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INTRODUCTION

Perinatal ischemic stroke is a cerebrovascular event around the time of birth with pathological or radiological evidence of focal arterial infarction. Most studies have combined both perinatal (from 28 weeks into the pregnancy to 7 days old) and neonatal (under 28 days old) events (1).

These events are not rare: in fact, the incidence of perinatal ischemic stroke (PIS) is estimated at about one in 4 000 term neonates (1), [START_REF] Lynch | Epidemiology of perinatal stroke[END_REF] 5), [START_REF] Meredith | Cranial ultrasonography has a low sensitivity for detecting arterial ischemic stroke in term neonates[END_REF]. Nevertheless, some studies have demonstrated the usefulness of CUS in the detection of arterial ischemic stroke in term newborns, reporting abnormalities in 87% of cases after day 4 [START_REF] Cowan | Does cranial ultrasound imaging identify arterial cerebral infarction in term neonates? Archives of Disease in Childhood[END_REF].

These disparities in results are probably explained in part by differences in experience among the various operators, as shown in the study by Meredith R. Golomb et al. [START_REF] Meredith | Cranial ultrasonography has a low sensitivity for detecting arterial ischemic stroke in term neonates[END_REF], in which ultrasound sensitivity ranged from 11.7% to 47.3% between peripheral centers and the referral center.

The aim of this study was to re-emphasize the value of CUS in the detection of perinatal arterial ischemic stroke. For this purpose, we reviewed the CUS scans obtained in a cohort of full-term newborns with evidence of cerebral infarction in an arterial territory distribution on brain MRI.

More specifically, we wished to focus on the early changes that may suggest cerebral infarction, in order to reduce as much as possible, the disparities of results between centers.

SUBJECTS AND METHODS

PATIENTS

This study retrospectively enrolled 28 full-term neonates admitted to the neonatal intensive care unit of Arnaud de Villeneuve Hospital in Montpellier, diagnosed with PIS between January 1, 2012, and December 31, 2022.

Inclusion criteria for this study were as follows: 1) full term babies (gestational age of 37 weeks or more), 2) with Apgar scores of 8 or more at 5 minutes, 3) diagnosed with cerebral infarction in an arterial territory on brain MRI obtained in the neonatal period, and (4) explored with CUS as the first diagnostic study.

Details of the pregnancy, and of the perinatal period were obtained from the pediatrics and obstetric records of each patient. Parental permission was given in each case.

CRANIAL ULTRASOUND SCANNING

US TECHNIQUE

CUS was the first diagnostic study performed in all cases. Infants were scanned with a Philips CX 50 scanner using a multifrequency transducer (8-5 MHz crystals) through the anterior fontanelle as the acoustic window.

Ultrasound scans included the following standardized images: six to nine coronal images beginning at the frontal lobes anterior to the frontal horns and extending to the occipital lobes posterior to the lateral ventricle trigones and five sagittal and parasagittal images, one with a midline sagittal view of the corpus callosum and cerebellar vermis, and bilateral parasagittal images beginning in the midline and progressing laterally through the peripheral cortex [START_REF] Lowe | State-of-the-Art Cranial Sonography: Part 1, Modern Techniques and Image Interpretation[END_REF].

Screening with a high-resolution linear transducer (3-12 MHz) completed the examination in 23 cases. The sonogram was recorded on videotape in 5 cases.

Color Doppler images were not available for all the patients. Resistive index and systolic and diastolic velocities were evaluated using spectral Doppler tracings, measured in the subcallosal anterior cerebral artery in all cases.

Each child was scanned at least once in the first week of life, soon after the onset of symptoms, mostly seizures. All scans were retrospectively evaluated from images on the PACS by a pediatric radiologist (CB) with more than 30 years of experience, unaware of the clinical data and the extent of lesion on brain MRI.

US APPROACH

Each ultrasound scan was evaluated, as far as possible on symmetrical images with brain structures being always compared with the same structures of the contralateral hemisphere, using a standardized approach to search for:

1. an increased echogenicity in the basal ganglia region (caudate and lenticular nuclei, thalamus).

2. a thickening of a sylvian fissure.

3. an increased echogenicity within the deep white matter extending into the subcortical white matter.

4. Cortico-subcortical abnormalities classified into stages, according to the severity of the changes:

-Stage 1: increase in the subcortical white matter echogenicity with respect to the hypoechoic cortex and enhancement of the gray white matter differentiation (GWM D) which becomes more obvious and more sharply defined.

-Stage 2: increase in the subcortical white matter echogenicity with blurring of the sulci and no recognizable cortex and GWM D. Sulci may be more and less thickened.

-Stage 3: increase in parenchyma echogenicity with no recognizable cortex, sulci and GWM D, loss of normal architecture.

Ventricular compression

Any suspected lesion was visualized in both planes.

The US stage of cortico-subcortical (CSC) damage within a lobe was determined according to the most common change detected.

US CLASSIFICATION

On the basis of the shape, extent and localization of the echogenic area, abnormal scans were classified according to the main arterial distribution. In the distribution of the middle cerebral The Early Ultrasonographic Stroke Score was determined from the standardized coronal US scans (figure 2). M1 and M4 were located within the frontal lobe, M2 and M3 within the temporal lobe, M5 in frontoparietal topography and M6 within the parietal lobe.

On anterior scans, M1 territory extended from the middle frontal fissure to both side of the superior branch of the sylvian fissure.

On mid and posterior scans, M4 territory was delimited by the middle frontal and the precentral fissures and M5 was located between the precentral fissure and the retrocentral fissures.

On posterior scans, M6 was localized on both side and behind the retrocentral fissure.

M2 was in contact with the inferior branch of the sylvian fissure.

The superior frontal scissure delimited the anterior and middle cerebral territories. 

