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The pathogenesis of PHVD is complex, secondary of an obstruction of arachnoid by blood components and arachnoiditis, impairing cerebro-spinal fluid (CSF) circulation and resorption.

The resulting ventricular dilatation increases intracranial pressure, leading to parenchymal compression and ischemic lesions in the surrounding white matter [START_REF] Leijser | Preterm brain injury: Germinal matrix-intraventricular hemorrhage and post-hemorrhagic ventricular dilatation[END_REF].

Options and timing for treatment of progressive PHVD are still controversial for neonatologists and neurosurgeons in Europe ( 8) and even at national level [START_REF] Garreres | Prise en charge de l'hydrocéphalie post hémorragique chez le nouveau-né prématuré : cohorte rétrospective locale et enquête nationale[END_REF].

Pharmacological therapeutics (diuretics, fibrinolytic injections) did not demonstrate their effectiveness [START_REF] Whitelaw | Diuretic therapy for newborn infants with posthemorrhagic ventricular dilatation[END_REF][START_REF] Whitelaw | Intraventricular streptokinase after intraventricular hemorrhage in newborn infants[END_REF]. We currently recognize two treatment strategies : temporizing and Several studies tried to determine the best time to intervene because symptoms of PHVD are non specific and late in premature infants [START_REF] Kaiser | Cerebrospinal fluid pressure during post haemorrhagic ventricular dilatation in newborn infants[END_REF]. Ventricular enlargement is usually quantified with measurement of Levene index using cranial ultrasound (CUS) [START_REF] Levene | Measurement of the growth of the lateral ventricles in preterm infants with real-time ultrasound[END_REF]. Studies commonly use the Levene index as an intervention threshold, broadly divided in two approaches : early intervention when conducted before ventricular Levene index crosses ≥ 97 th percentile + 4mm for gestational age (GA) versus late intervention when ventricular Levene index already crosses this limit. Those retrospective investigations demonstrate positive impacts of an early approach on neurological outcome [START_REF] Whitelaw | Management of posthaemorrhagic ventricular dilatation[END_REF][START_REF] Leijser | Posthemorrhagic ventricular dilatation in preterm infants: When best to intervene?[END_REF]. The ELVIS trial published recently finally showed a beneficial effect of early intervention for PHVD on reducing mortality and severe neurodevelopmental disability [START_REF] Vries Ls De | Treatment thresholds for intervention in posthaemorrhagic ventricular dilation: a randomised controlled trial[END_REF][START_REF] Cizmeci | Assessment of Brain Injury and Brain Volumes after Posthemorrhagic Ventricular Dilatation: A Nested Substudy of the Randomized Controlled ELVIS Trial[END_REF].
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We ran a retrospective and descriptive study in preterm infants developing PHVD in our center in order to determine factors influencing neurological outcome at 24 months. The primary outcome was neurodeveloppmental outcome at 24 months corrected age (CA) according to demographic, clinical factors, the type of intervention and its timing. Secondary objectives were to assess mortality, different neurological, sensory and developmental morbidities and permanent shunt requiring. We hypothesized that active and early management would be associated with a favorable neurological prognosis.
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PATIENTS AND METHODS

Patients

We conducted a monocentric retrospective study. Inclusion criteria were patients with a grade 3 or 4 IVH according to Papile classification (1), an evolutive PHVD mentioned by the radiologist in CUS medical reports, born with a gestational age under 33 weeks at birth and a weight at birth ≤ 1500g between January 2003 and December 2019. These patients were identified with local database of premature children hospitalized in the Arnaud de Villeneuve University Regional Hospital, Montpellier, France. Non-inclusion criteria were outborn children, significant congenital anomalies or bilateral grade 4 IVH, periventricular leukomalacia (PVL) diagnosed on CUS or brain injuries from another etiology (stroke, asphyxia).

Cranial ultrasound

For each CUS, Levene index ( 14) was measured by radiologist and reported in medical reports. If not mentioned, it was retrospectively measured on reviewed imaging data by the investigator C. Mazzoleni with radiological expertise control. We defined radiological intracranial hypertension by a resistance index measure on the anterior cerebral artery > 0.85 without patent ductus arteriosus. We determined timing of treatment with Levene index from the last CUS recorded before first intervention. We classified timing in 2 groups : 1/ Levene index between 97th percentile and 97th percentile + 4 mm according to gestational age, setting early timing of intervention, 2/ Levene index ≥ 97 th percentile + 4 mm according to gestational age, setting late timing.

