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Abstract: Abusive head trauma (AHT) represents a very serious global public health problem.
Prevention of these episodes is essential to reduce the morbidity and mortality of this phenomenon.
All healthcare professionals should be able to recognize the signs of abuse. However, diagnosis is
very complex as the signs are often blurred and cannot be recognized with certainty without carrying
out adequate instrumental investigations. It has been calculated that approximately one-third of
AHT cases remain undetected and require more than one medical visit to be correctly interpreted
and diagnosed. On the other hand, the literature has recently also emphasized the problems related
to possible false diagnoses of abuse and the numerous family and personal repercussions that follow
from this issue. For these reasons, correct and timely recognition is essential to avoid the risk of
recurrence of AHT and to start proper forensic investigations, in order to identify the offender or
exonerate a suspect. The present work explores the most recent evidence of recent years in the field
of AHT diagnostics through a literature review. The purpose of this article is to provide forensic
pathologists with clear tools for diagnosis based on the literature. To this end, the review suggests
clinical and forensic protocols aimed at the timely diagnosis of AHT in order to prevent abuse from
remaining undetected.
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1. Introduction
1.1. Epidemiology of AHT

Child abuse is a serious emergency in the world. Abusive Head Trauma (AHT) has an
incidence of approximately 2040 children for every 100,000 births, therefore it is a complex
phenomenon that represents an important cause of mortality and traumatic morbidity in
childhood [1]. In Germany, between 100 and 200 children are hospitalized for AHT each
year. Of these, up to 30% unfortunately do not survive due to the severity of the trauma
suffered [2,3].

AHT is the leading cause of childhood traumatic brain injury (TBI) mortality. The
big problem related to AHT is the often presence of vague physical signs and the choice
to perform second-level instrumental investigations depends on the operator’s expertise
and therefore on subjective parameters [4,5]. It has been calculated that approximately
one-third of AHT victims have undiagnosed brain injuries and the diagnosis of abuse
requires at least three visits. According to some authors, a large number of unexplained
disabilities in children could be attributed to an incorrectly identified history of AHT. The
lack of recognition of child abuse represents a very serious problem as it could lead to
a repetition of the abuse. In a large number of cases, the lesions are clinically occult and the
collection of the anamnesis is very difficult since these cases involve infants [6]. Crying is
the typical trigger for shaking [7]. The most frequent answers given by perpetrators about
the reasons for abuse are family problems, poor tolerance, and dyscontrol of impulses [8].
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1.2. False Positives Issue

Over the past decade, there has been much controversy regarding the diagnosis of child
abuse. In particular, several authors have highlighted the possibility of false accusations of
AHT and the inadequacy of diagnostic protocols for abuse. To date, in fact, the debate is still
open, especially regarding the risk of false positives and incorrect diagnoses. In particular,
the literature discusses which signs should be useful for diagnosing abuse, and how these
limits can be overcome. Several authors have highlighted the need to reduce the risk of bias,
favoring on the one hand the importance of confessions, carried out with methodological
criteria, and on the other hand, discussing the actual diagnostic sensitivity and specificity of
other signs, such as retinal hemorrhage, on the topic of AHT [9,10]. Therefore, it is essential
to reduce the incidence of false positives because this can have repercussions not only for
children but also for parents who, if wrongly accused, can lose custody of their child. The
literature has analyzed the phenomenon of post-traumatic stress syndrome in unjustly
accused parents and the development of a lack of trust in the healthcare system and judicial
authorities. In addition to the classic diagnostic triad (retinal hemorrhage, subdural lesions,
and neuronal damage), this study describes further elements that can help both clinical and
forensic pathologists lean toward the correct diagnosis. Therefore, the aim of this review
is to analyze all the data available in the literature by proposing a protocol applicable to
patients and in post-mortem forensic investigations and emphasizing correct diagnostics
in order to avoid errors that can have repercussions on entire families and personal and
social units.

