A Joud 
email: a.joud@chru-nancy.fr
  
I Stella 
  
O Klein 
  
MD Joud Anthony 
  
  
DIFFUSE INFILTRATIVE PONTINE GLIOMA BIOPSY IN CHILDREN WITH NEURONAVIGATION, FRAMELESS PROCEDURE: A SINGLE CENTER EXPERIENCE OF 10 CASES

Keywords: 

Introduction

This study presented pediatric DIPG 's biopsy with frameless Neuronavigation .

Patients and methods

We report our experience about 10 patients who had Diffuse Intrinsic Pontine Glioma between 2014 and 2018. All patients were biopsied with BrainLab Varioguide Neuronavigation®. We always used fusion between specific CT Scan and MRI to selected target, made planning and biopsies. All patients were included in BIOMEDE after scientific and ethic discussions. We always selected a trans-cerebellar trajectory and made same procedure (lot of biopsies at one level). All patients have MRI at J1 to verify site of biopsy and to eliminate complication.

Results

The average age was 8.1 years. Symptoms were common with principally headaches and nystagmus. All biopsies were contributive for histopathological diagnosis and establish molecular profile for molecular study. We have no definitive morbidity and procedure duration was 93 minutes in average. All MRI didn't showed intracranial complication after procedure and showed great precision of biopsy compared with the selected target.

Discussion

We reviewed the literature and compare our results with series of DIPG biopsies using stereotactic frame or robotic assisted frameless. It was a safe, accuracy and easiness procedure. We always have histopathological and molecular result to proceed next step of treatment. This modality is an alternative possibility to biopsy very young patients with low morbidity.

Introduction:

Diffuse Intrinsic Pontine Gliomas (DIPG) is an infiltrative masse lesion which occurs in the ventral pons. The median age of presentation is between 5 and 9 years [START_REF] Walker | Conference Consensus Group (2013): a multidisciplinary consensus statement concerning surgical approaches to low-grade, high-grade astrocytomas, and diffuse intrinsic pontine gliomas in childhood (CPN Paris 2011) using the Delphi method[END_REF] and the incidence is equal among males and females [START_REF] Jallo | Brainstem gliomas[END_REF]. The overall survival (OS) ranged from 9 to 12 months from diagnosis to death [START_REF] Hargrave | Diffuse Brainstem glioma in children: critical review of clinical trials[END_REF][START_REF] Jansen | Survival prediction model of children with diffuse intrinsic pontine glioma based on clinical and radiological criteria[END_REF]. Response to radiation therapy is transient and chemotherapy has not improved long-term survival.

For decades, usefulness of biopsy in this kind of lesion has been controversial [START_REF] Albright | Magnetic resonance scans should replace biopsies for the diagnosis of diffuse brain stem gliomas: a report from the Children's Cancer Group[END_REF].

Information given from MRI imaging has been considered enough by many authors as well in several institution to assure diagnosis of DIPG thanks to such characteristic features [START_REF] Albright | Magnetic resonance scans should replace biopsies for the diagnosis of diffuse brain stem gliomas: a report from the Children's Cancer Group[END_REF], thus avoiding surgical morbidity. More recently, in France as well as in other countries, oncological progress has justified a wider use of biopsy in order to find biomarkers and new molecular targets, to develop innovative therapies and to improve prognosis of the patients [START_REF] Puget | Biopsy in a series of 130 pediatric diffuse intrinsic pontine gliomas[END_REF].

Nowadays, some teams have a great experience in stereotactic biopsy of DIPG [START_REF] Puget | Biopsy in a series of 130 pediatric diffuse intrinsic pontine gliomas[END_REF], giving an important contribution to research in this topic.

Biopsy on pediatric DIPG yielded 96% to 100% diagnosis with less than 5% morbidity and no mortality [START_REF] Puget | Biopsy in a series of 130 pediatric diffuse intrinsic pontine gliomas[END_REF][START_REF] Rajshekhar | Computerized tomography-guided stereotactic surgery for brainstem masses: a risk-benefit analysis in 71 patients[END_REF][START_REF] Mcgirt | Independent predictors of morbidity after imageguided stereotactic brain biopsy: a risk assessment of 270 cases[END_REF].

However, we think that further improvement might be realized using new surgical technologies like Neuronavigation system.