Intervention

Temporizing interventions for PHVD included CSF punctures (transfontanellar and lumbar punctures), sub-galeal shunt, external shunt and ventricular reservoir. Ventricular-peritoneal shunt was considered as a permanent intervention. Data at age at intervention, efficacy and complications of each procedure were noted. Complications included infection, reservoir or shunt obstruction or displacement, shunt revision.
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Follow-up

We collected informations about mortality and morbidity. Concerning mortality, age and context of death (limitation or withdrawal of intensive care or maximal resuscitation) were analyzed. For surviving children, neurodevelopmental outcome at 24 months' CA was collected in medical records in regional medico-psycho-social centers. We used the standardized neurological assessment (Annex 1). months corrected age and number of reintervention since birth were analyzed.

Data analysis

Descriptive analyses were performed to study data distribution among surviving and not surviving infants in neonatal period. We also divided surviving children in 2 groups based on a neurodevelopmental composite outcome : 1/ Favorable outcome, defined by the absence or the presence of mild alteration at 24 months' assessment : Brunet Lezine Score ≥ 70 or presence/absence of at least one mild anomaly in standard neurological assessment, 2/ Unfavorable outcome, defined by moderate to severe alteration at 24 months assessment :

Brunet Lezine Score < 70 or presence of at least one moderate to severe anomaly in standard neurological assessment or presence of cerebral palsy.

Descriptive statistics were expressed as medians and quartiles for quantitative variables and as number of patients and percentages for qualitative variables. We used the Fisher's test and Wilcoxon test to compare the baseline characteristics, primary and secondary outcomes in the two study groups. We performed multivariate analysis by logistic regression to identify factors associated with a favorable outcome. We adjusted our model on variables that are already proven in the literature and variables that are significant in univariate analysis : sex, gestational age in weeks (wGA) (stratified in < 28 wGA or 28-32 wGA), complete prenatal corticosteroid cure, -29 -grade 4 IVH, periventricular leukomalacia (PVL), temporizing intervention or not. We could not adjust on timing of intervention (early or late) because of small numbers of patients.

A p-value ≤ 0.05 was retained for significance. Statistical analyses were performed using the SAS University Edition software.

As our study period extends over 16 years, we wanted to analyze the "time effect". We modelized proportions of very preterm birth, active treatment, timing of intervention and neurological outcome according to year of birth.

Data collection

IRB's approval was obtained according to the local procedure. Data were collected from computerized or paper medical records and anonymized. An informative note was sent to children's parents, no one requested withdrawal of the study.

35%, p = 0.728). Among treated children, 100% of children with unfavorable outcome were treated in a late timing. Those with favorable outcome were treated early or late in the same proportion (p = 0.054). There were twice more VPS inserted in children with an unfavorable outcome (24%) compared with favorable outcome (12%) (p = 0.656). Unusually, the proportion of cases crossing ≥ 97 th percentile + 4mm threshold did not differ between groups (p = 1), in the same way for radiological intracranial hypertension (p = 0.707).

In In multivariate analysis conducted over 34 cases, two factors were associated with a favorable outcome at 24 months of CA (Table 8) : absence of associated grade 4 IVH (adjusted odd ratio : 7.9, confidence interval [1.2-52.5], p = 0.032) and complete prenatal corticosteroid cure (adjusted odd ratio : 6.2, confidence interval [1.1-34.6], p = 0.037). This model explained 65% of cases and the Hosmer-Lemeshow test was 0.831.

Secondary outcomes

We compared secondary outcomes between children with intervention for PHVD or not and for treated infants, we compared early and late intervention. Results are presented in Table 8.

Overall cerebral palsy rate among survivors was 30% (n = 13/43).

No child, in each group, developed epilepsy.

Children undergoing active treatment had a higher survival rate (p < 0.001). Among survivors secondary outcomes did not reach statistical difference.

Concerning timing of intervention, no difference was observed for survival. No cerebral palsy, hearing deficit or VPS-requirement occurred in infants treated early whereas it was present respectively in 31%, 27% and 36% of infants treated later. We must highlight that walking age was in median 3 months earlier in the group "late treatment" even if it was not significant. ASQ scores and Developmental Quotient of Brunet Lezine are difficult to interpret because of small numbers of patients.

Finally, walking age is very close between children with or without intervention, no difference was observed according to timing of treatment.