1.3. Terminology

Abuse with physical violence has been described since the 19th century when the
pathologist Tardieu recognized a typical pattern characterized by meninges hemorrhages,
with brain damage. In the 1970s, the existence of a real syndrome was proposed for the
first time, defined as Whishplash Shaken Infant Syndrome, due to shaking movements of
the head, with violent acceleration, traction, rotation, and deceleration to determine a char-
acteristic typical clinical and topographic pattern [11]. In the 1980s, this pattern was called
Shaken Baby Syndrome (SBS). Other terms used include “battered child syndrome” and
“parent-infant traumatic stress syndrome” [6]. However, in 2009, the American Academy
of Pediatrics (AAP) introduced the term Abusive Head Trauma (AHT) to define a complex
syndrome showing head trauma and/or intracerebral lesions in a child under the age of
5 due to a violent shaking movement or using blunt objects against the head [12]. The
term AHT therefore includes all craniospinal injuries involving the head following SBS or
blunt force attack to the head or a combination of both. Diagnostic accuracy measures the
percentage of correct diagnoses, i.e., how many patients are correctly classified as abused.
In this paper, we also considered the term sensitivity as the ability to identify abused
subjects and specificity as the identification of healthy subjects, i.e., not actually abused. It
is important to consider that the described diagnostic findings are medical observations
performed by the various authors, so the conclusion that they were caused by intentional
violence is an inference of the unobserved circumstances that led to the injuries.

1.4. Pathophysiology of AHT

The exact pathophysiology of AHT-associated injuries is still under investigation.
A fundamental role seems to be assumed by injuries affecting the meningeal vessels
and the arachnoid with the production of subdural lesions consisting of blood, blood
derivatives, and collections of cerebrospinal fluid [13-15]. The main mechanism is therefore
the rupture of the bridging vein vessels through acceleration, deceleration, and angular
rotation movements due to head shaking. In addition to subdural hematomas, it is possible
to have axonal lesions due to the tearing of the white and gray matter, but also retinal
lesions. These injuries are more frequent in children due to the larger size of the head
compared to the body, the high water content, poor control of head movements, and
the myelination process still not being complete [16-18]. Among the various hypotheses
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to explain the phenomenon of retinal hemorrhages, the most accredited would concern
tearing of the vessels at the level of the adhesion structures between the vitreous and retina,
papilla-retina, and macula-vitreous. In particular, the exact mechanisms and the force
necessary to produce brain lesions are still being studied today. A recent experimental
study of biomechanics analyzed the force and mechanisms during shaking in a laboratory
model with a device compatible with a child weighing 3.5 kg with accelerometers on the
head, asking volunteers to shake the object vigorously [19]. Investigations showed that
the violent shaking movement of the head can induce high-energy tangential accelerations
with high centripetal force. These mechanisms could increase the pressure of the subdural
cranial district producing an encephalic compression with violent tearing of the bridging
veins. In newborns, the brain is in fact contained within a box with incomplete ossification.
The weight of the brain also represents 10-15% of the total weight of the infant, while in
adults, it is equal to 2-3%. The water content is very high, and the nervous structures are
immature and fragile. Furthermore, the weakness of the neck muscle groups determines
greater exposure to exogenous acceleration and deceleration movements [20].

2. Materials and Methods

A literature review was performed using the Pubmed NCBI and Scopus Embase search
engines on the diagnostics of AHT. The following keywords were used: pediatric abusive
head trauma OR shaken baby syndrome AND forensic. The research included English
papers concerning clinical, instrumental, and forensic investigations used in the context
of AHT.

3. Results and Discussion
3.1. Ophtalmological Investigations

The search for retinal hemorrhages is essential for the diagnosis of abuse. The literature
revealed that a high blood point count is highly suggestive of AHT. In one study, it was
evaluated that the collection of 25 dot-blood counts is associated with a greater than 90%
probability of AHT [21]. Moskwa et al. evaluated a sample of 133 AHT cases in a retrospec-
tive descriptive analysis [21]. The authors investigated the various types of eye lesions, their
localization, and their correlation with age and gender. The authors reported the presence
of ophthalmological lesions in 70% of the series of which the vast majority (approximately
95%) were retinal hemorrhages, while other possible ocular lesions were papilledema and
vitreous hemorrhage. In approximately 80% of cases, the lesions were bilateral. Fundus
evaluation in cases of suspected AHT abuse is therefore mandatory. Observation of the
retina requires careful evaluation with dilated pupils by an ophthalmologist. The severity
of retinal hemorrhages is also strongly correlated with neurological damage, typically with
a bilateral distribution.