RESULTS

RISK FACTORS

28 full term neonates were enrolled in the study. Clinical data are shown in Table 1 [START_REF] Biswas | Neuroimaging Perspectives of Perinatal Arterial Ischemic Stroke[END_REF], [START_REF] Shellhaasa | Arterial ischemic perinatal stroke[END_REF].

Among these infants, 33% had rhythm abnormalities before delivery, 40% of which led to an emergency cesarean section, and 27% required transient ventilatory support by CPAP or manual ventilation even though the Apgar was normal (of 8 or more at 5 minutes).

Later on, 33% had a diagnosis of right-left shunt on echocardiography, including 9 patent foramen ovale (30%) and 1 ventricular septal defect (3.3%).

Hemostasis disorders were found in 10 % of neonates (7% anti-phospholipid antibodies and 1% polycythemia). None of them had proven infection. 

n = 1 (3,6%) n = 1 (3,6%) n = 2 (7,1%) n = 0 (0%) n = 1 (3,6%)

CLINICAL PRESENTATION

Among the revealing symptoms, epileptic seizures were observed in 96.4% of cases, the vast majority of which were focal (96.3%), apneas in 16.7% of newborns, hypotonia in 36.7% and feeding disorders in 10% (Table 2). 

ULTRASOUND SCAN

The time between the clinical debut and the first CUS ranged from 0 to 2 days. The average delay in performing a CUS was 0.8 days, because CUS was readily available on bedside in neonatal unit.

The rate of anomaly detected by the radiologists under real conditions was 70% for the first ultrasound and 77% for the second ultrasound with a mean average delay between the onset of symptoms and the positivity of the ultrasound of 1.3 days (Table 3). MCA infarct was within:

-the main branch (n = 8) with involvement of the striatum (n = 6) together with the ACA and PCA territories (n = 1) (tables 4 and 5),

-one or more cortical branches of the MCA (n = 16) with involvement of the striatum (n = 2) or of the ACA territory (n = 2) (table 6 and7),

-the lenticulostriate branches of the MCA (n = 3) (tables 8 and 9)

PIS was localized within the PCA territory (n = 1) (table 7).

CUS review permitted to detect abnormalities on early examination in 26 of the 28 cases.

INFARCTION WITHIN THE MAIN BRANCH OF THE MCA

Schema 2: Complete infarction of the left MCA [START_REF] Biswas | Neuroimaging Perspectives of Perinatal Arterial Ischemic Stroke[END_REF] On MRI, 8 infants had of the main branch of the MCA (tables 4 and 5).

Infarction was complete with involvement of the striatum in six (schema 2), purely cortical in 2.

7 infants had unilateral PIS (4 left-sided, 3 right-sided), one neonate had bilateral infarct.

There was 4 boys and 4 girls. The median age at clinical debut was 1 day. The time between the clinical debut and the first CUS ranged from 0 to 2 days. A US diagnosis was made in the first three days of life in 8 cases, on day 0 (n = 1), day 1 (n = 1), day 2 (n = 5), on day 3 (n = 1).

EARLY US SIGNS (Table 4)

All strokes were identified by CUS which showed on the affected side:

1. an increased echogenicity in the basal ganglia (n = 6) (figure 2) and thalamus (n = 2) (figure 3).

2. a hyperechoic thickening of the sylvian fissure (n = 8) which was mild (figure 2), moderate (figure 4) or marked with blurred limits and disappearance of the insular cortex (figure 5a) contrasting with the normal aspect of the contralateral fissure. Insular cortical involvement appeared obvious when observed with a high frequency probe. The sulci were bordered by a hyperechoic thickened cortex instead of the normal hypoechoic thin cortical ribbon seen around the sulci, with reversal GWM differentiation (figure 5b). Hyperechoic changes of the parenchyma in contact and on both side of the sylvian fissure made it indistinct (n = 3) (figure 6).

3. areas of increased echogenicity within the entire superficial MCA territory (n = 6) (figure 7), in frontoparietal location (n = 1) or within the frontal lobe (n = 1).

An asymmetrical increased echogenicity within the deep white matter extending into the subcortical WM was the warning sign (figure 8).

In the frontal lobe, increased echogenicity was classified into stage 1 (n = 4) (figure 5a), into stage 1-2 where both stages coexisted equally (n = 2), into stage 2 (n = 1) or stage 3 (n = 1).

High resolution sonography permitted to assess MCA infarcts (n = 2) and to detail the tramline aspect of the gyri with reversal GWM D (figure 9).

Temporal (n = 6) and parietal (n = 7) changes were classified into stage 2 (figure 10) or stage 3 (figure 11). Two stages of cortico-subcortical damage coexisted within the infarct (n = 6) (figure 10).

4. The ventricles were slit-like in 7 of the 8 cases.

In 3 cases, there was a stage 1 change in the SC WM of the contralateral frontal lobe.

CSC damage evolved on the subsequent CUS towards a more severe stage (figure 12).

We noted that for the same delay between CUS scans and the onset of symptoms, CSC damage was variable (figure 13).

The highest diagnostic difficulty was found in case 16 who had stage 1 CSC frontal abnormality which was not detected under real conditions.

Spectral Doppler in the subcallosal anterior cerebral artery during the first CUS, showed an increased resistance index (RI) > 0,8 in one neonate (12,5%), a normal RI [0,55; 0,8] in 5 neonates (62,5%) and a decreased IR < 0,55 in 2 neonates (25%).

Only one neonate (case 17) had a significant decreased systolic velocity (29 cm/s) and a low RI on day 2, one day after the onset of symptoms. One neonate (case 2) had an increased RI with a normal systolic velocity 20 

CUS/MRI CONCORDANCE (Table 5)

False negatives: PCA infarct was not detected in case 2. CSC temporoparietal change was not visible in case 16. M1 infarct in case 6 or temporal involvement in case 3 was not seen.