DISCUSSION

We studied neurological outcome at 24 months of CA of infants born under 33 wGA with PHVD over a period of 16 years. Our follow-up rate was high since we were able to collect data for primary outcome from 79% patients surviving at 24 months. Death rate was high and more than a half of deaths were consecutive of withdrawal of intensive care. Half of survivors had a favorable outcome. Majority of sequelae concern fine motricity, behaviour and language skills for children mildly or not impaired. Gross motor impairment was mostly observed in children with moderate or severe sequelae. We observed cerebral palsy in one third of surviving children.

In our sample, we found few factors to explain this difference of outcome. Male sex, uncomplete prenatal corticosteroid cure and grade 4 IVH were more frequent characteristics in children with the greater disabilities. Literature already identified these variables as factors worsening prognosis of preterm infants [START_REF] Shankaran | Outcomes Following Post-Hemorrhagic Ventricular Dilatation among Infants of Extremely Low Gestational Age[END_REF]. We did not find any effect of active treatment of PHVD. Early treatment did not show any benefit either but it's a striking fact that children treated in a late timing all have an unfavorable outcome. Multivariate analysis identified grade 4 IVH and incomplete corticosteroid cure as the most impacting factors on outcome.

Our global mortality rate (60%) was higher than in the literature where estimations vary from 20% to 52% [START_REF] Garreres | Prise en charge de l'hydrocéphalie post hémorragique chez le nouveau-né prématuré : cohorte rétrospective locale et enquête nationale[END_REF][START_REF] Whitelaw | Intraventricular haemorrhage and posthaemorrhagic hydrocephalus: pathogenesis, prevention and future interventions[END_REF][START_REF] Van Zanten | Neurodevelopmental outcome of post-hemorrhagic ventricular dilatation at 12 and 24 months corrected age with high-threshold therapy[END_REF]. Among treated children, our mortality rate was 28%, also higher than numbers observed in other cohorts, from 8,4% to 13% [START_REF] Cizmeci | Assessment of Brain Injury and Brain Volumes after Posthemorrhagic Ventricular Dilatation: A Nested Substudy of the Randomized Controlled ELVIS Trial[END_REF][START_REF] Limbrick | Neurosurgical treatment of progressive posthemorrhagic ventricular dilation in preterm infants: a 10-year single-institution study[END_REF].These comparisons must be taken with caution because inclusion criteria were disparate and ethical issues are necessarily considered.

The intervention rate in our sample was 28%, lower than 30-72% previously observed [START_REF] Murphy | Posthaemorrhagic ventricular dilatation in the premature infant: natural history and predictors of outcome[END_REF][START_REF] Brouwer | European perspective on the diagnosis and treatment of posthaemorrhagic ventricular dilatation[END_REF][START_REF] Limbrick | Neurosurgical treatment of progressive posthemorrhagic ventricular dilation in preterm infants: a 10-year single-institution study[END_REF][START_REF] Bock | Early surgical management and long-term surgical outcome for intraventricular hemorrhage-related posthemorrhagic hydrocephalus in shunttreated premature infants[END_REF][START_REF] Brouwer | Cognitive and neurological outcome at the age of 5-8 years of preterm infants with posthemorrhagic ventricular dilatation requiring neurosurgical intervention[END_REF]. In our series, 4 children over 10 were not treated even though Levene index crossed the 97 th percentile + 4mm threshold, revealing important part of therapeutic abstention despite severity of dilatation. Ethical factors, multidisciplinary discussions and family all participate to medical decisions to intervene or not. In our sample, children undergoing intervention were thus older, with better clinical condition, making more obvious the benefit to conduct such procedures. Moreover, children treated early might have presented a less severe or rapid ventricular dilatation course and a more stable clinical condition allowing an early intervention.

In our cohort, VPS requirement in survivors was 14%, consistent with literature where we can observe rates going from 12 to 20% [START_REF] Brouwer | Neurodevelopmental outcome of preterm infants with severe intraventricular hemorrhage and therapy for post-hemorrhagic ventricular dilatation[END_REF][START_REF] Garreres | Prise en charge de l'hydrocéphalie post hémorragique chez le nouveau-né prématuré : cohorte rétrospective locale et enquête nationale[END_REF][START_REF] Vries Ls De | Treatment thresholds for intervention in posthaemorrhagic ventricular dilation: a randomised controlled trial[END_REF]. Conversion rate of temporizing neurosurgical procedures in VPS was 100%. Other authors also found high rates of conversion, between 65 and 94% [START_REF] Bock | Early surgical management and long-term surgical outcome for intraventricular hemorrhage-related posthemorrhagic hydrocephalus in shunttreated premature infants[END_REF][START_REF] Wellons | Shunting outcomes in posthemorrhagic hydrocephalus: results of a Hydrocephalus Clinical Research Network prospective cohort study[END_REF].

