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Introduction

Stretch syncope (SS) is rare and is observed predominantly in young adults; it is sometimes misinterpreted as a focal epileptic seizure [START_REF] Sturzenegger | Transcranial Doppler and angiographic findings in adolescent stretch syncope[END_REF]. Stereotypic, episodic changes in consciousness are induced by stretching with neck hyperextension. These changes in consciousness are sometimes associated with clonic movements, especially when the syncope is prolonged or intense, and thus can prompt an erroneous diagnosis of epilepsy.

Very few cases of SS in children have been described to date [START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF]. Several physiopathological hypotheses have been suggested and debated: vascular compression induced by stretching [START_REF] Sarrigiannis | Stretch syncope: Reflex vasodepressor faints easily mistaken for epilepsy[END_REF][START_REF] Sturzenegger | Transcranial Doppler and angiographic findings in adolescent stretch syncope[END_REF][START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF], an anatomical predisposition [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF], and the equivalent of the Valsalva maneuver (VM) [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF][START_REF] Pelekanos | Stretch syncope in adolescence[END_REF][START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF]. However, the exact disease mechanism for SS is unknown, and there is no consensus on the clinical management of this condition.

Here, we describe the youngest case of SS reported to date and discuss the various pathophysiological hypotheses.

Case report

A 7-year-old girl presented brief episodes of loss of consciousness up to ten times a day. Her clinical manifestations were stereotypical, with a change in muscle tone, impaired balance, and a change in consciousness that sometimes resulted in a sudden fall backwards (Video1).

The falls were associated with a transient loss of consciousness and sometimes ended with clonic movements of the upper limbs. The episodes had started 10 days earlier; each episode lasted less than a minute and terminated suddenly. Initially, no triggering factors were identified.

The girl's medical history was unremarkable. She had experienced benign cranial trauma 3 months previously. Her family's medical history was marked by the death of a cousin during an epileptic seizure, and schizophrenia in an uncle. Her overall clinical status and psychomotor development were normal. There was no evidence of cataplexy or narcolepsy.

Orthostatic hypotension tests were negative.

The first electroencephalogram (EEG) showed paroxysmal, slow, diffuse activations lasting 5 seconds, no epileptic discharge, and hypnagogic hypersynchrony during drowsiness (Figure S1) and hyperpnea (Figure S2). The results of brain imaging, electrocardiogram, echocardiography and metabolic tests were normal. A paraneoplastic manifestation was ruled out by a normal CT scan of the thorax and abdomen, and a urine catecholamine assay.

Long-term video-EEG monitoring (LTM) with electrocardiography (ECG), deltoid electromyography, respiratory and peripheral oxygen saturation monitoring revealed a triggering behavior. The syncope occurred when the girl stretched her trunk, neck and upper limbs backwards while standing or kneeling, often with apneusis (Figure 1, Figure S3, Video 1). The triggering behavior was followed by an alteration in consciousness with an atonic fall (Video 1). Concomitantly, the EEG recorded a large, diffuse train of slow waves lasting 2 seconds before the change in consciousness with sinus tachycardia. There were no epileptic discharges and no changes in the QRS amplitude. The amplitude of the slow waves increased further for 2-3 seconds at the moment of the fall. The girl suddenly recovered from the syncope, and regained consciousness with a normal heart rate. The peripheral arterial oxygen saturation did not change.

The normal magnetic resonance angiography, X-rays of the lungs and cervical spine, and Doppler ultrasound of the cervical and cerebral arteries were suggestive of reflex syncope.

The Holter-ECG recorded during syncope confirmed the occurrence of sinus tachycardia (130-150 bpm from the start of the stretching, and 80 bpm after the syncope) and the absence of rhythm disorders. A drop in systolic/diastolic arterial blood pressure (80/60 mmHg during syncope vs. 110/70 mmHg at baseline) and the occurrence of sinus tachycardia (130-150 bpm versus 80 bpm) was recorded using finger plethysmography for one syncopal episode, although artefacts were induced by the clonic movements (Video 1). A dynamic Doppler ultrasound scan performed during syncope did not evidence any changes in the middle cerebral arteries. The tissue oxygenation index (TOI) did not change, suggesting that cortex oxygenation was not modified (Figure S3). The head-up tilt test with simultaneous video-EEG and measurement of the cerebral TOI at the forehead was negative. The performance of various maneuvers (standing, deep inspiration followed by apneusis, and stretching) by a healthy individual did not induce any changes in heart rate and EEG. Although a single healthy control cannot be considered to be an accurate basis for physiological measurements, it showed that synchronization and tachycardia are not systematically induced by stretching.