Thalamus abnormality was not detected in 4 of the 6 cases.

CI involvement was not diagnosed (n = 8).

False positives: there was no false positive.

The concordance CUS/MRI was:

-good (n = 4)

-acceptable (n = 2) where associated PCA infarct (case 2), or M1 stroke (case 6) was not seen.

-bad (n = 2) in case 3 where temporal infarct was not detected, and in case 16 where cortical infarction was overestimated of 4 regions.

OUTCOME

At two years, 5 newborns had hemiparesis (cases n°2, 3, 6, 9, 16) with epilepsy (case 3) or West syndrome (case 2). Among the four neonates which were lost to follow-up, one had hemiparesis at 4 months (case 17), one had upper limb paresis at 5 months (case 27) and one had language delay at one year (case 11). 

EARLY US SIGNS (Table 6)

CUS diagnosed 15 of the 16 strokes localized within the cortical branch(es) of the MCA.

CUS showed on the affected side:

1. an increased echogenicity in the basal ganglia (n = 3) (figure 14) and thalamus (n = 1)

2. a hyperechoic thickening of the sylvian fissure (n = 4) which was indistinct in one case (n = 1) 3.

an area of increased echogenicity localized in one ASPECT region (n = 7), in two regions (n = 6), in 4 regions (case 1) or in 6 regions (case 21).

M5 region was involved in 11 of the 16 cases, only (n = 6), or associated with M4 (cases 7, 13), with M6 region (case 24) or with M6-M2-M3 (case 1) or with the entire superficial territory (case 21).

The CSC damages of M5 were classified into stage 2 (n = 9), or into stage 3 (n = 2). Localized infarct (n = 13) was identified because the deep white matter echogenicity extended into the subcortical WM (figure 15).

The central sulcus was thickened and hyperechoic with loss of the hypoechoic cortical ribbon (n = 5) (figures 16, 17 and 18).

Frontal lobe (M1, M4) was affected only (case 12) or with the entire superficial territory (case 21). CSC frontal damage was classified into stages 1 (figure 19) or stage 2 (case 12) (figure 20).

M6 was involved only (case 14) with disappearance of the cortical ribbon around the retrocentral sulcus (figure 21).

Two or three stages of CSC damage coexisted within the same infarct (n = 5).

The CSC damage became more prominent on the subsequent CUS (figure 22).

The diagnostic difficulty was higher for strictly cortical involvement where only one ASPECT region was involved. 3 of these 13 strokes were not detected in routine practice and 2 were detected only on the second CUS scan at D5 and D7 with a delay of 3 and 6 days from the debut of symptoms.

Spectral Doppler during the first CUS in the subcallosal anterior cerebral artery showed an increased resistance index (RI) RI > 0,8 in one neonate (6,25%), a normal RI [0,55; 0,8] in 14 neonates (87,5%) and a decreased RI < 0,55 in case 8 (6,25%). We noted three neonates (cases 19, 28, 21) who had a significant decrease in systolic velocity (< 30 cm/s). Two of them had a normal RI (cases 19 and 21) and case 28 had an increased RI. Two neonates (cases 10 and 13) had a systolic velocity > 53 cm/s with a normal RI.

CUS/MR CORRELATION (Table 7)

False positive: involvement of the frontal lobe (cases 7, 21, 28), of M6 region associated to M5 (case 24), of the striatum (case 13) was overdiagnosed.

False negative: in case 10, bilateral MCA infarct was not seen. A contralateral MCA infarct with bilateral ACA involvement (case 13) was not detected. M6 strokes (cases 7, 8) associated with M2 involvement (case 23), were not depicted. CI involvement was not diagnosed (n = 8).

CUS/MRI concordance was:

-good (n = 8).

-acceptable (n = 3) where underestimation (case 8), overestimation (cases 24, 28) or misdiagnosis was of one adjacent region.

-bad (n = 3) where the error concerned two regions (cases 7, 21, 23) or where associated bilateral ACA stroke was not seen (case 13).

OUTCOME

At two years, 4 infants had hemiparesis (cases 1, 8, 23, 21) and one had upper limb paresis (case 20). One had language delay at 22 months (case 22). No had persistent epilepsy. 6 were lost to follow-up and four had no sequelae (cases 4, 13, 14, 24). The time between clinical debut and the first CUS ranged from 0 to 1 day.
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The US diagnosis wade made on day 3 (n = 2) or on day 4 (n = 1).

EARLY US SIGNS (Table 8)

CUS showed on the affected side:

1. an increased echogenicity in the basal ganglia (n = 3) and thalamus (n = 2) (figure 23), associated with a hyperechoic round area immediately next to the lateral ventricle and to the caudate nucleus corpus (n = 2) (figure 24). 

CUS/MRI CORRELATION (Table 9)

False positives: cortical involvement was overdiagnosed of two (case 5) or three ASPECT regions (case 15) (n = 2).

False negatives: injury of the internal capsule was not seen (n = 3).

CUS/MRI concordance was:

-good (n = 1), -bad (n = 2).

OUTCOME

At two years, case 5 had hemiparesis, case 15 had oral-facial synkinesis and case 25 was lost to follow-up. No one had persistent epilepsy during the follow-up. 10).

CSU/MRI concordance was not possible (Table 11).

Spectral doppler examination within the subcallosal anterior cerebral artery showed normal RI and MSV.

The boy had no neurological impairment or persistent epilepsy at follow-up. 

DISCUSSION

PERINATAL STROKE

PIS is a relatively rare event, occurring with an incidence of 1/4000. Strokes in the perinatal period are thus 4 to 5 times more common than strokes during the rest of childhood. Ischemic strokes are caused by arterial occlusion or embolism.