Regarding [START_REF] De Vries | Early versus late treatment of posthaemorrhagic ventricular dilatation: results of a retrospective study from five neonatal intensive care units in The Netherlands[END_REF]. This difference was not statistically significant though. In another retrospective study by Brouwer et al, infants treated early had a significantly higher developmental quotient using Griffiths Mental Developmental Scale [START_REF] Luiz | The construct validity of the Griffiths Scales of Mental Development[END_REF] than infants treated later [START_REF] Brouwer | Neurodevelopmental outcome of preterm infants with severe intraventricular hemorrhage and therapy for post-hemorrhagic ventricular dilatation[END_REF]. No difference for cerebral palsy was noted. In the multicentric study by Leijser et al, infants treated at an early stage had the same cognitive and motor outcome at 24 months' (in normal range) than infants without intervention.

On the opposite, children treated later had lower cognitive and motor scores than children without intervention. Survivors with intervention also showed higher rates of impairments than those without, especially CP [START_REF] Leijser | Posthemorrhagic ventricular dilatation in preterm infants: When best to intervene?[END_REF].

Recently [START_REF] Cizmeci | Randomized Controlled Early versus Late Ventricular Intervention Study in Posthemorrhagic Ventricular Dilatation: Outcome at 2 Years[END_REF].

The rationale for early intervention is underlied by deleterious effects of prolonged pressure injuries on the surrounding white matter. White matter might present very early alterations of perfusion on Apparent Diffusion Coefficient sequences on Magnetic Resonance Imaging before volume reduction [START_REF] Brouwer | Effects of Posthemorrhagic Ventricular Dilatation in the Preterm Infant on Brain Volumes and White Matter Diffusion Variables at Term-Equivalent Age[END_REF]. Brain growth (total cerebrum, cerebellum and thalami) is significantly impaired in children with PHVD treated ≥ 97 th percentile + 4mm [START_REF] Jary | Impaired brain growth and neurodevelopment in preterm infants with posthaemorrhagic ventricular dilatation[END_REF]. In a nested substudy of ELVIS trial, it was reported that the Kidokoro score was significantly better and ventricular volumes were significantly smaller in the early treatment group [START_REF] Cizmeci | Assessment of Brain Injury and Brain Volumes after Posthemorrhagic Ventricular Dilatation: A Nested Substudy of the Randomized Controlled ELVIS Trial[END_REF]. In the EPIPAGE cohort, the odd ratio of the association between cystic periventricular lesions and PHVD was 5.3

(CI, 3.0-9.5) adjusted for GA [START_REF] Larroque | White matter damage and intraventricular hemorrhage in very preterm infants: the EPIPAGE study[END_REF], highlighting the risk of severe white matter injury by evolutive ventriculomegaly. Study of cerebral haemodynamics and oxygenation on little series of patients illustrates an improvement after CSF drainage [START_REF] Kempley | Changes in cerebral artery blood flow velocity after intermittent cerebrospinal fluid drainage[END_REF][START_REF] Norooz | Decompressing posthaemorrhagic ventricular dilatation significantly improves regional cerebral oxygen saturation in preterm infants[END_REF] even when ventricular index is retablished < 97 th percentile + 4mm [START_REF] Van Alfen-Van Der Velden | Cerebral hemodynamics and oxygenation after serial CSF drainage in infants with PHVD[END_REF]. PHVD has also been associated with increasing of abnormal amplitude-integrated EEG and delayed latencies of evoked potentials, earlier than elevation of intracranial pressure. They normalize after CSF drainage [START_REF] Olischar | Cerebrospinal fluid drainage in posthaemorrhagic ventricular dilatation leads to improvement in amplitudeintegrated electroencephalographic activity[END_REF][START_REF] Vries | The role of short latency somatosensory evoked responses in infants with rapidly progressive ventricular dilatation[END_REF][START_REF] Klebermass-Schrehof | Can neurophysiological assessment improve timing of intervention in posthaemorrhagic ventricular dilatation? Arch Dis Child Fetal Neonatal Ed[END_REF]. In our study, we have no usable data over duration or severity of PHVD reflecting the degree of white matter compression but it might have played a role according to these findings. Grade 4 IVH or other white matter injuries being closely linked to worse neurological outcome, their prevention is our main issue.

