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A sudden death, an aortic rupture, and an unexpected cause: A report about suspected child abuse

All unexpected deaths of children require an autopsy to determine the cause of death. In cases of aortic rupture, the immediate cause of death is easily identified at autopsy. Although the majority of aortic ruptures are caused by high-energy trauma, other causes should not be missed.

We present and discuss the case of a 29-month-old child who died suddenly at home. Her recent medical history and the ecchymotic lesions observed on external examination of the body appeared potentially suspicious of physical abuse. The autopsy concluded that death was due to complete rupture of the abdominal aorta with associated vertebral disjunction. At first glance, the overall forensic picture could suggest a traumatic death. However, careful inspection of the retroperitoneum revealed a discrete atypical mass of infiltrative tissue within the hematoma. Histopathological examinations confirmed tumor proliferation of the soft tissues, triggering vascular and spinal injuries. Other paraneoplastic elements or metastasis were ultimately revealed (orbital and subcutaneous). Overall, this was a rare and fatal case of abdominal aortic rupture induced by tumors.

Due to the mechanisms and the forces needed to cause vertebral dislocations and aortic rupture, the combination of the two is highly suggestive of child abuse when an accidental traumatic history is absent or inconsistent with the injuries. Nevertheless, this case illustrates the importance of a systematic and rigorous forensic examination, rather than ignoring other possible diagnoses.

Introduction

Forensic and clinical pathologists are regularly confronted with sudden unexpected death. A thorough autopsy must be performed for all cases to determine the cause of death. In the case of an aortic rupture, the immediate cause of death is usually easily recognized at autopsy [START_REF] De Boer | Sudden aortic death-proposal for a comprehensive diagnostic approach in forensic and in clinical pathology practice[END_REF]. However, the distinction between natural or unnatural deaths due to aortic rupture can be difficult. An apparent unnatural death (e.g., a traffic accident) may be initiated by a natural cause (e.g., a hereditary connective tissue disease or an aneurysm) [START_REF] De Boer | Sudden aortic death-proposal for a comprehensive diagnostic approach in forensic and in clinical pathology practice[END_REF].

Vertebral fractures constitute less than 3% of skeletal injuries in abused children [START_REF] King | Analysis of 429 fractures in 189 battered children[END_REF][START_REF] Levin | Thoracolumbar fracture with listhesis-an uncommon manifestation of child abuse[END_REF]. A comprehensive review of the literature revealed a limited number of references to pediatric aortic rupture [START_REF] Lieberman | Aortic Disruption Associated with L2-L3 Fracture-Dislocation in a Case of Child Abuse: A Case Report[END_REF].

All of the reports of pediatric aortic disruption described the injuries (often lethal injuries) as being secondary to severe accidental or nonaccidental trauma.

The purpose of this report is to describe a case of fatal aortic disruption whose cause was not traumatic. We discuss the forensic diagnostic approach and the differential diagnosis of child abuse.

Case presentation

A 29-month-old girl died suddenly at Known bilateral keratitis was present.

Cutaneous-muscular incisions made on the upper limbs revealed three centimetric lesions distributed over both limbs. Dark dermo-hypodermic infiltration, first suggesting bruising was observed (see Fig. S1). After cutting the scalp, blood infiltrations were seen on its inner side.

There was no skull fracture. There was no intracranial bleeding. The opening of the petrous pyramids showed left mastoiditis with a hemotympanum and a small bleeding but also with siderophages in hypodermitis (see Fig. 3). The epidermis and dermis were normal (see Fig. 3). In the periorbital fat and muscles, no recent hemorrhage was observed. A fibroblastic and collagenous infiltration with capillaries with thickened walls, cytosteatonecrosis lesions and siderophages were seen.

Retinas and optic nerves were normal.