PIS in term infants has many possible causes, including congenital heart disease, placenta pathology and thrombophilia. However, as in our serie, a specific cause often cannot be identified.

The most common presenting symptom is recurring focal seizures in the first few days of life.

In our the girls were affected almost as much as boys with a sex ratio of 0.87.

The role of imaging is to confirm the diagnosis of PIS and to exclude other pathologies as lobar hematoma with subpial hemorrhage or sinus thrombosis. CT is not recommended for routine imaging of PIS. MRI is the gold standard for detecting PIS. However, CUS is still the first-line neuroimaging modality to study the neonatal brain. It is a relatively cheap, non-invasive, bedside imaging method, readily available in neonatal unit to explore symptomatic full-term neonates.

CUS SENSITIVITY

However, little has been reported recently about the sensitivity of CUS in detecting PIS on the first days of life. The CUS sensitivity reported by Golomb was 47.3% [START_REF] Meredith | Cranial ultrasonography has a low sensitivity for detecting arterial ischemic stroke in term neonates[END_REF]. In Cowan's study, it was 68% in the first three days increasing to 87% between days four and 10 (7). Olivé reported an overall CUS sensitivity of 87% for an expert evaluator and of 72% for a non-expert evaluator [START_REF] Dudink | Evolution of Unilateral Perinatal Arterial Ischemic Stroke on Conventional and Diffusion-Weighted MR Imaging[END_REF].

We are aware that experience is a determining factor when analyzing the CUS sensibility.

The results of our study indicate that CUS can detect PIS in 77% of cases soon after clinical debut. This percentage increase to 93% after review of the images by an experienced examiner. It is probably in the acute period during the first 24-48h that training is crucial. The two infants whose images were still normal, had infarct in the territory of either the PCA or the anterior trunk of the MCA. Scans via the posterior fontanelle were not performed and high frequency probe was not used. Moreover, one examination was of poor quality. Another reason is that our attention was mainly focused on the basal ganglia and on the MCA territory.

US TECHNIQUE

Thus, high-quality equipment and technique are required to improve ultrasound sensitivity and accuracy for detection of PIS. CUS begins with basic gray-scale imaging using a linear-array transducer via the anterior fontanelle in coronal and sagittal planes [START_REF] Lowe | State-of-the-Art Cranial Sonography: Part 1, Modern Techniques and Image Interpretation[END_REF]. For reliable interpretation, it is crucial to perform and to evaluate symmetrical images. Brain structures should always be compared with the same structures of the contralateral hemisphere. The transducer angle should be varied in an attempt to explore the periphery of the brain, to identify the main gyri and to focus on the GWM differentiation.

The subtle changes are often best appreciated during real-time imaging. Thus, videotapes are important for reviewing.

The use of high frequency transducers further improves visualization of both superficial and deep areas of the brain (14). High frequency probe via the anterior fontanelle should be routinely used to better detect infarct within the ACA territory and/or within the MCA anterior trunk. Cortical PCA stroke can be recognized by using the posterior fontanelle because one hardly spots the area of ischaemia from anterior fontanelle (15). Scans via the posterior fontanelle should be systematically performed if no abnormalities are depicted via the anterior fontanelle. The routine use of high frequency probe via both fontanelles should permit to detect most lesions even in case of occipital or superficial infarction (16).

NORMAL BRAIN ANATOMY

In order to appreciate abnormalities, it is essential to be aware of the normal US appearance of the brain. The aspect and echogenicity of various anatomical structures are always symmetrical in both hemispheres.

The superficial pia matter is seen as a thin well-defined hyperechoic layer overlying the surface of the sulci and gyri of the brain. The brain surface is complexly folded in full term neonates. The cortical ribbon is thin, hypoechoic almost anechoic, well visible with high frequency probes. The subcortical white matter is isoechoic with no sharp boundary of differentiation between grey and white matter.

The echogenicity of the deep white matter is normally less echogenic than the adjacent choroid plexus and homogeneous.

In the basal ganglia region, the caudate nucleus head is normally less echogenic then the lentiform nucleus. The lateral ventricles may appear small on the initial CUS in the term neonates.

Infarction within the striatal nuclei was diagnosed later than complete infarct on days 3-4. The first indicator of stroke was increased echogenicity in the basal ganglia. A round hyperechoic area next to the caudate nucleus corpus was characteristic. The false positives of CSC frontoparietal damage were probably due to an associated vasogenic edema in the subcortical WM.

We classified CSC damage into 3 stages according to the severity of injury:

In stage 1, the increased subcortical WM echogenicity respects the hypoechoic cortex and enhances the GWMD. In our experience, CSC damage stage 1 may be transient, regressing with reversible swelling. It was difficult to differentiate between a vasogenic edema due to vascular damage, and an early cytotoxic edema due to sodium-potassium pump failure. CSC damage in the frontal lobe was most often classified into stage 1. Thus, the frontal injury may be under or overdiagnosed.

In stages 2 and 3, there is an increased CSC echogenicity with loss of the hypoechoic cortex and GWMD, sulci are blurring in stage 2 and missing in stage 3. Both stages represent cytotoxic edema and the development of irreversible injury. Hyperechoic cortex around the sulci and tramline appearance of the sulci may traduce cortical laminar necrosis.

The infarct becomes more obvious over the subsequent days, as it is more echogenic.