In our series, the proportion of children with a Levene index crossing the 97 th percentile + 4mm threshold was the same regardless neurological outcome. It constrasts with observations of Srinivasakumar et al, illustrating the relation of maximal anterior horn width, thalamo-occipital distance and ventricular index with neurodevelopmental outcomes at 18-24 months on assessment using the Bayley Scales of Infant Development [START_REF] Srinivasakumar | Posthemorrhagic ventricular dilatation-impact on early neurodevelopmental outcome[END_REF]. In the retrospective study by Leijser et al, when the ventricular size is much larger, the associated developmental outcomes are worse [START_REF] Leijser | Posthemorrhagic ventricular dilatation in preterm infants: When best to intervene?[END_REF], supporting the interest in avoiding such degrees of ventricular dilatation when possible.

Our study has several limitations due to its retrospective and monocentric design and a relatively small surviving patient cohort. We have many missing data about chronology and duration of ventricular dilatation. A majority of children died, 9 were lost to follow up. 82% children had no Brunet-Lezine score available when it was part of our primary composite outcome. Our results did not reach statistical significance probably because of a lack of power.

The study period extends over 16 years while medical practices have changed, PHVD management evolved. We used ventricular index [START_REF] Levene | Measurement of the growth of the lateral ventricles in preterm infants with real-time ultrasound[END_REF][START_REF] Brouwer | New reference values for the neonatal cerebral ventricles[END_REF] to quantify ventricular size and set this threshold a posteriori but it was not necessary a criterion for monitoring nor intervening for some children. Other criteria were often used by radiologists or clinicians : anterior horn width, « ballooning shape » of lateral ventricle, clinic symptoms of intracranial hypertension, increased resistance index on doppler of anterior cerebral artery. For example, the anterior horn width does not change with maturation, is more reproductible and might be a more sensitive marker for early dilatation [START_REF] Whitelaw | Management of posthaemorrhagic ventricular dilatation[END_REF][START_REF] Brouwer | New reference values for the neonatal cerebral ventricles[END_REF][START_REF] Davies | Reference ranges for the linear dimensions of the intracranial ventricles in preterm neonates[END_REF]. In Figure 4, we show that over time, leading interventions in our center is not a more frequent option and intervening early remains rare among our patients.

Our study included a large cohort of patients even if a majority of children did not survive.

We gathered numbers of data on CUS parameters for each child in particular Levene index and the timing of intervention despite the retrospective nature of this study. CUS were performed by radiologists regularly limiting diagnosis and treatment delay when children were asymptomatic.

Evaluation at 24 months of CA was studied by a trained pediatrician based on a standardized clinical neurological assessment. Our primary outcome included different aspects of development to be the most exhaustive on children's follow up. Later evaluation is required to appreciate evolution in early childhood or teenage and in other domains like praxies, learning, behavior and social abilities.

Perspectives for management of PHVD is evolving across neonatal centers. When active treatment is decided, early intervention should be conducted as soon as possible. Avoiding high degrees of ventricular dilatation should be our main issue to protect white matter from irreversible damages, hoping for a favorable neurological outcome for our patients. When ethical questioning is raised, pre-existing parenchymal injuries, absence of corticosteroid maturation and severity of PHVD should guide our discussions. In light of current literature and our results, new management of PHVD in our center should succeed to optimize the care of infants with PHVD.

CONCLUSION

Half of children with PHVD following high grade IVH had a normal or mild neurological alteration at follow up. The group of children with greater disabilities were more often males, with uncomplete corticosteroid cure and grade 4 IVH. Our hypothesis was not validated : in our study, we did not find an influence of active intervention nor timing of intervention.

However our study encourages to intervene early, when Levene index is < 97 th percentile + 4 mm, since children treated in a late timing all had an unfavorable outcome. Literature suggests that avoiding large degrees of ventricular dilatation should be our main objective. When ethical questioning is raised, the evolution of PHVD itself in particular when it escapes treatment should guide decisions. Temporizing interventions should not be interpreted as a risk factor of adverse outcome but as a reflect of a turning point in ventricular dilatation's evolution, worsening prognosis in this way.

-39 - -40 - Figure 3a. Primary outcome repartition in followed-up children. Figure 3b. Degree of anomaly (no, mild or moderate to severe) in each area according to standard neurological examination (Annex 1) in followed-up children.
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  permanent interventions. In clinical practice, temporizing interventions consist in tapping exceeding CSF (repeated lumbar punctures or ventricular punctures) and temporary surgical interventions (ventricular subgaleal and external shunts). Feasibility and efficiency of such procedures are variable. Temporizing procedures can be used until PHVD decreases or, if permanent shunt (ventriculo-peritoneal shunt) is needed, until children gain weight, maturity and CSF proteins decreases to allow this surgery.