Although a reliable technique, stereotactic systems are difficult to use in very young patient or in a context of emergency. To date, frameless Neuronavigation procedures have not been reported in the literature. The aim of this study was to report our experience to perform biopsies of pediatric DIPG by using a frameless Neuronavigation procedure. To date, infratentorial frameless Neuronavigation procedures have not been reported in the literature, although it has already been mentioned for supratentorial ones [START_REF] Guo | Techniques for Stereotactic Neurosurgery: Beyond the Frame, Toward the Intraoperative Magnetic Resonance Imaging-Guided and Robot-Assisted Approaches[END_REF][START_REF] Buchalla | Frameless navigated biopsy with the BrainLAB® Varioguide system: a technical note[END_REF] 

Patients and methods:

We retrospectively collected data of the children with highly suspected diagnosis of DIPG on imaging, who benefited from frameless Neuronavigation biopsy at our institution between 2014 and 2018. Ten patients have been identified and included in the series, whose diagnosis of DIPG was confirmed in all cases and all DIPG were included in the study.

All of them were biopsied with BrainLab Varioguide Neuronavigation® and iPlan Software ®; all the procedures were performed by the same operator (AJ).

The decision to biopsy and to include patients in BIOMEDE protocol was discussed during a multidisciplinary staff with radiologist, onco-pediatrician, radiotherapist and neurosurgeon.

All the DIPGs were all included in this protocol; the purpose was extensively discussed with parents and written consent was collected for each patient in the series.

Biopsies have been realized using a standardized protocol as follow.

Three-dimensional injected T1-weighted sequences and FLAIR images of diagnostic MRI were fused with new CT-scan images. Specific Neuronavigation CT scan is mandatory to assure precise procedure with excellent bone's definition to acquire the landmarks.

Target, entry point and trajectory were calculated with BrainLab iPlan software®.

The patient was installed in semi sitting position under general anesthesia (figure 1) which allowed a better acquisition of facial 3D landmarks. Pre-operative cardiac ultrasound was not judged necessary due to estimated low risk of air embolism in such a short and minimally invasive procedure and we didn't report any complication. The head was fixed with three pins head-older. We determined the entry point, the trajectory and reported coordinates to the Varioguide. Everything was made step by step, with verification by two different surgeons.

We made 1 cm skin incision, a 4 mm drill-hole in the skull and we introduced trocar prudently to target.

We realized 4 to 6 different biopsies only at one level. After, we closed the skin with absorbable suture.

We always used a trans-cerebellar trajectory by the middle cerebellar peduncle to access DIPG, to reduce surgical morbidity. Whenever possible, we selected a target with contrast enhancement. When there is no contrast enhancement, we selected a secure target in the lateral part of the Pons. The trans-cerebellar trajectory was based on operator's preferences.

During post-operative period, all children had an MRI, as required by BIOMEDE protocol, to verify proper site of biopsy and to verify the correspondence between the target and the sample.

Results

Data of 10 children treated at our institution with BrainLab Varioguide Neuronavigation® between 2014 and 2018 have been collected. The average age at presentation was 8.1 years, ranging from 3 to 13. Male-female ratio was 1:1 (5 males and 5 females).

Most common presenting symptom in this series was headaches (found in five patients), followed by ataxia and oculomotor palsy (found in 3 cases) and the last 2 had Central Facial palsy.

All tumors observed satisfied DIPG standard definition, with more than 50% of brainstem involved. In all cases, pons was the principal affected structure, with mesencephalic extension found in three cases. Two patients didn't have contrasted enhancement on MRI and we have selected a target with that in 7 out of 8 cases.

Only one patient had bradycardia during procedure, without real hemodynamic instability, but requiring atropine with benefit. All biopsies were contributive for histopathological diagnosis; 1 patient has WHO grade II glioma, 5 patients have grade III glioma and 4 had grade IV glioma, conforming to WHO classification. In all cases, molecular profile was established using a mean of 4.7 samples, while one sample was used for histopathological diagnosis (table 1).

Post-operative neurological impairment was observed only in one case, who presented transient nystagmus during three weeks. There was no definitive morbidity, and the mean procedure duration was 93 minutes (extremes: 75 to 110 minutes).

The above mentioned post-operative MRI at J1 with axial T2-weighted and FLAIR sequences didn't show intracranial complication in any case. The difference between the pre-operative target and the control (viewed on MRI) was under 4 mm (3,4 mm) with 3DT1 images fusion.

