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Pediatric long-term noninvasive respiratory support in children with central nervous system disorders
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| INTRODUCTION

Central nervous system (CNS) disorders are a heterogeneous group of diseases with various malformative, metabolic, genetic or traumatic etiologies.1-8 Sleep disordered breathing and chronic respiratory insufficiency are frequent in this population, as neural structures located in the brainstem, cerebellum or medulla involved in breathing are often impacted.6,9-14 In case of severe obstructive sleep apnea (OSA) or nocturnal hypoventilation, continuous positive airway pressure (CPAP) or noninvasive ventilation (NIV) may be indicated. Indeed, CPAP is an effective treatment for upper respiratory airway obstruction and NIV may assist or replace the defective respiratory muscles or central respiratory drive. [START_REF] Amaddeo | Long-term non-invasive ventilation in children[END_REF] Among CNS disorders, multiple disabilities encompass a large range of diseases of various severity and prognosis, with multiple factors that precipitate chronic respiratory insufficiency, such as repeated infections, ineffective cough, swallowing disorders or severe scoliosis.1 In France, the incidence of multiple disabilities has been estimated between 0.50 and 0.70/1000 children. [START_REF] Juzeau | Epidemiologic study of multihandicapped children in the north of France][END_REF][START_REF] Rumeau-Rouquette | Definition and prevalence of school-age multi-handicaps[END_REF] Despite recent national recommendations, there is still a lack of consensus on respiratory management in this population, especially regarding the use of ventilatory support and airway clearance techniques.1

The use of NIV has greatly developed in the past 10 years, and a recent national French crosssectional study reported a 14-fold increase in the number of children treated with CPAP or NIV between 2000 and 2019.18 This study showed an increase of the use of CPAP/NIV in children with CNS disorders.

The aim of the present study was to analyze the subgroup of children with CNS disorders of the 2019 national survey.18

| MATERIALS AND METHODS

| Patients

This is an ancillary study reporting data on children with CNS disorders. The initial study was a national cross-sectional survey performed among the French national pediatric NIV/CPAP network which gathers 27 pediatric university centers distributed among 24 cities. [START_REF] Fauroux | Paediatric long term continuous positive airway pressure and noninvasive ventilation in France: a cross-sectional study[END_REF] For the present survey, the detailed methodology has been published in the original article.18 Data were collected through an anonymous questionnaire filled for every child presenting with a CNS disorder, under noninvasive ventilatory support (NIV or CPAP) for more than 3 months on 1st June 2019. A small number of adult patients who were still followed in a pediatric center were also included in this study. The original study obtained the ethics committee approval (Comité d'Ethique de Necker Enfants malades, CENEM, No. CENEM19-5-BF) on March the 7th 2019, and all patients aged >6 years and parents gave their informed consent.

The following data were collected: age, gender, diagnosis, investigations performed before the NIV/CPAP initiation, parameters that led to the decision of NIV/CPAP treatment, NIV/CPAP duration, mean objective adherence to treatment during the last month obtained from the device built-in software, type of interface and NIV/CPAP device (life support ventilator: for use ≥16 h/24, full range of alarms, internal + external batteries ≥8 h and allows patient's mobility; intermediate: use between 8 and 16 h/24, basic alarms, internal battery ≥2 h; standard: use at night, no alarms, no battery), and the use of additional technologies such as supplemental oxygen therapy or airway clearance devices. The patients with CNS disorders were classified into five diagnostic groups: (1) multiple disabilities, (2) non-tumor spinal cord injury, (3) central alveolar hypoventilation, (4) CNS tumors and (5) others CNS diseases.

| Statistical analyses

Statistical analyses were performed using the pvalue.io Software. Descriptive statistics summarized patient's characteristics and NIV/CPAP technology. The variables were expressed as median [interquartile range, IQR]. Group comparisons were performed using the one way analysis of variance test or the Kruskal-Wallis one way analysis of variance on ranks test in case of nonparametric data. Comparisons between two groups were done using the ttest, or the Mann-Whitney Rank Sum test in case of nonparametric data. Comparisons of quantitative data were done using the Chi-square test. A p value <.05 was considered for significance.

| RESULTS

| Patients

One hundred and eighty-two patients with a median age of 10.2 [5.4; 14.8] years old at inclusion (range: 0.3-25 years old) treated with long-term NIV or CPAP were included in this study. The number of patients per center ranged from 0 to 20 patients. Nine patients (5%) were over 18 years old. Among these 182 children, 63 (35%) had multiple disabilities, 35 (19%) a non-tumor spinal cord injury, 22 (12%) a CNS tumor, 26 (14%) a central alveolar hypoventilation (CAH), and 36 (20%) other unclassified CNS diseases. The specific diagnoses found in each group of children are presented in Table 1.

| Noninvasive ventilatory support

Median age at NIV/CPAP initiation was 6.7 [2.3; 12.0] years old (range: 4 days to 22 years old), and was statistically different between subgroups (Table 2). Children in the CAH group were significantly younger, and children in the multiple disabilities group significantly older than children in the other groups (p < .001). Median [IQR] duration of NIV/CPAP treatment at the time of the survey was 1.9 [0.6; 3.8] years. It was significantly longer for patients with CNS tumors and CAH compared to the other groups (p < .01). Seventy-five percent of the patients were treated with NIV, 23% with CPAP (with only three patients in auto-set CPAP and 2% with adaptive servo-ventilation. NIV was predominantly used in all subgroups, especially in non-tumor spinal cord injury and CAH (89% and 88%, respectively).