Figure 4 ,

 4 we did not observe time effect on the use of temporizing interventions or timing of treatment. The proportion of surviving children born under 27 wGA seems to have increased over time whereas the proportion of favorable outcome remained stable.

Figure 1 .

 1 Figure 1. Flow chart of infants born under 33 weeks of gestational age (wGA) in our cohort following grade 3 and 4 intraventricular hemorrhage with post-hemorrhagic ventricular dilatation. IVH : intraventricular hemorrhage. PHVD : post-hemorrhagic ventricular dilatation.

Figure 2 .

 2 Figure 2. Flow chart presenting different temporizing interventions and permanent interventions in our sample. CSF : Cerebrospinal Fluid. VPS : Ventriculoperitoneal shunt.
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 3 Figure 3. Repartition of primary outcome and sequaele in followed-up children (n = 34).Figure3a. Primary outcome repartition in followed-up children. Figure3b. Degree of anomaly (no, mild or moderate to severe) in each area according to standard neurological examination (Annex 1) in followed-up children.
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 4a Figure 4a. Proportion of survivalFigure 4b. Proportion of infants born on total included population (n = 108).under 27 wGA among survivors (n = 43).

Figure 4c .

 4c Figure 4c. Propotion of interventionFigure 4d. Proportion of intervention in early timing on total included population (n = 108).among treated children (n = 25).
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 4e Figure 4e. Proportion of no or mild neurological alteration among followed-up children (n = 34).
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 4 Figure 4. Proportions (%) of survival (4a), extremely preterm infants (4b), intervention (4c), timing of intervention (4d) and primary outcome (4e) according to years of birth over the study period. wGA : weeks of gestational age.

  

  

  It was adapted from the Amiel Tison Neurological Assessment (19) considering fine and gross motor skills, language and cognitive skills, behavior, hearing and vision. It categorized children's developmental areas in 3 groups : no anomaly, mild or moderate to severe anomaly. If available, we recorded the Brunet Lezine score (20). This score evaluates moderate to severe delay if global developmental score is < 70 (21). Results of Ages and Stages Questionnaires (22) were also collected. Walking age, presence of epilepsy and cerebral palsy (CP) were recorded. CP was defined according to the European Cerebral Palsy Network (23). Gross Motor Function Classification System Expanded and Revised (24) evaluated level of motor impairment for children with CP. Presence of ventricular-peritoneal shunt at 24

  neurodevelopmental outcome at 24 months of CA in our series, temporizing interventions should not be considered as a risk factor of worse outcome. Indeed, no difference of outcome between children with intervention or not was observed but almost all children with intervention had a Levene index ≥ 97 th percentile + 4mm. Temporizing interventions might be a reflection of a turning point in dilatation's severity, worsening prognosis in this way. However we found a trend regarding timing of intervention in favor of early treatment. This observation is in accordance with current literature. In a retrospective study among 95 preterm patients with PHVD following grade 3 IVH, De Vries et al found that children with late treatment (Levene index ≥ 97 th percentile + 4mm) developed moderate or severe disabilities at 24 months of CA in 26% of cases (considering epilepsy, motor, cognitive and sensorial impairment) VS 16% in those treated early or 14% in children without intervention

  , the Early Versus Late Ventricular Intervention Study Group (ELVIS group)

	conducted a multicentric randomized controlled trial, including 126 preterm infants born ≤ 34
	wGA with a grade 3 or 4 IVH across 14 NICU in Europe, USA and Netherlands. Infants were
	randomized in two arms treated early or late (considering Levene Index, AHW and/or thalamo-
	occipital distance). The objective was a ventricular index < 97 th percentile over 7-10 days
	following first intervention. First results published in 2018 found no significant reduction in VP
	shunt insertion and in mortality in early intervention as compared with later intervention (17).
	Finally, earlier intervention reduced death or severe neurodevelopmental disability (set by Bayley
	score < -2 SD and/or CP) in a model adjusted on gestational age, severity of IVH and cerebellar
	injury

  Neurological standardized assessment, adapted from the Amiel Tison Neurological Assessment.

