas was found laterally and the iliac vessels medially. It is important to gently dissect the fat at the L5-S1 level. This fat contains the ilio-lumbar vein that arises from the superior aspect of the common iliac vein and receives the lateral lumbar venous collaterals from the abdominal wall. There are important variations in the anatomy of the vein. [START_REF] Davis | Iliolumbar Vein: Anatomy and Surgical Importance During Lateral Transpsoas and Oblique Approaches to Lumbar Spine[END_REF] In some cases, the iliolumbar vein receives direct collaterals from the vena cava. The ilio-lumbar vein must first be located and then ligated. Once this vein is ligated and cut, the retraction of the iliac vein can be performed safely. An appropriate working window is then developed between the psoas laterally and the iliac vessels medially. The ureter is shifted anteriorly along with the peritoneum. The level is verified by fluoroscopy. The synframe retractor is then installed. After proper discectomy, a cage of proper size is inserted under fluoroscopy (Cougar Synthes®) filled with acellular cancellous bone that is previously soaked with the patient's blood. No bone morphogenetic proteins (BMP) were used.

All patients underwent posterior instrumentation: percutaneous or open if a Smith Peterson osteotomy was required to achieve the desired lumbar lordosis.

Statistical analysis

The statistical analysis was performed using Microsoft Excel ®.

Results:

General Clinical Data (Table 1)

Seventeen patients (8 males and 9 females) underwent mini-open anterolateral interbody fusion at L5-S1 in our center. The mean population age was 64.5 yrs (45-77yrs). The patients suffered from scoliosis in 10 cases, flat back in 4 cases, and spondylolisthesis in 3 cases. They presented central and foraminal stenosis that required decompression that presented with neurological claudication. Moreover, some patients presented an unbalanced spine that caused severe back pain and thus required correction. All these patients underwent a multiple level OLIF. Two patients presented an isolated lytic spondylolisthesis that was treated by OLIF at L5 S1. All patients underwent a posterior fixation by pedicle screws. The posterior fixation was performed during the same surgical time in twelve patients.

Two radiological case-reports are presented in figure 1 and2.

The mean length of hospital stay was 11 days (2-24 days). Six patients went to a rehabilitation center after surgery. Long hospital stays were related to the delays of admission in rehabilitation centers (mean delay for admission in these centers was 19 days).

Procedure data (Table 1)

The mean blood loss was 252.9 mL (100 to 650 mL). The mean overall operating time was 283.5 minutes (105-480 minutes). The mean operating time per level was 102.2 minutes (52-300 minutes). The mean ASA score was 2.3 (1-3).

Complications (Table 1)

Acute complications

Ten patients presented acute complications of various origins. Only twopatients presented OLIF-related complications that required re-operation (cage displacement and infected hematoma). Minor OLIF-related The mean follow-up period was 28.3 months (6-59 months)

The remaining 15 patients presented excellent evolution with regression of pain and improvement of their walking distance and their ability to walk upright.

Radiological data Fusion rates (Table 1)

The fusion rate was evaluated at 88% (grade A of Lenke Classification).

Angular data (Table 2)

OLIF was effective at restoring the lordosis at L5-S1 level. The mean lordotic cobb angle gain was measured as 6° (1°-13°).

The surgery was successful in restoring lumbar lordosis in all patients thus improving the global sagittal balance.

The mean gain of lordosis was 15.9° (0°-49°).

Discussion:

OLIF is a relatively novel technique that allows anterior access to the lumbar spine using a surgical window between the psoas laterally and the great vessels (aorta and vena cava, iliac vessels) medially [START_REF] Davis | Retroperitoneal Oblique Corridor to the L2-S1 Intervertebral Discs in the Lateral Position: An Anatomic Study[END_REF]. Therefore, it minimizes the risk of injury to the lumbar plexus and the great vessels. Since the patient is installed in a lateral position, the peritoneal sac easily reclines due to gravity. OLIF provides excellent access to the intervertebral disc with minimal risk. Moreover, in case of failed back surgery syndrome and inadequate foraminal decompression, OLIF is an excellent choice that permits indirect decompression without revision of the posterior site [START_REF] Orita | Lumbar Foraminal Stenosis, the Hidden Stenosis Including At L5/S1[END_REF].