Backdating eye injuries still remains complicated. The resorption time of intraretinal
hemorrhagic lesions can reach two weeks, while the presence at the preretinal level can
persist for several months. The differential diagnosis of these injuries requires the exclusion
of accidental traumatic injuries or injuries related to childbirth [21-23].

The mechanisms behind retinal hemorrhage are not fully understood, and two main
theories have been postulated, of which the first concerns vitreoretinal traction related to
shaking movements. The second mechanism concerns the increase in intracranial pressure
from intracranial hemorrhage with increased ocular venous return and the production of
hemorrhages. This mechanism could also occur in cases of increased intrathoracic pressure,
as in the case of chest compressions during resuscitation maneuvers, but this pathogenesis
appears more unlikely. A systematic review of the literature examining over 60 studies
in this area reported that the likelihood of child abuse showing head trauma and retinal
hemorrhage is 91%, even if the majority of the data were collected by case studies [24].
Furthermore, there would seem to be a correlation between the severity of retinal lesions
and the severity of brain damage. The location of retinal lesions can vary, as well as their
size and severity. Localization can be peripapillary, on the posterior pole (most frequent
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site), and on the more peripheral ora serrata. Most of the studies have described the
involvement of the more superficial retinal layers, i.e., the subinternal limiting membrane
and the ganglion cells. On the other hand, the vitreous localizations are rarer, and more
often found at autopsy and in post-mortem investigations [25].

3.2. Radiological Investigations

In Germany, Hahnemann et al. performed a multicenter study analyzing neuroimag-
ing material from 56 children, revealing the multifocal presence of subdural collections in
over 96% of cases. The most frequent radiological entity was subdural hematohygroma
(66%) proximal to subdural collections of cases with signs of recent head injury [1].

When abuse is suspected, a radiological evaluation is therefore indispensable both for
the diagnosis and evaluating acute or chronic patterns of injury, along with evaluation of the
subdural neomembranes (chronic subdural hematoma) of which analysis can suggest the
repetitiveness of the violence. In a systematic review, Kadom et al. described the presence
of subdural lesions visible on neuroimaging in cases of suspected abuse with an odds ratio
of 8.2% [26]. Analysis with neuroradiology generally allows one to visualize subdural
hematoma in the context of cerebral compression lesions of the sulcus and dislocation of
corticodural venous vessels. [27]. The contextual finding of intraparenchymal lesions and
fractures is also possible.

Several works have also demonstrated the involvement of the spinal cord when
examined with a CT scan or MRI investigation. Koumellis et al. analyzed the results of
a series of 18 AHTs in children aged 3 months admitted to a neuroscience center, noting
that when the neuroradiological investigation was performed on the entire spinal column,
subdural spinal hematoma was observed in approximately half of the cases (44%) [28].

CT has a high sensitivity for identifying bone tissues and is essential for identifying
fracture lines, areas of cerebral edema, and signs of ischemic or hemorrhagic lesions.
An MRI would instead represent the ideal neuroradiological investigation to analyze AHT
injuries as it is characterized by greater sensitivity. According to recent guidelines, CT
should be carried out in cases of suspected AHT with 3D reconstructions, followed by an
MRIinvestigation of the brain. MRI should be performed repeatedly since parenchymal and
extra-axial lesions may not be visible in the first instance [29]. The ideal sequences for injury
visualization are GRE T2-w and SWI, which can identify blood collections and venous
vessel lesions. The typical sign of subdural lesions is the Tapdole Sign, where the body is
represented by a clot derived from the injured veins, extended by the coagulated blood.

Backdating bleeding lesions can be extremely complex as there are no defined rules in
MRI evolution. Bradford et al. identified different patterns of SDH in a group of 43 infants,
reporting that homogeneous SDH corresponds to early or subacute MR findings while
heterogeneous SDH is represented by a set of different intensities [30]. Subdural hygroma
represents the final stage and can be considered the terminal stage of subdural hemorrhage.
Subarachnoid hemorrhage is a nonspecific finding, likely caused by tearing of the vessels
of the pia mater and the arachnoid. The recognition of subarachnoid hemorrhage and
subdural hygroma is often complicated, and both lesions may even coexist [29].

