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Introduction

Isthmic spondylolisthesis (ISPL) affects 3 to 7% of the general population [START_REF] Nazarian | Spondylolysis and spondylolytic spondylolisthesis. A review of current concepts on pathogenesis, natural history, clinical symptoms, imaging, and therapeutic management[END_REF][START_REF] Mangione | Sagittal balance of the spine[END_REF].The acquired nature of this vertebral glide is now well accepted. It most often concerns the L5-S1 disc [START_REF] Nazarian | Spondylolysis and spondylolytic spondylolisthesis. A review of current concepts on pathogenesis, natural history, clinical symptoms, imaging, and therapeutic management[END_REF] in patients typically with a large pelvic incidence [START_REF] Mangione | Sagittal balance of the spine[END_REF][START_REF] Hanson | Correlation of pelvic incidence with low-and high-grade isthmic spondylolisthesis[END_REF]. Induced sagittal deformation involves spinal and pelvic compensation to ensure a postural and sagittal balance. This regularly leads to degenerative degradation of the overlying stage, that is to say most often L4-L5.

When surgery is considered, it readily corresponds to a lumbosacral arthrodesis whose technique varies according to the authors. Anterior arthrodesis (ALIF) find an increasing place due to their effectiveness in terms of deformation, fusion and reduction [START_REF] Wang | Fusion techniques for adult isthmic spondylolisthesis: a systematic review[END_REF]. Some forms of L5-S1 ISPL lead to extending the arthrodesis to the L4-L5 level. These are cases of L5 pedicles hypoplasia, high-grade spondylolisthesis with lumbosacral kyphosis, or associated degenerative lesions of disc L4-L5. Anterior L4-L5 disc surgery is associated with incidence rates of major venous wounds ranging from 2.9% to 15.6% [START_REF] Baker | Vascular injury in anterior lumbar surgery[END_REF][START_REF] Wood | Vascular injury in elective anterior lumbosacral surgery[END_REF][START_REF] Fantini | Major vascular injury during anterior lumbar spinal surgery: incidence, risk factors, and management[END_REF][START_REF] Quraishi | Access related complications in anterior lumbar surgery performed by spinal surgeons[END_REF][START_REF] Hamdan | Vascular injury during anterior exposure of the spine[END_REF]. They are more frequent at this level [START_REF] Wood | Vascular injury in elective anterior lumbosacral surgery[END_REF][START_REF] Hamdan | Vascular injury during anterior exposure of the spine[END_REF] due to dissection imposed by the iliocava junction (ICJ) position and the existence of a iliolumbar venous network whose anatomy is variable [START_REF] Diesinger | Preoperative phlebography in anterior L4-L5 disc approach. Clinical experience about 63 cases[END_REF].

The conformational changes of the lumbosacral hinge due to vertebral sliding and lumbosacral kyphosis can modify the anatomical relationship between the vascular structures and the spine. The main goal of this work was to describe the vascular ratios of the lumbosacral spine in terms of vertical distance of the ICJ to the L4-L5 disc in the context of a L5-S1 ISPL. Secondly, the factors influencing the ICJ position were sought in order to identify a predictive model of high ICJ.

2 Material and method 4

Population

This retrospective bicentric study involved a continuous series of patients operated on for ISPL L5-S1 between January 2010 and January 2016. The subjects had to have reached bone maturity (Risser 5), to have a sectional imaging: injected computed tomography (CT) or magnetic resonance imaging (MRI) as well as face and profile X-rays, ideally of full-spine type, at least centered on the lumbosacral hinge. Patients with a frontal spinal deformity (Cobb angle>10°), a vertebral fracture or a history of hip or spine surgery, were excluded. An institutional ethics committee agreement on non-interventional research, referenced E2017-16, was obtained. All participating subjects gave their consent to the use of their anonymized data.

Analyzed parameters

Epidemio-morphological data such as age, gender, body mass index, were collected. The ISPL were described by their sliding percentage of L5 on S1 according to the Taillard classification [START_REF] Taillard | Trauma and spondylolisthesis[END_REF], by rank according to the Meyerding classification [START_REF] Meyerding | Spondylolisthesis[END_REF] and by lumbo-sacral angle (LSA) measurement as described by Dubousset [START_REF] Dubousset | Treatment of spondylolysis and spondylolisthesis in children and adolescents[END_REF]. Sagittal balance analysis was performed using the Keops Spine Software (SMAIO ® , Lyon, France) combining pelvic parameters: pelvic incidence (PI), pelvic tilt (PT) and sacral slope (SS) and spine parameters: lumbar lordosis between L1 vertebra and sacrum (LL), lumbar lordosis between L4 upper endplate and the sacral endplate (LL4S1), C7 tilt and spinosacral angle (SSA).