COLOR DOPPLER

Color doppler evaluation of the major cerebral arteries and of the brain parenchyma was not routinely used in our study. However, Biswas reports the usefulness of Doppler ultrasonography when performed within the 24 hours of stroke onset. Doppler US may show reduced flow and pulsatility in the affected artery. In early hyperacute stage (0 to 6 hours), MCA Doppler US may reveal asymmetric cerebral blood flow with loss of pulsatility. In acute stage (24 hours to 1 week) MCA Doppler US shows resolution of asymmetric blood flow and loss of pulsatility with development of luxury perfusion reflected by high diastolic flow and low resistive indices, which may persist for a week. MRI MRI is always indicated to confirm the diagnosis and to assess the exact site and extent of injury which is of importance for neurological prognosis, involvement of the internal capsule being of major importance for the neurological prognosis (18).

On MRI, the simplest way to identify infarctions in the first few days is by the use of diffusion imaging, which shows reduced diffusivity within hours of the infarction. These abnormalities are easily recognized and are identical to the appearance of acute infarction in adults. Diffusivity decreases within hours. After significantly lowered values compared to healthy parenchyma, ADC appeared to normalize at day 7-8, thus earlier than in adults, in whom the pseudo-normalization occurs at day 12-15 [START_REF] Dudink | Evolution of Unilateral Perinatal Arterial Ischemic Stroke on Conventional and Diffusion-Weighted MR Imaging[END_REF]. On day 1, the decrease in ADC is incomplete and may underestimate the extent of the of the lesion. The ADC reaches its nadir between days 2 and 4, which defines the best period for diffusion detection of a neonatal cerebral ischemic lesion. In our cohort, MRI was performed on average at 6 days.

In newborns, the acutely edematous, infarcted cortex become isointense with the underlying unmyelinated white matter on routine spin-echo sequences (« the missing cortex »). We look for infarcts by trying to identify the entire circumference of the hypointense cerebral cortex on T2weighted images. The internal capsules should also be carefully examined, as high signal intensity or reduced ADC of the posterior limb of the internal capsule on T2-weighted images is often associated with the contralateral hemiplegia. In the subacute phase (4-6 days after birth), infarcted gray matter may show high signal intensity on T1-weighted images and low signal intensity in T2-weighted images.

On MRI, infarcted basal ganglia have a variable appearance, depending on the MR sequences used, the stage of infarction, and the amount of hemorrhage present. The infarction is readily identified as a hyperintense region in a vascular distribution on diffusion-weighted images or as a hypointense region on ADC map. On spin-echo imaging, the acutely infarcted basal ganglia will appear normal for the first 8-12 hours unless hemorrhage is present. In subacute basal ganglia infarction, some hemorrhage, calcium or myelin degradation will typically be present in the infarcted nuclei, resulting in heterogeneous signal on both T1-T2 weighted images. By the end of the first week, the injured basal ganglia may appear somewhat hypointense on T2 weighted images.

Motors outcome is correlated with the extent of the lesion and with the presence of a definite injury of the corticospinal tract, which is well seen on the diffusion sequence at the acute stage.

In our serie, 7 of the 8 neonates with complete MCA infarct and internal capsule and corticospinal tract injuries, had hemiparesis. 5 of the 7 infants with partial MCA infarct and internal capsule involvement were followed. 3 had hemiparesis, one had monoparesis and one had no motor disorder. One neonate had hemiparesis without internal capsule injury on MRI. The three neonates with striatal nuclei infarct had internal capsule and corticospinal tract injuries. One of the two neonates with clinical follow-up had hemiparesis.

A secondary atrophy within the mesencephalon (cerebral peduncles) is tied in with a high risk of hemiplegia. Visual outcome is more often compromised in the case of lesions of the posterior cerebral artery territory. MRI is more reliable for the detection of small ischemic lesions.

COMPARISON AND CONCORDANCE CUS/MRI

As expected, CUS is less reliable in obtaining precise details on size and location of the injury. CUS does not always depict as many focal lesions as MRI. It has a limited role in detecting small peripheral lesions [START_REF] Cowan | Does cranial ultrasound imaging identify arterial cerebral infarction in term neonates? Archives of Disease in Childhood[END_REF], [START_REF] Biswas | Neuroimaging Perspectives of Perinatal Arterial Ischemic Stroke[END_REF] and punctuate lesions. Many peripheral cortical anterior and posterior infarcts escape detection (19).

Correlation CUS/MRI.

As conventional (MRI), early CUS may be normal soon after the onset of symptoms on day 0-1.

The infarct can be shown only on diffusion weighted imaging.

CUS and conventional MR signs in the affected territory are similar including sulci effacement, loss of cortical ribbon (missing cortex) and GWM differentiation. Increased echogenicity corresponds to increased T2 signal. Hyperechoic cortex around the sulci traduces cortical laminar necrosis visible on MRI as a hyperintense cortex in T1.

Concordance CUS/MRI.

All patients with complete MCA infarct were identified with CUS, and these are the patients in whom ischemic stroke has the greatest clinical impact [START_REF] Dudink | Evolution of Unilateral Perinatal Arterial Ischemic Stroke on Conventional and Diffusion-Weighted MR Imaging[END_REF]. CUS may severely underestimated the degree of injury in patients on days 0-1.

The ability to identify the involved territory with CUS using ASPECT regions was not negligible.

However, the correlation between site of lesions on CUS and MRI was not always good. CUS was able to establish the exact region(s) of MCA affected in only 46.43% of cases with a good concordance. In 21,43% of cases the concordance was acceptable. It was bad in 21,43% of cases and not possible in 7.1%.

The majority of false positives and false negatives was related with M1 and M4 frontal abnormalities as explained above. CUS was always accurate for lesion laterality. CUS cannot directly depicted internal capsule (CI) and corticospinal tract injuries. However, involvement of the striatum on CUS was always associated with damage of the CI permitting to indirectly diagnose 11 of the 18 cases with CI injury (61%). CI injury was associated with both entire cortical MCA infarcts, only one accurately diagnosed with US and with 4 of the 12 cases of partial MCA infarct with M5 involvement. Thalamus involvement was underdiagnosed in 78% of cases.