3.3. Brain Injuries

A key diagnostic element is the presence of subdural collections. In particular, it
is possible to find subdural hemorrhage, subdural hygroma, subdural hematohygroma,
and chronic subdural hematoma. Subdural hematoma is more common in infants than in
children of other ages. In a recently published work, a group of 37 children who presented
with subdural hematoma were compared, 20 of whom were cases of confirmed AHT while
17 were cases attributable to another cause [31]. The authors found an association between
AHT and symptoms like epilepsy, altered state of consciousness, retinal hemorrhages,
fractures, intrahemispheric blood, blood in the posterior cranial fossa, and bilateral brain
lesions compared to the control group. Another type of injury, less investigated than the
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others, is represented by external hydrocephalus. A significant proportion of children with
chronic subdural hematoma also have signs of external hydrocephalus.

The spinal cord is also a frequent site of injury. The literature shows that an exami-
nation of the spinal cord allows the identification of bleeding lesions in over 40% of cases.
Several studies have demonstrated the presence of extra-axial bleeding in cases of AHT.
The results were confirmed in the case studies reviewed by Dashti et al. who analyzed
32 AHT children under two years old and in the study by Vinchon et al. who reported
signs of subdural hemorrhage in 82% of the case studies examined, in comparison with the
control groups [32,33].

Cerebral edema with hypoxic ischemic lesions is frequently associated with abuse. In
particular, several authors have shown a possible association between cerebral edema and
AHT [34]. Among other injuries, it is possible to find intraparenchymal lesions, cerebral
contusions and lacerations, and fractures of the skull. The bridging veins are located at the
vertex level and on the arachnoid space perpendicular to the superior sagittal sinus, with
particular susceptibility to anteroposterior oscillation movements (Figure 1).
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Figure 1. Neuropathological features of AHT (created with BioRender.com, (accessed on
26 September 2023)).

3.4. Laboratory Investigations

In the laboratory setting, there are no defined laboratory screening tests that are help-
ful in making the AHT diagnosis. In recent years, there has been growing interest in
protein analysis in forensic pathology. Wiskott et al. examined the proteome in a series
of 52 samples divided into two groups (ante-mortem and post-mortem), each of which
was divided into cases and controls [35]. The investigations were carried out through Lig-
uid chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS).
Serum investigations in ante-mortem samples demonstrated the upregulation of several
brain trauma-specific proteins compared to controls, such as glutathione S-transferase
LANCL1 (LANCL1), Apolipoprotein J, and glycolytic enzyme Alpha-mannosidase 2
(MAN2AL1). In particular, three proteins were upregulated related to brain development,
namely Autotaxin (ATX), Neural cell adhesion molecule L1-like protein (CHL1), and
BASP 1. ATX is an enzymatic protein involved in the synthesis of lysophosphatidic acid
essential in neuronal development, produced in the cerebrospinal fluid. CHL1 is a cell
adhesion molecule expressed in neurons and glial cells, especially in the cerebral cortex
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implicated in the development of the nervous system, neuron growth of the cerebellum
and hippocampus, and post-traumatic neuronal regeneration. Finally, BASP1 showed
elevated levels in both ante-mortem and post-mortem samples. This protein shows high
concentrations during brain development, decreasing its concentrations with age in an
inversely proportional manner. The investigations demonstrated the possibility of iden-
tifying proteomic screening methods in cases of suspected AHT through the search for
potential biomarkers of brain damage. Therefore, the search for potential biomarkers of
brain damage is highly desirable in order to improve the early diagnosis of these events,
even when not clinically detectable in the first instance [35] (Table 1).

Table 1. Summary of literature review results.