Investigations performed before NIV/CPAP initiations are presented in Table 3. Nocturnal pulse oximetry (SpO 2 ) and transcutaneous carbon dioxide pressure (PtcCO 2 ), alone or coupled with Poly (somno)graphy (P(S)G), were the most frequently performed investigations (in 29% and 34% of the patients, respectively). In 20 (11%) children, no investigation was performed. Nocturnal gas exchanges were the most common investigation in patients with multiple disabilities.

NIV/CPAP initiation was based on nocturnal SpO2 and/or PtcCO 2 in 34% of the patients, apnea-hypopnea index (AHI) in 23% of the patients, and the association of AHI and nocturnal gas exchange recordings in 25% of the patients. NIV/CPAP initiation was performed on an acute setting (clinical criteria) in 10% of the patients, mainly in patients with non-tumor spinal cord injury and multiple disabilities (Table 3).

NIV adherence and equipment are presented in Table 4. Median NIV/CPAP adherence was good with a median use of 8.0 h per night. Overall, 22 children (12%) used the ventilatory support device less than 4 h/day, with higher rates of nonadherence in the multiple disabilities and other CNS diseases groups (17% and 19%, respectively). A use of NIV ≥16 h/day was exceptional. Intermediate and life support devices were the most frequently used (37% and 38% of the children, respectively). Seventy three percent of patients with central alveolar hypoventilation were prescribed life support devices. Standard devices were used in 41% of children with CNS tumors.

Nasal mask was the most commonly used interface (70% of the total population), followed by nasobuccal interface (21% of the total population). Settings are described in Table 4. Airway clearance techniques were used by only 56 (31%) patients, more frequently by patients of the non-tumor spinal cord injury, multiple disabilities or others CNS diseases subgroups (Table 5). Among children being prescribed airway clearance devices, the majority of the patients (73%) had one device: intermittent positive pressure breathing (IPPB, 45%), mechanical in-exsufflator (MI-E, 25%) or intrapulmonary percussive ventilation (IPV, 4%).

| DISCUSSION

This study provides a unique national overview of the use of longterm ventilatory support in children with CNS disorders. Children with multiple disabilities composed the largest subgroup with 63 (35%) patients. NIV was the most frequent ventilatory mode, in 75% of children, and the main initiation criteria for CPAP/NIV was nocturnal gas exchange recordings, alone or coupled P(S)G (63%).

Treatment adherence was considered good (>4 h/day) in almost 90% of patients. The use of airway clearance devices remained relatively low, considering that only 31% of the overall population and 43% of children with multiple disabilities were prescribed at least one device. Long term NIV/CPAP has greatly increased in children during the past 20 years, with a concomitant decrease of invasive ventilation. 2,18-23 This evolution is explained by an increased survival of children with complex diseases including those with CNS disorders, development of home care, improvement of devices that are now better adapted to children, better screening of sleep disordered breathing and finally development of pediatric centers with an expertize in long term ventilatory support. [START_REF] Gulla | Technology-dependent children[END_REF] The number of children treated with long-term noninvasive ventilatory support in France has increased from 102 to 1447 between 2003 and 2019.18 During this period, the number of children with CNS disorders treated by NIV/CPAP has been multiplied by 16, from 11 to 182 children.18 Similar trends have been observed in Canada, Italy, and Spain. [START_REF] Castro-Codesal | Longitudinal changes in clinical characteristics and outcomes for children using long-term non-invasive ventilation[END_REF][START_REF] Cortés | Domiciliary mechanical ventilation in children: a Spanish multicentre study[END_REF][START_REF] Bedi | Predictors of longitudinal outcomes for children using long-term noninvasive ventilation[END_REF][START_REF] Pavone | Characteristics and outcomes in children on long-term mechanical ventilation: the experience of a pediatric tertiary center in Rome[END_REF] Nocturnal gas exchange recordings were the main investigation performed before NIV/CPAP initiation. In 29% of children, it was the sole investigation. It was associated with a P(S)G in 34% of patients. Similarly, NIV/CPAP initiation was decided on the presence of nocturnal hypoventilation (30% of patients), a high AHI (23%) or both (23%). No investigation was performed in 11% of patients, NIV/CPAP was initiated in an acute setting in 10% of children, after weaning of invasive ventilation or in the intensive care unit following an acute respiratory failure. These results differ from those of a previous study on NIV in complex obstructive sleep apnea syndrome (OSAS), including patients with CNS disorders, which reported that 51% of patients did not have any investigation before starting NIV and that in 38% of patients, NIV was initiated in an acute setting.28 This discrepancy illustrates the evolution of the respiratory management of patients with CNS disorders, possibly explained by the increased availability of nocturnal gas exchange recordings and P(S)G, and the improvement in the screening of sleep disordered breathing. [START_REF] Girbal | Non-invasive ventilation in complex obstructive sleep apnea-a 15-year experience of a pediatric tertiary center[END_REF] Except in patients with CCHS and CNS tumors for whom PSG is the gold standard for screening of sleep-disordered breathing, there is a lack of recommendations on the investigations that should be performed before NIV/CPAP initiation, especially in the multiple disabilities group. Recent French national recommendations for children with multiple disabilities recommended nocturnal SpO 2 or PtcCO 2 recordings, and when pathological or in case of suspicion of sleep-disordered breathing, polysomnographic recordings.1 These recommendations have to be put into perspective considering the difficulty of performing complex sleep recordings in patients with neurodisabilities.