At L5-S1 level, OLIF can be challenging due 1.) to the prominence of the iliac crest and ilium, and, due 2.) to the difficulty of shifting the iliac vessels [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]. Silvestre et al. [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF] advised against OLIF L5-S1 in favor of either anterior or posterior approaches. ALIF at L5-S1 may require less mobilization of the great vessels depending on the anatomy of the bifurcation of the aorta and vena cava. In patients requiring multiple LIF (kyphoscoliosis, scoliosis with coronal imbalance), OLIF L5-S1 is interesting since it allows fusion of the entire lumbar spine through one incision and a single procedure. In order to circumvent the difficulties described by Silvestre et al.

[6], we developed a new technique that allows safe retraction of the iliac vessels. In order to safely retract the left common iliac vein, the ilio-lumbar vein must be dissected and ligated. This vein is present in the retroperitoneal fat on the lateral aspect of the L5-S1 disc [START_REF] Zairi | Mini-Open Oblique Lumbar Interbody Fusion (OLIF) Approach for Multi-Level Discectomy and Fusion Involving L5-S1: Preliminary Experience[END_REF]. Therefore, the surgical window in our technique remains the same as for other levels: between the iliac vessels medially and the psoas laterally.

Most articles [START_REF] Chung | Preoperative Evaluation of Left Common Iliac Vein in Oblique Lateral Interbody Fusion At L5-S1[END_REF][START_REF] Kanno | Miniopen Oblique Lateral L5-S1 Interbody Fusion: A Report of 2 Cases[END_REF][START_REF] Kim | Oblique Retroperitoneal Approach for Lumbar Interbody Fusion From L1 to S1 in Adult Spinal Deformity[END_REF][START_REF] Woods | Technical Description of Oblique Lateral Interbody Fusion At L1-L5 (OLIF25) and At L5-S1 (OLIF51) and Evaluation of Complication and Fusion Rates[END_REF] that describe their experience with OLIF at L5-S1 level, use a surgical corridor medial to the iliac vessels. Some authors [START_REF] Kim | Oblique Retroperitoneal Approach for Lumbar Interbody Fusion From L1 to S1 in Adult Spinal Deformity[END_REF] tilt the table so the patient becomes almost supine or dorsal decubitus. In our opinion, these authors do not use a true OLIF surgical corridor but a modified ALIF corridor for L5-S1.

Consequently, comparing their results to ours should be interpreted with caution. We found only one study [START_REF] Chung | Use of an Alternative Surgical Corridor in Oblique Lateral Interbody Fusion At the L5-S1 Segment: A Technical Report[END_REF] that employs the same surgical corridor or approach as ours.

Reported acute complications of OLIF are minor and rare [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]16]. Silvestre et al. [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF] reported the largest cohort study of OLIF. The most common complication was incisional pain (2.2%), followed by sympathetic chain injury (1.7%) [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]. There was no reported abdominal herniation or lesions to the superior hypogastric plexus.

Their study only included 6 patients with L5-S1 OLIF. The number of patients with OLIF at L5-S1 was small due to the difficulty in retracting the iliac vein and iliolumbar vein. Chang et al. [17], reported a case with a ventral dural tear due to trial cage misplacement that required a posterior approach to repair it. Chung et al. [START_REF] Chung | Use of an Alternative Surgical Corridor in Oblique Lateral Interbody Fusion At the L5-S1 Segment: A Technical Report[END_REF], who employed a surgical corridor lateral to the iliac vessels, reported no acute complications after mini-open anterolateral interbody fusion for L5-S1 for six patients.