Vascular analysis was performed from MRI or CT, injected sectional imaging examination. The distance in millimeters between the ICJ and the L4 lower endplate was measured. The same was true for the aortic bifurcation level. By convention, the measurements were positive when the ICJ was located above the L4 lower endplate and negative if not. Three-dimensional vascular analysis was performed with a dedicated workstation and volumetric CT or 3D MRI post-contrast acquisitions.

The ICJ was identified on both coronal and transverse views as the confluence point of the common iliac veins into the vena cava. Then, on sagittal views, the vertical distance from this point to the L4 lower endplate was measured in millimeters. The same procedure was performed for the aortic bifurcation. By convention, measurements were positive when the ICJ was located above the L4 lower endplate and negative if not.

Statistical analysis

The R 3.1 software (www.r-project.org) associated with the Lars add-on was used. Missing LL data has had a simple imputation in a regression model explaining the LL from the PI and the Taillard index with a random residue. A descriptive analysis of the series was carried out using usual dispersion parameters. A bivariate analysis using Pearson's linear correlation was performed between the ICJ position and the 9 radiological parameters of ISPL and sagittal balance. A Student test was used to compare the average position of the ICJ, depending on the ISPL grade. A Bonferroni correction was applied to these 10 tests, which were considered significant for an adjusted p<.05. The two-by-two correlations between ISPL measurements or sagittal measurements were described in a correlation matrix. A multivariate regression analysis by a penalized Least-type absolute shrinkage and selection operator (LASSO) was also conducted with an estimation of the coefficient of determination (R2) with bootstrap [START_REF] Efron | Bootstrap methods: another look at the jackknife[END_REF]. Sensitivity, specificity and predictive values were estimated from a validation bootstrap sample different from the training one.

Results

Descriptive study

This study included 97 patients with an average age of 48 years old (± 17) with a sex ratio of 0.64 in favor of women (Table 1). The full-spine X-rays were only available for 60 patients (61.9%). Other patients had lumbar spine radiographs (n = 37; 38.1%). All grades according to the Meyerding classification were represented. The average L5 on S1 slippage according to Taillard index was 40% (± 21). The average LSA value was 107° (± 20). The overall sagittal balance analysis resulted in an average C7 tilt of 4°(± 3) and an average SSA of 137°(± 12).The sectional vascular study was obtained from 68 CT-scan (70.1%) and 29 MRI (29.9%). The average distance between the L4 lower endplate and the ICJ was 1.8 mm (± 16.4). The average distance between the aortic bifurcation and the L4 lower endplate was 17.8 mm (± 15.4).

Analytical study

The ICJ was significantly more cranial in the high-grade spondylolisthesis (≥ 3), with an average ICJ distance equal to 11.7 mm (± 14.4) (Table 2), compared to low-grade forms (mean -1.4 mm ± 15.7; padjusted <.01) (Figure 1).The ICJ position was correlated with the sliding magnitude appreciated according to the Taillard index (r = 0.39; CI95% adjusted [0.13; 0.61]; padjusted <.001) (Table 3).The correlation between ICJ and LSA was significant (r = -0.33; CI95% adjusted [-0.56; -0.06]; padjusted <.01).The PI, PT and LL were correlated to the ICJ position (respectively r = 0.52; CI95% adjusted [0.28; 0.70]; padjusted <.0001, r = 0.43, CI95% adjusted [0.17; 0.64]; p<.0001, r =0.49; CI95% adjusted [0.24; 0.68]; padjusted <.0001).The L4-sacrum lordosis was not significantly associated with the ICJ position (r = -0.09; CI95% adjusted [-0.36, 0.2], p=1). These various correlations are illustrated in Figure 2a and2b. 

Discussion

Spondylolisthesis surgery regularly includes an ALIF arthrodesis involving mostly L5-S1 but sometimes also L4-L5 [START_REF] Jacobs | Fusion for low-grade adult isthmic spondylolisthesis: a systematic review of the literature[END_REF][START_REF] Riouallon | Outcomes of anterior lumbar interbody fusion in low-grade isthmic spondylolisthesis in adults: a continuous series of 65 cases with an average follow-up of 6.6 years[END_REF]. The analysis of vascular anatomical relationship of the lumbosacral hinge is therefore of interest in therapeutic planning because, in case of L5S1 ISPL, L4-L5 anterior access can be done in the fork of the vessel without dissection of the upper edge of the left iliac vein.