All patients were discharged from Neurosurgery unity before 72 hours after the procedure.

Patients benefited from fractionated radiotherapy (54 Gy in 30 days), as previously stated by multidisciplinary team.

Discussion

During many years, DIPG's diagnosis has been based on MRI highly specific imaging and on clinical features [START_REF] Albright | Magnetic resonance scans should replace biopsies for the diagnosis of diffuse brain stem gliomas: a report from the Children's Cancer Group[END_REF] and any kind of surgical treatment was strictly proscribed. During 15 years, some teams have been realizing stereotactic biopsy of DIPG in order to perform molecular analysis and to develop new target and treatment [START_REF] Roujeau | Stereotactic biopsy of diffuse pontine lesions in children[END_REF] with specific protocols have been created in this optic like BIOMEDE. BIOMEDE is a clinical and molecular study which compares efficiency and safety of different drugs (Everolimus, dasatinib and erlotinib) which were given to patients with DIPG based on recognized molecular target.

Reviewing the literature, we found several publications reporting the use of stereotactic frame DIPG biopsy [START_REF] Puget | Biopsy in a series of 130 pediatric diffuse intrinsic pontine gliomas[END_REF][START_REF] Roujeau | Stereotactic biopsy of diffuse pontine lesions in children[END_REF] or robotic assisted frameless ones [START_REF] Lefranc | Frameless robotic stereotactic biopsies: a consecutive series of 100 cases[END_REF][START_REF] Coca | Diffuse intrinsic pontine gliomas in children: Interest of robotic frameless assisted biopsy. A technical note[END_REF] and a lot of papers [6,8,9,11] had showed that biopsies were secure with low morbidity.

On the contrary, there are no description about frameless Neuronavigation-guided procedures.

We thus show our experience with Neuronavigation technique (BrainLAB Neuronavigation and Varioguide).

Compared with frame-assisted techniques, which requires immediate per-operative imaging under general anesthesia, the use of Neuronavigation reduces drug's exposure and overall operative duration. Moreover, it avoid frame positioning which could be difficult in very young patients, due to obvious anatomic reasons.

We used a target with contrast enhancement whenever possible like others series [START_REF] Puget | Biopsy in a series of 130 pediatric diffuse intrinsic pontine gliomas[END_REF] even recent study showed that T2-weighted images are superior to others to provide best discrimination of intratumoral heterogeneity [START_REF] Harward | T2-weighted images are superior to other image types for the determination of diffuse intrinsic pontine glioma intratumoral heterogeneity[END_REF]. The good precision of this technique can be assured by prior fusion of cerebral MRI and CT scan, and confirmed by post-operative MRI, which showed an air spot at biopsy level. We compared the target which was selected and all post operative MRI to evaluate the biopsy precision and we found a margin error of 3,4 mm. Needle progression from cortical surface to the target can be easily followed on Neuronavigation screen during all the procedure, allowing the surgeon to be aware of needle precise position in case of vital parameters anomaly.

We didn't have long lasting complication. Moreover, neither hemorrhagic or ischemic complications have been detected on postoperative MRI in any case.

Histopathological and molecular diagnosis could be assessed in all 10 patients included in our series, proving the usefulness of Neuronavigation-guided biopsy, with accuracy and easiness, as diagnostic tools for DIPG in children.

Conclusion

The use of frameless Neuronavigation to perform biopsy in children with DIPG has not previously been described in the literature. It can be a valuable diagnostic alternative in the pediatric population, carrying the advantage to reduce anesthesia exposure during intervention and to avoid frame positioning, which can be very difficult in very young patients.

Evaluation of our series of ten children with DIPG who were operated on with Neuronavigation system confirmed the usefulness of this technique. Histopathological and molecular results were assured in all cases, with acceptable morbidity rate.
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 1 Figure 1: Patient in semi sitting position during the frameless neuronavigation procedure
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 2 Figure 2: DIPG biopsy with Neuronavigation. Screenshot after facial's morphing with CT Scan
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 3 Figure 3: Planning with transcerebellar trajectory to the target in the medial part of contrast

  

  

Table 1 :

 1 Summary of demographic, clinical, radiological and biological results of 10 cases of DIPG.