LIMITATIONS

Our report has limitations inherent to its retrospective design. Several limitations to our study need to be addressed. Despite the prospective design of the study, the assessment of CUS sentivity was made retrospectively in patients who were diagnosed with stroke by MRI. We are also aware that the number of patients included in this study is limited and that a larger cohort would give our findings more consistency [START_REF] Dudink | Evolution of Unilateral Perinatal Arterial Ischemic Stroke on Conventional and Diffusion-Weighted MR Imaging[END_REF]. 
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  artery (MCA), a distinction was made in involvement a) of the main branch, b) of one or more cortical branches c) of one or more lenticulostriate branches. Moreover, infarcts in the MCA were also classified according to an "ultrasound adaptation of the ASPECT score" (Alberta Stroke Program Early CT Score) (9), using the sectorization of the MCA territory defined by this score in 10 regions of interest (schema 1), to allow a concordance study with MRI. Schema 1: Alberta Stroke Program Early CT Score

Figure 1 :

 1 Figure 1: the main fissures on coronal US scans performed through the anterior fontanel

Figure 2 :

 2 Figure 2: subtle increased echogenicity in the left caudate nucleus head (open arrow) and putamen (star) with mild thickening of superior branch of the sylvian fissure (arrow), compared to the contralateral hemisphere.

Figure 3 :

 3 Figure 3: hyperechoic change within the right MCA territory with increased echogenicity in the basal ganglia (star) and thalamus (arrow).

Figure 4 :

 4 Figure 4: moderate hyperechoic thickening of both branches of the left sylvian scissure (arrows) compared with the right one.

Figure 6 :Figure 5 Figure 7

 657 Figure 6: indistinctiveness of the left sylvian scissure due to cortico-subcortical hyperechoic change on both sides (arrows).

Figure 8 :

 8 Figure 8: on the right hemisphere, there is a clear boundary between the physiologically hyperechoic deep WM and the isoechoic subcortical WM. On the left hemisphere, the echogenicity of the deep WM extends into the subcortical WM between the sulci.

Figure 11 :

 11 Figure 11: increased echogenicity in the left hemisphere with disappearance of the parietal sulci traducing a stage 3 damage.

Figure 9 .

 9 Figure 9. a) Hyperechoic cloudy change in the right hemisphere (star) with marked thickening and indistinctiveness of the sylvian fissure, involvement of the ACA territory (arrow). b) High resolution details the tramline aspect of the gyri with reversal GWM D within the entire right frontal lobe including the superior fissure (arrow).

Figure 10 :Figure 12 .Figure 13 .

 101213 Figure 10: coexisting stage 1 CSC damage in the left frontal lobe (star) respecting the thin hypoechoic cortical ribbon and enhancing the GWM differentiation and stage 2 damage in the hyperechoic temporal lobe with still visible sulci (arrow).

  purely cortical infarction without involvement of the striatum (n = 2) Delay between symptoms and first abnormal CUS; Age: age at CUS diagnosis; CSC damage : corticosubcortical damage stage on CUS; Striatum: striatum damage ; C: Caudate nucleus ; L: Lenticulate nucleus; Th: Thalamus; L: Left; R: Right ; F: Frontal, T:Temporal, P: Parietal Table 5: Infarction within the main branch of the MCA (n -M6, I, C, L R: M1-M6 , I, CI+, C, L, Th 9 -M6, I, C, L R: M1-M6, I, CI+, C, L, Th 5 -M6, I, C, L L: M1-M6, I, CI+, C, L , Th 7 -M6, I, C, L, Th R: M1-M6, I, CI+, C, L,Th 4 0 CI+ A Complete purely cortical infarction within the main branch of the MCA (n = 2) negative, FP: false positive, CI: internal capsule damage, CI+: CI + corticospinal tract damage INFARCTION WITHIN THE CORTICAL BRANCH(ES) OF THE MCA Schema 3: Infarction within a cortical branch of the MCA (10) On MRI, 16 neonates had infarction within one or more cortical branches of the MCA with involvement of the striatum in 2 (schema 3) (tables 6 and 7). 13 infants had unilateral infarcts (8 left-sided, 5 right-sided), 3 had bilateral infarcts. There were 8 girls and 8 boys. The median age at clinical debut was 2 days. The time between clinical debut and the first CUS ranged from 0 to 3 days. The US diagnosis wade made on day 2 (n = 5), day 3 (n = 5), day 4 (n = 2) or day 5 (n = 2).

  Figure 14: a subtle increased echogenicity in the left basal ganglia (arrows), compared to the same structures on the opposite side, without thickening of the sylvian fissure.

Figure 15 .Figure 16 .Figure 17 .

 151617 Figure 15. Stroke in the left M5 ASPECT region in two different neonates: echogenicity of the left parietal deep WM extends into the subcortical WM (star) with disappearance of the central sulcus and cortical ribbon.

Figure 18 .

 18 Figure 18. Coronal and parasagittal images show hyperchoic CSC change in the right parietal lobe above the sylvian scissure, centered by a hyperechoic thickened central sulcus (arrow).

Figure 19 :

 19 Figure 19: increased echogenicity within subcortical WM of the right M4 ASPECT region and of the left M4-M5 ASPECT region with enhancement of the GWM differentiation traducing bilateral stage 1 CSC change on day 1.

Figure 20

 20 Figure 20. a, d) Coronal CUS images show a triangular hyperechoic area in the left M1 region with still visible slightly thickened sulci. c) Schema (12). b, e) High intensity signal in the same region on coronal T2 weighted images with sulci and cortex effacement. f) Parasagittal left scan with high frequency probe demonstrates hyperechoic thickened cortex centered by the sulci of the superior insular branch with reversal GWM differentiation.