Number of
Suspected or Investigations
Authors Type of Study Confirmed AHT  Performed Results
Cases Analysed
. . . . 96.4% showed a multifocal
Hahnemann et al. [1] Retrospective study 56 Neuroimaging analysis presence of SDCs
Moskwa et al. [21] Retrospective study 133 Ophthfﬂmologlcal Ophthalmol:) gic lesions
analysis were in 70.3%
Experimental model Time integral of stress in
Yamazaki et al. [22] Experimental study P shaking is 107 Pa.s, larger
with a doll
than that of a fall
Experimental model Time integral of stress in
Yoshida et al. [23] Experimental study permiel shaking is 101 Pa.s, larger
with a finite element . .
than that of a single impact
. . . Ophthalmological Retinal hemorrhages were
Maguire et al. [24] Systematic review 998 analysis found in 78% of AHT.
36% of children showed
cervical spine injuries. A
statistically significant
Kadom et al. [26] Retrospective study 64 Neuroimaging analysis  relationship was found
between bilateral
hypoxic—ischemic brain
injury patterns and AHT
Physicians should exclude
non-traumatic bleeding
. . . . and second, accidental
Vinchon et al. [27] Prospective study 1138 Review of registry trauma. A systematic and
multidisciplinary approach
is mandatory.
Koumellis et al. [28] Retrospective study 18 Neuroimaging analysis 44% of cases showed occult

subdural collections

Cartocci et al. [29]

Review

Neuroimaging analysis

Radioimaging is
mandatory in suspect of
AHT. Subdural
hemorrhages with bridging
vein rupture and
thrombosis are more
commonly associated
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Table 1. Cont.

Number of
Suspected or Investigations
Authors Type of Study Confirmed AHT Performed Results
Cases Analysed
In patients with subdural
hematomas, the first
hypodense component due
to SDH was between
Bradford et al. [30] Retrospective study 210 Neuroimaging analysis 0.3 and 16 days after injury,
and the last hyperdense
component disappeared
between 2 and 40 days
after injury.
SDH was associated with
maternal drug use, delayed
presentation in ED,
Clinical and seizures, altered level of
Snelling et al. [31] Retrospective study 20 . . . consciousness; fractures,
radiological analysis L -
skin injuries or retinal
hemorrhages; radiological
findings of bilateral and
inter-hemispheric blood
SDH was in 69% of cases,
Clinical and retinal hemorrhages were
Dashti et al. [32] Retrospective study 38 . . . in 53% of cases. Low
radiological analysis . .
socioeconomic status was
associated with SDH.
Clinical and SDH, severe RH, and
Vinchon et al. [33] Retrospective study 45 radiolowical analvsi absence of signs of impact
adiological ahalysis were associated with AHT
Clinical and RH, fractures, and SDH
Keenan et al. [34] Retrospective study 80 radiolowical analvsi were more associated
adiological analysis with AHT
165 circulating serum
. . . . proteins display differences
Wiskott et al. [35] Experimental study 7 Proteomic analysis in AHT cases
versus controls
Clinical and Fractures were found in
Feld et al. [36] Retrospective study 72 . . . 32% of cases; skin injuries
radiological analysis . emo
were found in 53% of cases
Ophthalmolosical Bilateral, extensive, and
Bhardwaj et al. [37] Systematic review 20 studies arﬁil sis & intraocular hemorrhages
o4 are highly specific for AHT
E:j;glo;ﬁgoa?fal Spinal blood collection is
Colombari et al. [38] Review - . P & the most indicative finding
spinal cord .
.. in AHT.
examination
circumstantial data,
post-mortem radiological
Maiese et al. [39] Systematic review 49 studies Clinical and forensic examinations, autopsy, and

investigations

histological examination of
the eye and brain play
an important role




Diagnostics 2023, 13, 3093

8of 13

Table 1. Cont.

Number of
Suspected or Investigations
Authors Type of Study Confirmed AHT  Performed Results
Cases Analysed
The main associated
Clinical and findings were: male sex,
Orug et al. [20] Retrospective study 8 radiolosical analvsis trauma perpetrated by the
& y father, bilateral retinal
hemorrhage
Clinical and massive bilateral retinal
Messing-Jiinger et al. [40] Case report 1 radiolosical analvsi bleedings, fracture of the
aciological ahalysis femur, left SDH
Subdural hematoma,
Autopsy and retinal hemorrhage', and
encephalopathy without
post-mortem
Unuma et al. [41] Case report 1 . . fractures were present but
histological N
Lo post-mortem examination
examination

revealed acute
lymphoblastic leukemia

3.5. Medico Legal Investigations on Child and Post-Mortem Analysis

In the face of numerous studies focused on brain and retinal lesions, few studies have
been conducted on injuries of other types, such as skeletal or skin lesions. Feld et al. ana-
lyzed a series of 72 cases of children undergoing a coroner’s examination in Germany [36].
Fractures were found in approximately 30% of cases, especially in the clavicle and skull.
Skin lesions consisting of hematomas or abrasions were found in approximately 50% of
cases, concentrated on the face, head, and trunk. The data show how AHT is often accom-
panied by a form of physical abuse, which is also characterized by extracerebral lesions.
Therefore, a detailed forensic examination is necessary, accompanied by a skeletal survey if
abuse is suspected.