Therefore, these elements were not in favor In our case, we were able to formally eliminate blunt trauma in view of the very important tumor infiltration within the rupture of the aorta and the adjacent structures. Careful analysis showed infiltration of the full thickness of the aortic wall by neoplastic cells. Thus, the fragility of the aorta was extreme and no "trauma" was necessary for its rupture, but a common movement or a slight increase in blood pressure was sufficient. We also recall that there were no typical lesions for grasping, no alopecia and no lumbar skin 
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 12 Figure 1. Pictures during the autopsy. 1A Large bilateral retroperitoneal hematoma. 1B Complete rupture of the infrarenal aorta and the left renal artery (►). Bleeding around the left kidney. 1C Disjunction between the L2-L3 vertebrae (►) after removal of the hematoma and the intervertebral mass.

of a traumatic origin but suggestive of

  ALK, anti-desmin, anti-myoD1, anti-S100, anti-MDM2, anti-nTRK3, anti-betacatenin, anti-CD31, and anti-CD34).Immunohistochemistry did not allow us to formally conclude the type of abdominal tumor. The toxicological expert did not detect any xenobiotics in the samples taken during the autopsy. Overall, the child died from an abdominal hemorrhage caused by a neoplastic rupture of the aorta.

Figure 3 .

 3 Figure 3. Histopathology of the subcutaneous lesion on the posterior side of the right forearm (3A & 3B) and the periorbital fat (3C). In the hypodermis, proliferative conjunctival spindle cells are seen (¤), among which capillaries with thickened walls are present (►). The epidermis and dermis are normal. In the periorbital fat, no recent hemorrhage is observed but again increased connective tissue (*) with capillaries with thickened walls, cytosteatonecrosis lesions and siderophages are seen. HES = hematoxylin-eosin-safran

  lesions. In addition, histological analysis of the peripheral skin lesions excluded bruises. The histology of the orbital tissues was also against blunt trauma. The child had a paraneoplastic syndrome: like Hutchinson syndrome. Orbital metastasis is known in several cases of malignant tumors, of which neuroblastoma is the most described (but it is also known for cases of soft tissue tumors)[START_REF] Yang | Orbital neuroblastoma metastasis[END_REF][START_REF] Miser | Soft tissue sarcomas in childhood[END_REF][START_REF] Wick | Cutaneous paraneoplastic syndromes[END_REF]. It usually manifests as periorbital ecchymosis (raccoon eyes) and proptosis. Periorbital lesions may initially be misinterpreted as child abuse[START_REF] Das | Raccoon Sign[END_REF]. Our case report shows the importance of a careful and rigorous forensic diagnostic approach by examining the macroscopic and microscopic, atypical elements together, in order not to make a hasty conclusion. Here, given the extensive nature of the tumor, which completely infiltrated the aortic wall, the traumatic intervention of a person in the child's mechanism of death could be formally eliminated. The infiltrative character suggested a malignant tumor such as a sarcoma. Nevertheless, immunohistochemical analyses did not allow us to formally determine the family of the tumor. The tumor in our case remained atypical. The classification of soft tissue tumors is very complex and evolving [15]. Due to their rarity and their great diversity, tumor entities need a global analysis of the transcriptome by highthroughput sequencing technique (RNAseq) to perform diagnostic and prognostic purposes. This type of global molecular analysis, initially possible only on fresh frozen material, is now completely feasible on a routine basis on material fixed in formalin and embedded in paraffin, including archives [16]. Many advances in cytogenetics and molecular biology have been made in recent years [17]. They have often led to new diagnostic tools that are routinely used in clinical practice. Unfortunately, as a death of traumatic origin was ruled out, the magistrate in charge of the investigation did not consider it appropriate to pursue investigations, despite the recommendations of the forensic doctors. This is regrettable because in the long run, a more precise cancer diagnosis could be useful for the child's siblings. This problem is linked to a specific organizational feature of the French criminal procedure. The hypothesis of symptoms caused by a neoplastic pathology was explored during the previous hospitalization, especially because of the eye symptoms. Despite investigations, the cancer had not been identified. The abdominal ultrasound report did not describe the abdominal aorta. We do not know if the aorta was not examined, or if the tumor was not detected due to lack of echogenicity. It is also possible that this very aggressive tumor has progressed very quickly after the abdominal ultrasound. We do not know whether criminal or civil proceedings were subsequently initiated against the hospital. Conclusion In children, motor vehicle accidents are the most common cause of closed abdominal aortic trauma. However, the combination of aortic and spinal injuries is sometimes the consequence of violence, particularly by hyperextension of the spine. In this case, a complete forensic approach allowed the identification of a rare cause of aortic rupture and spinal dislocation. This case illustrates the importance of a systematic and rigorous forensic examination. Hasty lesion interpretations or conclusions can have serious consequences.
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