	100% 10 ANNEX						100%
	80% 60%	7		27	14 Normal, no anomaly 17	6 Mild anomaly 60% 80%	9	3 Moderate to severe 3 anomaly
	0% 20% 40% Gross motor skills 8	16	falls -Protection when 10 9 before 18 months -Walk acquisition		0% when falls 20% 40% -No protection 2 after 18 months -Walk acquisition	7	7 -No walk alone 6
		2003-06 2007-10 2011-14 2015-19 -Climbs staircases		2003-06 2007-10 2011-14 2015-19
	Fine motor skills	Survival	Death -Stacks 6 cubes		-Tower of 2	< 27 wGA	≥ 27 wGA -Pathological
					-Nests 3 objects		-Nests 3 objects	grasping
								-No stack
								-No nest
	Language and			-Sentences of 2		-Words but no	-Jargon
	100% cognitive skills			words			100% sentence	-Can't point
	80% 60%	10		35	-Names objets/pictures 17 21 -Pretends to call		4 objects/pictures 60% 80% -Points without naming	7	4 objects/pictures 4 -No relationships play
	40%				-Imagination games	40% -Points or names	-Brings objects to
	5 2003-06 2007-10 2011-14 2015-19 8 7 4 Behavior disorder 20% 0% None		1 2003-06 2007-10 2011-14 2015-19 1 3 1 body parts 0% 20% his mouth -No imagination games -Need to calm down -Throws objects
		Intervention	No intervention		the child	Early timing	Late timing -Stereotypical
								-Attention lability	activities
								-Self or hetero
								aggresivness
								-Significant sleep
					100%			disturbances
	Visual or hearing impairment		None 80% 60%	1	10	3 -Corrected with 3 glasses/hearing impairment without	-Visual impairment despite of glasses/hearing aid
					40%	4		hearing aid	or cochlear implants
	Annex 1.				20%		4	5	4
					0%		
						2003-06 2007-10 2011-14 2015-19
						No or mild	Moderate to severe

RESULTS

Description of population

The distribution of patients is presented in detail in a flow chart (Figure 1). In total, 173 children born under 33 weeks of gestation with PHVD following grade 3 or unilateral 4 IVH were admitted, representing 8% (n = 173/2049) of the preterm infants admitted in our center over the study period. After excluding children according to criteria mentioned above, a total of 108 children were included in this study. 44% (n = 47/108) had been diagnosed with a grade 3 hemorrhage and 57% (n = 61/108) with an unilateral grade 4.

Surviving rate was 40% (n = 43/108). 60% (n = 39/65) of deaths occurred ≤ 14 th day of life and 54% of these deaths (n = 35/65) after decision of limitation or withdrawal of intensive care. No child died between discharge from NICU and follow-up at 24 months CA.

In our cohort, temporizing interventions occurred in 23% of cases (n = 25/108), and 42% (n = 18/43) in the group of surviving children. 36% (n = 17/47) of grade 3 IVH led to an intervention, 13% for grade 4 (n = 8/61).

Among survivors, assessment at 24 months of CA was available for 79% of children (n = 34/43). Of these 34 children, 18% (n = 6/34) had a Brunet-Lezine evaluation recorded in their medical files. Informations about neurological standard assessment and presence of cerebral palsy was available for all of them.

Interventions

A flow chart sums up carried out procedures in our cohort (Figure 2). Of all 108 children, lumbar or transfontanellar punctures were laid for 23% of them (n = 25/108) and always as first-line treatment. One child did not undergo temporizing intervention but a VPS was inserted at 4 months of CA after an intracranial hypertension clinical presentation.

After first-line treatment, 44% of children (n= 11/25) did not undergo further interventions, 24%

(n = 6/25) were treated by neurosurgical procedures, and 28% (n = 7/25) died. 57% (n = 4/7) of deaths after first-line treatment were consecutive to a decision of intensive care withdrawal. For one child, PHVD recovered after lumbar punctures in neonatal period and VPS was only placed at 6 months of CA after acute intracranial hypertension.

-31 -20% (n = 5/25) children underwent temporizing neurosurgical procedures as second line treatment. These procedures led to complications for 80% (n = 4/5) of cases. Sub-galeal shunts were placed for 3/5 infants, 2/3 died after complications. For the surviving child, sub-galeal shunt was effective and VPS was placed because PHVD persisted. Ventricular reservoir was used for one child, no complication was observed. One child was treated with external shunt, complicated with meningitis. For one child, VPS was used as a second-line treatment but dysfunction occurred on abdominal cyst and it was temporary replaced by an external drainage. 100% (n = 5/5) of temporizing surgical procedures led to VPS insertion among survivors. VPS requirement at 24 months among survivors undergoing temporizing neurosurgical procedures represented 14% (n = 6/43) of cases. 100% (n = 6/6) of VPS were still present at 24 months of CA.