At autopsy, intraocular hemorrhages are very frequent in cases of suspected abuse,
with a sensitivity and specificity of 75% and 94%, respectively [37]. The assessment of AHT
should not be based solely on a single sign but on a series of evidence [37]. In several
autopsy cases, post-mortem enucleation is described for evaluation of the cause of death.
In recent works, the possibility of ophthalmoscopy on cadavers has also been evaluated,
making use of photographic image technologies. However, post-mortem evaluations of
the eye with the OCT exam have limitations related to the corneal opacity, due to post-
mortem processes for which more studies are needed in this regard. A recent systematic
literature review on AHT examined the role of post-mortem CT, signaling the role that
this investigation plays in post-mortem diagnostics. It is useful for the identification of
skull fractures and internal bleeding, which represent the most frequent findings in cases
of abuse [38].

Histopathologic examination may demonstrate hemorrhagic cleft, subhyloid hemor-
rhage, and subretinal hemorrhage. It is also possible to evaluate intraretinal hemorrhages
(cherry pattern), intrascleral hemorrhage, and subdural hemorrhage of the optic nerve.
One of the main signs is represented by the identification of the cherry hemorrhage in
the internal-limiting membrane. A literature review demonstrated that immunohisto-
chemistry could demonstrate axonal damage using the beta-amyloid precursor protein
staining (3 APP) marker [39]. An adequate interpretation of the immunohistochemical
results is necessary as the positivity to this marker may also be present in other cases such
as in hypoxic/ischemic, metabolic, and traumatic insults. Glycophorin-A, an erythrocyte
membrane protein, has also been suggested as a useful marker for detecting hemorrhagic
lesions. A recent experimental study examined a series of 113 cases under 2 years of age, of
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which 8 cases resulted in death [20]. Post-mortem investigations demonstrated subdural
and subarachnoid hematoma and intracranial hemorrhage in 50% of cases. Microscopic
histopathological examination instead showed signs of focal subdural bleeding in 50% of
cases localized at the spinal cord level. In all cases, retinal hemorrhage was evident, which
occurred with bilateral localization in 75% of cases.

3.6. Investigation Protocols for Diagnostics
3.6.1. Clinical Investigation Protocols

The classic pathological triad should be intracranial subdural hematoma, encephalopa-
thy with ischemic hypoxic damage, and retinal hemorrhages (Figure 1). However, several
authors dispute the diagnostic value of this triad. In the clinic, AHT should always be sus-
pected when a newborn/child shows evidence of a head injury or signs and symptoms of
head injury (headache, epilepsy, drowsiness, etc.). The evaluation should always consider
investigation protocols according to a flowchart approach through careful examination
with the intervention of a forensic expert and a pediatrician, ophthalmological evaluation
with fundus examination, the performance of level I (brain X-ray with the evaluation of
the fontanelles) and II (CT/MRI) radiological investigations, the exclusion of alternative
diagnoses, and the evaluation of laboratory tests (Figure 2). The history should always
include a thorough collection of data provided by the parents on the event, with the evalu-
ation of any circumstantial data if available (history of past abuse, drug abuse, etc.) and,
where possible, a history of the child in the presence of a pediatrician. Suspicion should
be increased when simultaneous fractures are found, especially if they are multiple and in
different anatomical sites [40].

Neuroimaging Q Ophtalmologic

Neurological
investigations

Evaluation of
symptoms

evalutation

% \ e Skin
S evalutation

—

Skeletal
survey

Family history and
circumstancial data

Figure 2. Diagnostics protocol for AHT (created with BioRender.com, (accessed on
26 September 2023)).
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3.6.2. Post-Mortem Investigation Protocols

Post-mortem investigations must include timely analyses. The investigations should
start with the evaluation of circumstantial data from the parents or those who assisted the
child, with the collection of testimonies from neighbors or acquaintances. The investigation
should always include the analysis of the scene with a direct inspection aimed at collecting
evidence of abuse. In all cases, CT should be performed before the autopsy, with 3D
reconstruction sequences of the head. This investigation is essential in order to evaluate any
lesions on which to focus even before the autopsy. Furthermore, this assessment is essential
to radiologically crystallize any injury that should be altered during autopsy. Particular
attention should be paid to signs of brain injury.