Isthmic spondylolisthesis

Sliding linked to a solution of continuity in connection with pars interarticularis generates many pathophysiological assumptions [START_REF] Marcheiti | Classification of spondylolisthesis as a guideline for treatment. The textbook of spinal surgery[END_REF]. It most often concerns the L5-S1 stage in patients with high PI [START_REF] Nazarian | Spondylolysis and spondylolytic spondylolisthesis. A review of current concepts on pathogenesis, natural history, clinical symptoms, imaging, and therapeutic management[END_REF]. The induced strain on the lumbosacral junction combines sliding with a sacrum verticalization (corresponding to pelvic retroversion). It is studied in terms of sliding percentage [START_REF] Taillard | Trauma and spondylolisthesis[END_REF] and lumbosacral kyphosis [START_REF] Dubousset | Treatment of spondylolysis and spondylolisthesis in children and adolescents[END_REF]. The predisposition of patients with high PI and therefore large LL has been the object of literature review [START_REF] Passias | Surgical Treatment Strategies for High-Grade Spondylolisthesis: A Systematic Review[END_REF]. This series confirms these results with a median PI of 71.7° and an average LL of 66.7° (± 13.9). The study population consists of 24.7% of high-grade ISPL.

This high rate can be explained by the selection of patients treated surgically, mostly with severe forms of ISPL. The compensatory factors used to maintain a suitable LL and more broadly a pelvicspinal sagittal balance are prognostic evolution factors. Solicited from adolescence, they are most often well tolerated or even asymptomatic. It is in adulthood that longitudinal studies have described the occurrence of overlying and underlying disc degradations [START_REF] Saraste | Long-term clinical and radiological follow-up of spondylolysis and spondylolisthesis[END_REF][START_REF] Danielson | Roentgenologic assessment of spondylolisthesis. I. A study of measurement variations[END_REF]. Sagittal balance was generally maintained with an average C7 tilt of 4° (± 3) and an average SSA of 137° (± 12) without full pelvic retroversion (average PT 21° ± 10).

Vascular anatomical correlations

ISPL induces an acquired geometric deformation of the lumbosacral hinge that most likely alters its anatomical relationship. This hypothesis has led us to investigate in this pathology the relative positions of the spine and the ICJ.

Several studies have analyzed these anatomical relationships outside a context of ISPL because of their interest in surgically approaching the L5-S1 and L4-L5 discs during an ALIF [START_REF] Baker | Vascular injury in anterior lumbar surgery[END_REF][START_REF] Diesinger | Preoperative phlebography in anterior L4-L5 disc approach. Clinical experience about 63 cases[END_REF]. The ICJ is most often applied to the L4-L5 disc or to the L5 vertebral body [START_REF] Pirró | The anatomical relationship of the iliocava junction to the lumbosacral spine and the aortic bifurcation[END_REF][START_REF] Vraney | Peridiscal vascular anatomy of the lower lumbar spine. An endoscopic perspective[END_REF] with respective distributions of 59.4 and 26.2% according to Capellades et al. [START_REF] Capellades | Magnetic resonance anatomic study of iliocava junction and left iliac vein positions related to L5-S1 disc[END_REF]. It is therefore conventional to access the L5-S1 disc between the two iliac veins under their junction.

In this series, all patients had an ICJ above the L5-S1 disc. The results also show that in the case of high-grade ISPL, the ICJ is regularly found above the L4-L5 disc. The position correlations of the ICJ with the sliding percentage and the lumbosacral angle suggest a morphological explanation. The acquired lumbosacral deformation would "incline" the L4-L5 disc under the ICJ (Figure 4). It then becomes accessible between the iliac veins by the same approach as disc L5-S1. This aspect specific to the treatment of ISPL L5-S1 has not been described in our review of the literature. The position of the left iliac vein (LIV) can indeed be problematic and must be integrated in the planification.

Nevertheless, the question is to mobilize the LIV laterally, if necessary, instead of medialize it. It could, then, avoid a dissection and a ligation of the iliolumbar vein.

The descriptive criteria used allow us to define predictive factors for high ICJ (located above L4-L5 disc). This respectively refers to the sliding intensity according to Taillard and the lumbosacral kyphosis intensity according to LSA. Multivariate analysis using a LASSO regression model involves the intensity of the sliding, PI and PT in the ICJ's positional prediction. The model obtained expresses a physiopathological association between the ICJ position, the intensity of the sliding, the PI and the LL. On the other hand, the determination coefficient value is not compatible with a predictive performance that can be used in clinical practice. The use of a continuous variable could be discussed but it is intended to demonstrate a statistical correlation between the different parameters. This does not obviate the need for an individual study of each patient's imaging to investigate the possibility of this technical option.