After the first EEG, a diagnosis of epilepsy was suspected. However, levetiracetam and clobazam were ineffective. After LTM, SS was diagnosed, and the patient was advised to avoid stretching. Given the sharp contrast between the severity of symptoms and her indifference to the SS, and her impaired social relations, she started sessions with a child psychiatrist. The sessions did not reveal any psychiatric diseases or personality disorders but did highlight a context of bullying at school. Eighteen months later, the patient was syncopefree.

Discussion

Here, we describe the youngest yet case of SS. The latter condition can be mistaken for epilepsy when it involves clonic movements [START_REF] Horrocks | Anoxic-epileptic seizures: observational study of epileptic seizures induced by syncopes[END_REF][START_REF] Stephenson | Anoxic-epileptic seizures: Observational study of epileptic seizures induced by syncopes[END_REF]; in turn, this can lead to ineffective treatment with antiepileptic drugs. The absence of epileptic discharges during SS meant that a cortical origin [START_REF] Dijk | The semiology of tilt-induced reflex syncope in relation to electroencephalographic changes[END_REF][START_REF] Stephenson | Anoxic-epileptic seizures: Observational study of epileptic seizures induced by syncopes[END_REF] was unlikely. In previous literature, the report of a patient with syncope with myoclonic jerks and flat EEG reinforces the hypothesis of a subcortical origin of abnormal clonic movements.

The diagnosis of SS requires detailed interviews with the patient, their relatives, and any other people having witnessed the clinical manifestations. However, in the present case, these interviews did not reveal the self-induced, triggering maneuver. In such cases, video-EEG of the syncope episode is essential.

In all previous reports on syncope, the EEG showed diffuse, broad, slow, synchronized delta waves that were not specific to a particular disease mechanism [START_REF] Dijk | The semiology of tilt-induced reflex syncope in relation to electroencephalographic changes[END_REF][START_REF] Sarrigiannis | Stretch syncope: Reflex vasodepressor faints easily mistaken for epilepsy[END_REF].

Several pathophysiological hypotheses can be considered.

Vascular compression induced by stretching?

Compression of the internal carotid artery by the transverse processes of the atlas during neck hyperextension [START_REF] Sturzenegger | Transcranial Doppler and angiographic findings in adolescent stretch syncope[END_REF] was ruled out in the present case by the absence of changes in hemodynamics and peripheral and central oxygenation levels during stretching. Accordingly, in another study, transcranial Doppler did not evidence any changes in middle cerebral artery blood flow [START_REF] Sarrigiannis | Stretch syncope: Reflex vasodepressor faints easily mistaken for epilepsy[END_REF]. The hypothesis whereby compression of the abdominal aorta or the inferior vena cava is induced by stretching was suggested for a patient with a low body mass index(BMI) [START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF]. Although our patient had a normal BMI, the lack of blood pressure data prevents us from ruling out this hypothesis. However, the peripheral and cortical oxygenation levels did not change during syncope.

An arterial malformation or a particular anatomic feature?

The case of a patient with a spindly basilar trunk was reported [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF]. However, we did not observe any abnormal features in the arterial vascularization [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF].

A decrease in venous return?

Stretching might cause a decrease in venous return, which in turn would lead to volume depletion and vigorous contraction of the left ventricle. Cardiac mechanoreceptors send this information to the brainstem. In response, the vagal tone increases and the level of sympathetic activity decreases, leading to a fall in systemic blood pressure. However, our patient did not display bradycardia or increased vagal tone. Only an initial sinus tachycardia was observed, with no signs of secondary adrenergic adaptation.

The psychiatric hypothesis?

Because of the stereotyped and complex clinical manifestations, an abnormal mimicking or psychiatric behavior were ruled out after the LTM.

The Valsalva maneuver hypothesis?

The pathophysiology of SS has been likened to that involved in the VM [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF][START_REF] Pelekanos | Stretch syncope in adolescence[END_REF][START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF]. The VM is considered to induce decreases in blood pressure and preload, followed by an increase in heart rate and, ultimately, a normalization of systemic blood pressure. However, the changes induced by the VM alone do not explain the occurrence of SS [START_REF] Pelekanos | Stretch syncope in adolescence[END_REF][START_REF] Sarrigiannis | Stretch syncope: Reflex vasodepressor faints easily mistaken for epilepsy[END_REF][START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF] because our patient's cardiovascular responses to stretching and to the VM were the same as in healthy controls [START_REF] Pelekanos | Stretch syncope in adolescence[END_REF].