NIV was predominantly used in our population, which is concordant with the comorbidities of these patients, which are recognized risk factors for nocturnal hypoventilation (scoliosis, ineffective cough, and repeated lower respiratory tract infections). 1,29 Median inspiratory and expiratory positive airway pressures were 13 and 5 cmH2O, respectively, with patients with CNS tumors requiring higher pressures. This is close to what has been described in the global French pediatric population using ventilator support, and to what has been reported in the European Respiratory Society Statement on pediatric long-term noninvasive respiratory support.18,29 Nasal mask was the most commonly used interface (70%), followed by nasobuccal mask (21%). This is similar to what has been previously described.18,30 In patients with CNS disorders, the use of nasobuccal masks must be very careful, considering the risk of gastro-oesophageal reflux and inhalation in this population. Nasal masks limit this risk but with the risk of unintentional leaks and suboptimal control of sleep-disordered breathing.31

The overall median treatment use in our study population was good, with a median use of 8 [6;10] hours/night. Adherence was considered as poor (<4 h/day) in only 12% of the population, but in 17% of children with multiple disabilities and 19% of children with other CNS diseases. These last results are similar to a study by Girbal et al.28 who reported a poor adherence in 22% of patients with CNS disorders presenting with complex OSAS. Previous studies have suggested that neurocognitive impairment may be associated with a poor adherence, but our results do not corroborate these observations.32-35 Only 31% of children were prescribed at least one airway clearance technique, with half of the patients of the non-tumor spinal cord injury group and 43% in the multiple disabilities group using at least one device. Intermittent positive pressure breathing was the main prescribed technique (19%), while mechanical in-exsufflation and intrapulmonary percussive ventilation were prescribed in 17% and 6% of children, respectively. This was significantly lower than what has been reported in children with neuromuscular diseases, of whom 66% were prescribed at least one airway clearance technique. 36 This is a surprising result considering the common substrate for chronic respiratory insufficiency in these two groups: decreased cough efficiency, increased secretions and scoliosis.1 This result is also in contradiction with national recommendations on the respiratory management of children with multiple disabilities.1 It would be interesting to analyze the management differences in each center to standardize the respiratory care and secretion management in these different groups of patients.

This study has several limitations. The main one is the absence of data on the effect of NIV/CPAP on health outcomes such as quality of life, the necessity of hospitalizations and the frequency of respiratory exacerbations. It does not present precise data on the results of the different investigations, especially on AHI, SpO 2 , PtcCO 2 or blood gas findings. It would also be interesting to report the proportion of patients with multiple disabilities that were screened for sleep-disordered breathing, and the number of patients eventually treated with NIV/CPAP among them. Finally, there is insufficient informations on associated comorbidities such as scoliosis, obesity, ENT associated disorders and epilepsy, which could affect treatment tolerance and evolution.

The number of missing data remained relatively low, mostly under 5%, although data in the central alveolar hypoventilation subgroup are incomplete, considering that the number of included patients with CCHS does not match the number of patients followed in the French reference center. Finally, information on NIV/CPAP failure was not available in this study, which constitutes a major problem in this challenging population.

| CONCLUSION

This national multicenter study describes one of the largest populations of children with CNS disorders treated with long term NIV/CPAP, with a total of 182 patients. It reflects the development of NIV/CPAP in the pediatric population, especially in this subgroup of patients with complex and challenging pathologies. It also showed that airway clearance techniques were used in only a small number of children, even in the subgroup of children with multiple disabilities, where it could potentially be an effective means of preventing the progression towards hypoventilation and chronic respiratory insufficiency.

  

  

  

This highlights the need for studies on patient reported outcome measures (sleep quality, quality of life) and on clinical efficiency (number of hospitalizations and respiratory exacerbations) of long term NIV/CPAP, and the necessity to standardize sleep disordered breathing screening and patient's management. Further research is required to offer additional insights into the initiation criteria for ventilatory support in this population, including parameters such as SpO 2 , PtcCO 2 , AHI, and to establish efficient management protocols and therapeutic education strategies to promote treatment adherence.
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