Technical surgical interests

Lumbosacral hinge arthrodesis are exposed to high nonunion rates [START_REF] Boos | Treatment of severe spondylolisthesis by reduction and pedicular fixation. A 4-6-year follow-up study[END_REF][START_REF] Suk | Adding posterior lumbar interbody fusion to pedicle screw fixation and posterolateral fusion after decompression in spondylolytic spondylolisthesis[END_REF]. These consolidation defects are increased in the case of isthmic lysis spondylolisthesis by persistent local instability and poor bone grafting conditions. Some teams suggest circumferential arthrodesis in treatment system including ALIF time. In some cases, an L5-S1 isthmic lysis spondylolisthesis may justify proximal extension of L4 lumbar spinal arthrodesis and therefore include the L4-L5 disc. These are the forms in which the L4-L5 disc has MRI abnormalities to avoid the rapid onset of junctional degradation overlying arthrodesis. This strategy also concerns highly displaced forms of ISPL in order to increase the quantity and quality of proximal instrument catheters. According to the results analyzed in our series, the ALIF L4-L5 can sometimes be realized between the iliac veins under the ICJ (Figure 5a and5b). When it is feasible, it reduces the risk of hemorrhage associated with a translation to the right of the left iliac vein and of the vena cava required for access to the disc. In addition, it allows to work in the axis of the spine. It also secures anterior screwings or transfixing transplant methods [26]. The association between LASSO regression model parameters cannot be used for predictive purposes of the ICJ position. The latter must be confirmed by specific vascular imaging in clinical practice. Moreover, our strategy systematically corresponds to an anterior-posterior approach. But, for a posterior-anterior approach, the anatomical relationship between the vascular structures and the spine would not be pertinent through preoperative imaging. Indeed, it could be modified by the reduction related to the posterior arthrodesis.

Statistical validity

This work is based on a quite short series of 97 patients. The proportion of high-grade ISPL is not representative of the general population because it concerns a retrospective series of operated patients, therefore often more severe. However, the obtained correlations are confirmed by a correction of multiple tests. The LASSO model predictive performances are not overestimated because the method used a validation bootstrap sample different from the training one. Strictly speaking, the posed question is of therapeutic interest only concerning the most severe forms. The predictive coefficients obtained imply the Taillard index, the PI and the LL. The correlations between these parameters and the rather modest sample size suggest that the choice of variables in the LASSO model is not optimal. This model doesn't aim to predict ICJ position in clinical context.

It only significates that if high values of PI, LL and Taillard score are associated, the possibility of L4-L5 disk anterior approach between the iliac veins under the ICJ should be evaluated with a cross sectional imaging.

The other parameters of the sagittal balance could not be completely analyzed because of the inconsistent availability of telescopic shots. However, the influence of parameters such as C7 tilt and SSA on iliocava vascular anatomy remains a priori weak.

Conclusion

The acquired deformation related to the L5-S1 ISPL is associated with a modification of the anatomical ratio between the ICJ and the L4-L5 disc. High-grade forms have an ICJ more cranial than the L4-L5 level. ISPL parameters (Taillard index, LSA) and sagittal pelvic parameters (PI, PT, LL) are correlated with the height of the ICJ. Thus, access to the L4-L5 disc is feasible between the common iliac veins under the ICJ, in particular in the case of L5-S1 high displacement and low LSA. This strategy, similar to the previous exposure used for the L5-S1 disc, makes it possible to limit the vascular risk associated with the dissection and mobilization of the iliac vessels. 

Figures legends

  SSA and C7 tilt variables that had too much missing data. The ICJ position (in millimeters) can be modeled by the following formula where the Taillard index is expressed as a percentage, the PI and the LL in degrees. position = -23.6 -0.0335 x Taillard -0.176 x PI -0.172 x LL This model is associated with a coefficient of determination R² = 0.28; CI95% [0.123; 0.335]. The area under the prediction curve was 0.751 (CI95% [0.698; 0.774]) (Figure3). The optimal threshold for identifying a high ICJ was 0.03 with an estimated Youden index of 0.443 (CI95% [0.350; 0.506]).Model sensitivity is 0.804 (CI95% [0532; 0922]), specificity is 0.634 (CI95% [0518; 0843]), positive predictive value is 0.754 (CI95% [0712; 0829]) and negative predictive value is 0.700 (CI95% [0.571; 0.844]).

Figure 1 :

 1 Figure 1: Representation of the iliocava junction position according to isthmic spondylolisthesis

Figure 2 :

 2 Figure 2: Spondylolisthesis and pelvic measurements correlogram (Figure 2a) (calculated using the

Figure 3 :

 3 Figure 3: Representation of the observed position values of the iliocava junction as a function of

Figure 4 :

 4 Figure 4: Iliocava junction positioned above L4-L5 disc. 3D volume rendering reconstruction.

Figure 5 :

 5 Figure 5: Circumferential L4-S1 arthrodesis performed to treat L5-S1 isthmic spondylolisthesis and

  

  

  

  

Table 1 :

 1 Patient characteristics

	Value (%) or average ± SD
	[Min;Max]

(3.1) Distance between L4 lower endplate and aortic bifurcation (mm)
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