In our series, we reported acute minor complications in 8 patients. Psoas paresis regressed completely within 3 months. Other minor complications (anemia, delirium and pain) regressed with adequate treatment within one week.

Two patients had severe acute complications that required surgical intervention. Secondary cage displacement caused a sever nerve root compression in one patient. An acute infected hematoma caused pyelonephritis due to obstruction of the ureter in another patient. These two patients had a good late evolution.

Reported late complications are primarily related to sagittal imbalance that causes strain on the posterior fixation and non-union of the arthrodesis. In our series, we reported two cases of non-union that required surgical revision.

Our fusion rate was evaluated at 88% (grade A of Lenke classification [START_REF] Lenke | Results of in Situ Fusion for Isthmic Spondylolisthesis[END_REF]). This fusion rate was concordant with the values reported in the literature (84-100%) [16]. Moreover, this fusion rate is similar to the fusion rates without BMP of L5-S1 ALIF 93.1% (range, 77.2%-98.2%), but slightly lower than L5-S1 TLIF 99.3% (range, 96.7%-99.8%) [18]. This comparison of fusion rates should be interpreted with caution because of the small number of cases in our series. It is important to emphasize that we achieved a high fusion rate using only bone substitutes that were soaked in autologous blood. This technique was also employed by Silvestre et al. [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF].

Reported mean follow-up of OLIF using a surgical corridor lateral to the iliac vessels is less than 18 months [START_REF] Chung | Use of an Alternative Surgical Corridor in Oblique Lateral Interbody Fusion At the L5-S1 Segment: A Technical Report[END_REF][START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]. Our mean follow-up period was 28,3 months (6-59 months). The follow-up period in our series remain the longest published to date.

Reported blood loss for OLIF varied from 67.8 to 260 mL and duration from 55 to 145 minutes [16]. In our series, blood loss is concordant with that reported in the literature. However, our operating time is above published time. This may be explained by the important anatomical variation of the location of the ilio-lumbar vein that increased the dissection time.

Hospital length of stay was reported at 7.1 ± 3.5 day by Silvestre et al. [START_REF] Silvestre | Complications and Morbidities of Mini-Open Anterior Retroperitoneal Lumbar Interbody Fusion: Oblique Lumbar Interbody Fusion in 179 Patients[END_REF]. Our mean hospital length of stay was 11 days (2-24 days). This high hospital length of stay may be explained by performing posterior fixation in two separate surgical time in twelve patients as well as by the delays of obtaining admission to a rehabilitation center.

This study has a few limitations. Since it was a retrospective study, it was difficult to quantify the pain and walking distance improvement with validated functional scores or pain scales. Moreover, the study was purely descriptive since there was not any control group (patients who underwent PLIF/TLIF or ALIF).

However, this series consolidates the idea that OLIF remains a safe and effective way to treat lumbar pathologies even for the L5-S1 level. Since the population of this study is small, further studies are required to fully ascertain long term results and complication of mini-open anterolateral interbody fusion for L5-S1 level.

Conclusion:

This is the first study, to our knowledge, to report late results and complications of mini-open anterolateral interbody fusion at L5-S1 using a lateral corridor to the iliac vessels. Also, it has the longest follow-up period yet to be reported for this approach. Our study further proves the safety and efficacy of mini-open anterolateral interbody fusion for L5-S1 level.
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  complications included psoas paresis (3 patients) and ileus (1 patient). No ureteral lacerations occurred in our series. Other minor complications included anemia (2 patients), pain (1 patient), screw misplacement without any neurological or visceral complications (1 patient), post-operative delirium (1 patient), and, pulmonary atelectasis (1 patient). Late complications Two patients presented late complications. The first patient (patient n°3) presented a proximal junction kyphosis associated with a non-union in L5-S1. The second patient (patient n°13) presented a non-union in L5-S1 with screw loosening.
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