Maternal and neonatal characteristics

Comparisons of maternal and neonatal characteristics between children who survived or not are summed up in Table 1. The 2 groups were comparable for gestation characteristics. Male sex was similar in 2 groups. However, complete prenatal corticosteroid cure was higher in survivors (65%) than in dead children (46%) but this difference was not statistically significant (p = 0.075).

Survivors had higher gestational age (median of 27 weeks of gestation VS 25.1 weeks, p < 0.001) and less likely to present grade 4 IVH (30% VS 74%, p < 0.001). Concerning the evolution of PHVD itself (Table 2), diagnosis was made early : in median at 5 days of life for children who survived and 3 days of life for dead children (p < 0.001).

Children who died after a decision of intensive care withdrawal had 77% grade 4 IVH (n = 27/35).

Infants with PHVD who had a temporizing intervention for progressive PHVD were compared with those who did not have an intervention. These results are presented in Table 3.

Those with an intervention presented a less severe clinical condition : they had a higher gestational age (median of 27.7 weeks of gestation VS 25.4 weeks, p < 0.001), had less parenchymal damages (grade 4 IVH in 32% cases VS 64%, p = 0.006), less bronchopulmonary dysplasia (16% VS 56%, p = 0.011) and lower death rate (28% VS 72%, p < 0.001). Paradoxically, they presented more severe necrotizing enterocolitis (17% VS 1.7%, p = 0.022). Clinical evolution of PHVD (Table 4) was more severe among treated children, with radiological intracranial hypertension (resistance index > 0.85 on anterior cerebral artery without patent ductus arteriosus) occurring in 60% of cases, more than 25% of children with no intervention (p = 0.003).

Almost all treated children had a Levene index crossing the 97 th percentile + 4mm threshold (96% of cases, n = 23/24) whereas 43% (n = 31/83) did not undergo temporizing interventions despite a Levene index across this limit (p < 0.001).

Among treated infants, demographic comparisons according to timing of intervention are presented in Table 5. We can notice in the group "early intervention" some trends : a lower gestational age [START_REF] Whitelaw | Intraventricular haemorrhage and posthaemorrhagic hydrocephalus: pathogenesis, prevention and future interventions[END_REF][START_REF] Futagi | Neurodevelopmental outcome in children with intraventricular hemorrhage[END_REF] wGA VS 28,3 wGA, p = 0.058), a higher frequence of complete prenatal corticosteroid cure (67% VS 42%, p = 0.378). Children also presented higher rates of grade 4 IVH (50% VS 26%, p = 0.344). These results must be taken with caution because of the small numbers of analyzed children.

Primary outcome

Half of the children (n = 17/34) had no or mild neurodevelopmental alteration at 24 months CA assessment, 41% of them (n = 7/17) had no anomaly. 50% of children (n = 17/34) had a moderate to severe neurodevelopmental alteration at 24 months CA assessment. Details of affected neurodevelopmental domains in the 2 groups are in Figure 3. The most frequently and severely affected area concerns language and cognitive skills. Fine motor skills seems to be more frequently impaired than gross motor skills. Sensory areas are also often severely impaired. All children with visual impairment wore corrective lenses. Half of the children with hearing impairment wore hearing aids (n = 2/4) and cochlear implants for the other half (n = 2/4).

An analysis was conducted to compare children with favorable outcome (no or mild neurodevelopmental alteration) and those with unfavorable outcome (moderate to severe neurodevelopmental alteration), according to the treatment and its timing.

For interpretation of results and identification of potential confusion bias in our primary outcome, we also compared children with a favorable neurological outcome and those with an unfavorable outcome in Table 6. No significant demographic difference was observed but we underlined a higher rate of complete corticosteroid cure in children with a favorable outcome (82% VS 47%, p = 0.07). There were fewer male sex (53% VS 76%, p = 0.281), PVL (5.9% VS 24%, p = 0.335) in this group.

Concerning PHVD characteristics and treatment, results of the univariate analysis are shown in Table 7. These results were not statistically significant either except for the proportion of grade 4 IVH in children with unfavorable outcome (47% VS 12%, p = 0.057). A few more temporizing interventions were conducted in children with an unfavorable outcome (47% VS Ø Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.
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