Stretching or compression of the afferent pathways?

By stimulating afferent mechanoreceptors or voloreceptors, stretching might send "false" information to the brainstem and thus trigger an inadequate cardiovascular response and syncope. This is in line with a previous report [START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF] in which stretching was thought to have led to excessive stimulation of aortic or intracardiac mechanoreceptors, a fall in preload, a decrease in arterial blood pressure, and the onset of SS.

Transient ischemia of the brainstem?

Involvement of the brainstem in SS can be considered [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF][START_REF] Yeom | Exaggerated Valsalva Maneuver May Explain Stretch Syncope in an Adolescent[END_REF]. A decrease in posterior cerebral artery blood flow during SS has been reported [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF][START_REF] Sturzenegger | Transcranial Doppler and angiographic findings in adolescent stretch syncope[END_REF]. Given that the posterior cerebral arteries supply the occipital lobe and some deep brain structures (including the thalamus), the TOI in the frontal lobe might have remained normal. Compression of the basilar trunk by deep muscles might be caused by a stretching maneuver with neck hyperextension [START_REF] Mazzuca | Self-induced stretch syncope of adolescence: a video-EEG documentation[END_REF]. These findings prompt a hypothesis in which the stretch maneuver induces hemodynamic and ischemic changes. Unfortunately, we did not measure the blood flow in the posterior cerebral arteries and so we cannot draw definitive conclusions. However, the hypothesis of vertebral basilar insufficiency has previously been rejected [START_REF] Sarrigiannis | Stretch syncope: Reflex vasodepressor faints easily mistaken for epilepsy[END_REF]. In any case, the widespread EEG slowing cannot be related solely to ischemia encompassing the medial temporal and occipital lobes (supplied by the posterior arteries). Moreover, no visual aura was reported. Isolated ischemia of deep brain structures vascularized by vertebral arteries can also be considered.

The brainstem might have a primordial role in SS, including changes in consciousness and in the EEG. In rats, hypoxic excitation of the ventrolateral reticular nucleus of the medulla leads to an increase in regional cerebral blood flow, a decrease in cerebral vascular resistance, and an initial decrease in systemic blood pressure via the medullary cerebral vasodilator area [START_REF] Golanov | A brainstem area mediating cerebrovascular and EEG responses to hypoxic excitation of rostral ventrolateral medulla in rat[END_REF].

Stimulation of this area is responsible for the synchronization of EEG activities and a slowing in theta activities. These cortical changes were independent of changes in systemic blood pressure and blood gas levels [START_REF] Golanov | A brainstem area mediating cerebrovascular and EEG responses to hypoxic excitation of rostral ventrolateral medulla in rat[END_REF], and might involve relay structures such as the subthalamic region or the thalamus [START_REF] Golanov | Neurons of a Limited Subthalamic Area Mediate Elevations in Cortical Cerebral Blood Flow Evoked by Hypoxia and Excitation of Neurons of the Rostral Ventrolateral Medulla[END_REF][START_REF] Golanov | A brainstem area mediating cerebrovascular and EEG responses to hypoxic excitation of rostral ventrolateral medulla in rat[END_REF][START_REF] Ruggiero | Adrenergic and nonadrenergic spinal projections of a cardiovascular-active pressor area of medulla oblongata: quantitative topographic analysis[END_REF]. Diffuse slow waves on the EEG might reflect neuronal synchronization and neuromodulation of the thalamocortical loop by the brainstem. We hypothesize that the trigger for this hypersensitive brainstem thalamocortical loop might be related to increased input and/or transient hypoxia of the brainstem, as also suggested by the marked hypnagogic or hyperventilatory slowing of the cortical network.

Conclusion

The combination of a detailed patient interview with LTM is essential for the differential diagnosis of SS versus epilepsy. The mechanisms responsible for SS might be related to a dynamic compression of the vertebral arteries, resulting in increased input to the brainstem and/or transient brainstem hypoxia that might in turn induce cardiovascular changes, EEG hypersynchronization, and clinical manifestations.

Figures legends

Figure 1. Syncope triggered by a stretching maneuver, associated with a loss of muscle tone, a fall, and a transient loss of consciousness. Long-distance electroencephalographic (EEG) montage (EEG electrodes: FP2, C4, T4, O2, FP1, C3, T3, O1, respiration, ECG; 15 microvolts/mm 3 , band filter 0.16-15 Hz; notch 50 Hz).
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