Autopsy must be considered mandatory in all doubtful or suspicious cases. The
examination should include an accurate external analysis with photos. All external injuries
(grazes, bruises, burns, lacerations, etc.) should be photographed and measured with
a color reference [40]. Ecchymoses should be incised to evaluate their vitality and taken
to allow a microscopic visualization. The forensic pathologist must therefore carry out an
accurate examination of the brain with the removal of the entire organ. The cranial fossae
must be visualized carefully as it is possible that they are more difficult to visualize on
CT. The pathologist should also perform an OCT in order to visualize the retina fundus
and subsequently proceed to the enucleation for the study in its entirety. Spinal cord
examination at autopsy is essential. The histopathological examination must always be
performed in order to exclude any alternative disease and to obtain a microscopic analysis
of the injuries. The contribution of immunohistochemistry with the search for markers
such as glycophorin can prove to be of support in the diagnosis.

3.6.3. Forensic Investigation of the Perpetrator

Defining responsibility for abuse can be extremely complicated. In 50-60% of cases,
the father is responsible, in 9% of cases, the mother’s partner is responsible, and in approx-
imately 30% of cases, it is the mother herself. A recent study showed that 50% of cases
in Germany involving suspected abuse cases were closed without trial due to the lack of
evidence against a specific person [36]. In another study, Clauf et al. found that in 33%
of the cases examined, the proceedings were terminated by the Public Prosecutor due to
a lack of suspects [42]. The main problems include the lack of sufficient evidence from the
prosecution, the lack of testimony, and the impossibility of obtaining information from the
child. It is clear that timely recognition of AHT is essential to start a forensic investigation
and find the perpetrator.

3.6.4. Differential Diagnosis with Pathologies Not Related to Abuse

An accurate differential diagnosis is always necessary in cases of suspected child
abuse. This diagnosis must take into account numerous other possible diseases such as
congenital vascular malformations, infections of the nervous system, coagulation disorders,
accidental head trauma, and galactosemia. Unuma et al. described a complex case of
death of a two-month-old infant presenting with subdural hematoma, retinal hemorrhage,
and encephalopathy, without any fractures [41]. Histopathological examination, how-
ever, showed B-cell acute lymphoblastic leukemia for which after a detailed differential
diagnostic investigation, AHT was excluded.

4. Conclusions
Conclusions and Future Research Perspectives

The challenges related to this issue concern the timing of recognition of AHT at the first
medical contact. In suspected cases, it is desirable to apply clear and defined algorithms
that support the decisions of the clinician to first interface with the case. The diagnosis
requires the intervention of a multidisciplinary team, which must necessarily include
the presence of a forensic expert, a pediatrician, an ophthalmologist, and a radiologist in
a global assessment that requires multiple skills. The challenges related to the clinical setting
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concern the improvement of the sensitivity and specificity of the diagnostic algorithms and
the search for potential early biomarkers correlated to AHT.

The evaluation of a case of suspected AHT requires an overall analysis of the cerebral
pathological and neuroimaging evidence, accompanied by the collection of family history
with an evaluation of risk factors, a careful external examination with a search for skin
lesions, the evaluation of fractures, and the exclusion of comorbidities or alternative diag-
noses. Forensic investigations must be promptly started in suspected cases, with a warning
sent to the Judicial Authority, the collection of testimonies and investigations by electronic
support, and surveillance strategies for suspects. The autopsy accompanied by the CT
scans must be considered mandatory in all suspected cases or those with incongruous
traumatic dynamics. This study emphasizes how and when diagnostic investigations such
as ophthalmological evaluation, neuroimaging, a skeletal investigation, a thorough external
skin examination, the evaluation of symptoms, and an in-depth neuronal investigation of
the child are consistent with the diagnosis of abuse, as well as how careful circumstantial
data, high levels of diagnostic sensitivity, and specificity can be achieved.
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