Figure 21 :

 21 Figure 21: increased echogenicity of right deep WM extending into the subcortical white matter on each side of the retrocentral sulcus (arrow) with disappearance of the hypoechoic cortex.

Figure 22

 22 Figure 22. a, b) Thickening of both branches of the left sylvian fissure with blurred limits on day 1 and day 7.CSC damage of the temporal lobe are more prominent on day 7 (star).

2. no thickening of the sylvian fissure 3 .

 3 frontoparietal CSC changes with increased echogenicity within subcortical WM respecting the hypoechoic cortex and enhancing the GWM D, classified into stage 1 (n = 2) (figure 24b), leading to a misdiagnosis of associated cortical involvement. Spectral Doppler in the subcallosal anterior cerebral artery during the first CUS showed a normal RI within the three neonates and two of them had a decreased in MSV (cases 5 and 15).

Figure 23 .

 23 Figure 23. Infarct within the lenticulostriate branches of the left MCA. a) Increased echogenicity in the left basal ganglia (arrows) and thalamus (open arrow). b) Increased echogenicity within frontoparietal subcortical WM (star) respecting the hypoechoic cortex and enhancing the GWM differentiation leading to a misdiagnosis of associated cortical.

Figure 24 .

 24 Figure 24. Infarct within the lenticulostriate branches of the left MCA. a) Increased echogenicity in the basal ganglia and thalamus associated with a round hyperechoic area close to the lateral ventricle and to the caudate corpus nucleus. b) Corresponding image on coronal T2-weighted sequence.

  negative, FP: false positive, CI: internal capsule damage; CI+: CI+CST: corticospinal tract damage PCA TERRITORY One boy had infarction within the right PCA with a normal CUS on day 3 (Table

  de ce travail est d'évaluer la sensibilité de l'échographie transfontanellaire (ETF) dans le diagnostic d'accident vasculaire cérébral ischémique (AVCI) chez le nouveau-né à terme, de décrire les signes échographiques précoces et de comparer les résultats de l'ETF avec ceux de l'IRM. MATERIEL ET METHODES Cette étude rétrospective (2012-2022) inclut 28 nouveau-nés à terme, sans souffrance foetale, avec des convulsions précoces (n = 27) ou des apnées (n =1) avant J5 et un AVCI objectivé en IRM, ayant bénéficié d'au moins une ETF préalable. Les ETF et les IRM ont été relues par 2 radiopédiatres utilisant une grille, et le score scanographique ASPECT pour évaluer l'atteinte du territoire sylvien. Une étude comparative des résultats et des scores a été réalisée par une interne. RESULTATS L'IRM objectivait un AVCI (15 gauches, 9 droits, et 4 bilatéraux) dans le territoire sylvien (n = 27), cérébral antérieur (n = 2), cérébral postérieur (n = 2). L'AVCI sylvien était complet (n = 8), purement cortical (n =2) et profond (n = 6). Il était sylvien profond (n = 3). Il était sylvien partiel (n = 16) et profond (n = 2). Les signes échographiques précoces (n = 26) étaient une discrète hyperéchogénicité (HE) du striatum, un minime épaississement de la scissure de Sylvius, une HE de la substance banche avec respect du cortex majorant la différenciation et/ou avec atteinte corticale effaçant plus ou moins les sillons. La concordance ETF à J2-J5/IRM était bonne (n = 17), correcte (n = 4), mauvaise (n = 5). 2 ETF était normales. CONCLUSION L'ETF peut permettre le diagnostic précoce des AVCI périnataux (93% des cas), le plus souvent bien corrélé à l'IRM, dont l'indication est formelle. Mots-clés : Périnatal, AVC artériel ischémique, nouveau-né à terme, échographie, détection Spécialité : Radiologie

  

  

Table 1 .

 1 Clinical data

	Abbreviations: AP AB (Antiphospholipid antibodies),
	OS (ovarian stimulation), IUGR (intrauterine growth retardation), VD (vaginal delivery)

Table 2 :

 2 Revealing symptoms of ischemic stroke

Table 3 :

 3 CUS Results

	CUS delay in relation to symptoms (days) Mean (min-max)	0,8 (0-7)
	Delay symptoms and 1 st abnormal CUS (days) Mean (min-max)	1,3 (0-7)
	Abnormalities 1 st CUS	n = 21 (70%)
	Abnormalities on 1 st or 2 nd CUS	n = 23 (77%)
	Normal CUS	n = 7 (23 %)
	Abnormalities on reviewing	n = 26 (93 %)
	After the review by CB, the abnormality rate detected on the first ultrasound, rose to 93%.
	CUS results were classified according to the final diagnostic on MRI.

The territory of the MCA was involved in 27 cases, anterior cerebral artery (ACA) territory in 3 cases and posterior cerebral artery (PCA) territory in 2 cases. 24 infants had unilateral PIS (leftsided in 15, right-sided in 9) and 4 neonates had bilateral PIS. There were 13 boys and 15 girls.

Table 4 .

 4 Infarction within the main branch of the MCA (n = 8)

	CUS

Table 6 .

 6 Infarction within cortical branch(es) of the MCA (n = 16)

	Purely cortical infarction (n=14)

Table 7 :

 7 Infarction within cortical branch(es) of the MCA (n = 16)

	C, L	+++

Table 8 .

 8 Infarction within the lenticulostriate branches of the MCA (n = 3)

	Delay CUS: Delay between symptoms and first abnormal CUS; Age: age at CUS diagnosis; Striatum: striatum
	damage; C: Caudate nucleus; L: Lenticulate nucleus; T: Thalamus; L: Left; R: Right

Table 9 :

 9 Infarction within the lenticulostriate branches of the MCA (n = 3)

	Case N°	AGE CUS	CUS RESULTS	MRI RESULTS	AGE MRI	CUS-MRI DISCORDANCE	CAT
						FP	FN

Table 10 .

 10 Infarction within the PCA territory (n=1)

	CUS

Table 11 :

 11 Infarction within the PCA territory (n=1)

	N°	AGE CUS	CUS RESULTS	MRI RESULTS	AGE MRI	CUS-MRI DISCORDANCE	CAT
						FP	FN	
	26	2	0	R : PCA	4	0	PCA	D
	Age: age at first CUS in case of undetected stroke, FN: false negative, FP: false positive		
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MRI SCANNING

MRI TECHNIQUE

Imaging was performed on a 1,5-T Magneton Aera (2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019) or Sola (2019-2022) Siemens MRI, using the same protocol for each patient including conventional 2D axial spin-echo, T1 and T2 weighted, diffusion weighted imaging (DWI), 2D axial Gradient echo (GRE), magnetic resonance angiography to image blood vessels with 3D time-of-flight, 3D T1 weighted image (T1WI), magnetization-prepared rapid gradient echo (MPRAGE) technique without contrast agent.

Most infants had more than one MRI scan, but for this study we only assessed the first one that led to the diagnosis.

MRI CLASSIFICATION

The ischemic lesions were classified according to the main arterial distribution and to "an MRI adaptation of the ASPECT score" for infarcts in the MCA [START_REF] Warwick Pexman | Use of the Alberta Stroke Program Early CT Score (ASPECTS) for Assessing CT Scans in Patients with Acute Stroke[END_REF].

Injury to the corticospinal tract was sought. Diffusion restriction of corpus callosum was considered post-ictal.

CORRELATION CUS/MRI

After reviewing the scans, a concordance study between ultrasound and MRI was performed by a pediatric junior (EC), using ASPECT regions respectively affected on MRI and on ultrasound.

We studied the correlation between CUS and MRI focusing on the extent of the damage. We used the MRI findings as a reference to determine the false negatives and false positives for each region reported in the ASPECT score (schema 1).

We defined three categories of match, based on the number and type of CUS-MRI concordances:

A. Good: complete match.

B. Acceptable: one ASPECT region overdiagnosed, underdiagnosed or misdiagnosed with a contiguous region.

C. Bad: more than two mismatched regions.

D. Absent: no CUS diagnosis.

The internal capsule is not directly visible on CUS. Thus, by convention no mismatch was considered in case of internal capsule involvement on MRI.

MCA STROKES

In our study, 27 of the 28 infants (94.4 %) had an infarct in the MCA territory. The left MCA territory being about two times more commonly affected than the right. The majority of infants (59.3%) had involvement of one or more cortical branches, 29.6% had a complete MCA stroke, and 11.1% had a striatal nuclei infarction. Involvement of the striatum was seen in 75% of complete MCA infarction and in 12.5% of partial MCA stroke. It was seen only in 11.1% of cases.

The rate of anterior cerebral artery (ACA) or posterior cerebral artery (PCA) infarcts was similar (10.7%). These infarcts were associated with MCA stroke in all cases but one PCA infarct.

EARLY US SIGNS OF PIS

Complete MCA strokes were all identified using US within the three first days. CSC abnormalities may be absent in the entire territory on days 0-1. Repeated CUS increased the accuracy of the exam.

The first indicators of complete MCA stroke were a subtle increased echogenicity in the basal ganglia (75%), a slight thickening of the sylvian fissure (100%) on the affected side. Asymmetry of the white matter suggested an abnormality. A mild hyperechoic change within the deep WM was the warning sign, especially when it spreads from the ventricular border to the (sub)cortical region.

Early US recognition can be difficult if the echogenicity of basal ganglia, the thickness of the sylvian fissure and the white matter echogenicity are not compared with the same structures of the contralateral hemisphere. The two branches of the sylvian fissure should be routinely inspected.

Infarct within MCA cortical branch(es) was identified later than complete MCA infarct, within the first five days. Repeated CUS increased the exam sensitivity. However, lesion was not seen in one case, being anterior. High frequency probe was not used.

The first indicators of stroke were a subtle increased echogenicity in the basal ganglia (12.5 %), a slight thickening of the sylvian fissure (18.75%), a mild hyperechoic change within the deep WM spreading from the ventricular border to the CSC region.

M5 ASPECT region being involved in 68.75% of cases and M6 in 43.75%, a focal area of subtle echogenicity should be search for in these regions. As the parietal lobe is easily seen via the anterior fontanelle, the sulci of the central and postcentral gyri should be carefully examined to identify sulci thickening or/and hyperechoic cortex.

CONCLUSION

CUS is the first line technique of intracranial imaging in neonates with seizures. Intraparenchymal hemorrhage is immediately apparent on CUS, unlike ischemic infarcts which may take 2-3 days to be depicted or clearly delineated. Detecting PIS with CUS in the first 48 h after clinical onset remains a challenge and training is critical during this acute period. In our serie, CUS detected PIS in 77% of cases soon after clinical debut and in 93% of cases after reviewing by an experienced examiner with a good or acceptable concordance in 68% of cases. CUS does allow the detection of abnormality, suggestive of focal ischaemic lesion in almost all infants with infarcts likely to lead to hemiplegia. With modern equipment and technique, CUS is a very useful tool until MRI can be carried out. Knowledge by radiologists of the early signs and daily follow-up of the evolving change, may improve the sensitivity of CUS for detecting PIS. However, as precise detail of the size and location of an infarct is less reliably determined from CUS, a brain MRI should be performed in the neonatal period in order to obtain optimal information for diagnostic and prognostic purposes.