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dren remains a common problem associated with

unique challenges and intervention opportunities
for neurosurgeons, other clinicians, child advocates, and
legal professionals. Research has led to substantial prog-
ress in understanding the epidemiology, clinical presenta-
tion, evaluation, differential diagnosis, likely mechanisms,
pathophysiology, management, legal issues, and outcomes
of children with this constellation of injuries. This review
seeks to update the reader on this sometimes-contentious
topic and to provide practical guidance to clinicians faced
with a patient for whom an inflicted injury is a consider-
ation.

NONACCIDENTAL trauma in infants and young chil-

Epidemiology

Abusive head trauma (AHT) is a universal phenomenon,
reported and studied around the world.!>523 The incidence
is estimated at 20—30/100,000 children, with victims’ me-
dian age being 4 months, highlighting the vulnerability of
young infants. More than 2000 hospitalized children are
assigned diagnoses of AHT annually in the US using code-
based definitions.”* Perpetrator confessions suggest that

some infants are handled violently on multiple occasions
prior to presenting for medical care, while others are in-
jured in a single violent event.?

Terminology and Mechanisms

99 ¢

The terms “abusive head trauma,” “nonaccidental trau-
ma,” and “inflicted injury” are used interchangeably to
refer to cranial or nervous system injuries resulting from
the deliberate application of force to a child. Identifying
possible AHT prompts evaluation for additional injuries,
involvement of child protection and law enforcement ex-
perts, and protecting the patient and other children from
subsequent harm.®" Clinical, scientific, and policy ap-
proaches have evolved significantly since the mid-20th
century* (Fig. 1).

Clinical presentation, specific pathoanatomical inju-
ries, and specific mechanisms vary among children with
inflicted injuries, and the differential diagnosis includes
accidental trauma and nontraumatic medical or congenital
etiologies. It is the pattern and constellation of injuries in
the context of the history and host (patient) factors that en-
able the clinician to make the determination of an inflicted

ABBREVIATIONS AHT = abusive head trauma; CPS = Child Protective Services; SBS = shaken baby syndrome; SDH = subdural hemorrhage.
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FIG. 1. Timeline showing evolution in recognition, advocacy, terminology, and biomechanics research of AHT. Additional informa-

tion on other aspects is included in the text.

mechanism. This can be made with high confidence in
some cases, while in others the data allow for suspicion but
not a presumption of a nonaccidental cause.®® As examples,
subdural hemorrhage (SDH) with an acute skull fracture in
an infant who is not yet rolling in the setting of exclusive
caregivers who provide an unequivocal denial of any pos-
sible traumatic event, or acute SDH and skeletal injuries
of various stages of healing in a child with a history of a
2-foot horizontal fall from a couch, are indicative of in-
flicted injury once medical conditions have been excluded.
In other children, sufficient suspicions are raised that pro-
tection of the child is prioritized, even if the determination
cannot be made definitively. Various reviews, algorithms,
and decision rules have been created to assist the clinician
in this determination, and child abuse specialists typically
are familiar with these resources.043-1.54

Semantic differences between clinical and other disci-
plines exacerbate controversies in this arena. In medicine,
a diagnosis typically refers to a pathoanatomical entity
or pathophysiological process (e.g., subdural hematoma),
while a mechanism is the mechanical cause of the injury
(e.g., fall). Thus, AHT is not a “diagnosis” in the usual
medical sense but instead refers to the determination of
an inflicted mechanism to explain the findings (although
there do exist “diagnostic codes” for inflicted injury). In
forensics, proximate, intervening, and immediate causes
refer to a chain of events resulting in death, and “mecha-
nism” refers to the final fatal physiological derangement—
e.g., exsanguination. Thus, whether AHT is a diagnosis,
cause, or mechanism depends on which meaning is being
applied. For the ensuing discussion, we will use the term
“mechanism” in the sense of mechanical forces.

Most head injury mechanisms include combinations of
impact (contact) and inertial (intracranial motion) forces
in varying magnitudes and directions. SDH is the most
common pathoanatomical injury encountered in AHT and
is associated with varying degrees of parenchymal brain
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injury, ranging from negligible through extensive.?’# On
CT scans, venous epidural collections can mimic SDH,
causing further confusion. Acute SDH can occur from an-
gular deceleration, from direct contact forces with cortical
vessel tear, or from static strains such as parturition. While
the exact forces required to cause SDH in infants of differ-
ent ages remain incompletely understood, SDH associated
with life-threatening parenchymal injury has rarely if ever
been shown to be associated with simple falls from a hori-
zontal position with head to ground distances under about
3 feet in otherwise healthy children. Mechanisms involv-
ing additional forces, such as falls from highchairs, chil-
dren pushed from standing position, or falls from moving
playground equipment rarely have been associated with
more clinically significant or fatal injuries.>-30414475 The
forces required to cause chronic or hemorrhagic CSF col-
lections remain unclear and likely vary with conditions in-
cluding large subarachnoid spaces or ventriculoperitoneal
shunting.

Other injuries encountered in AHT include skull frac-
tures, indicating impact, and scalp hematomas from im-
pact or other strains such as delivery or hair pulling. Bilat-
eral skull fractures can occur from a single frontal or oc-
cipital impact. The malleable head stopping against a soft
surface widely distributes cranial contact forces that can
remain below the threshold for visible external damage,
despite brain deceleration reaching a high magnitude.3?76-™
It is thus a faulty assumption that the absence of physical or
radiological signs of impact in a child with subdural hema-
toma implies impact did not occur and thereby confirms
shaking.

Whether violent shaking alone can cause an SDH with
severe brain injury or whether the large difference in force
magnitude between shaking and impact (the latter up to 50
times greater than shaking) supports impact as the likely
causative mechanism remains debated, in part because of
the limitations of anthropomorphic or animal models to



fully replicate the human situation.?+323747%¢ Nonetheless,
inflicted impact forces are well within the range estimated
to cause significant injury and are well above those gener-
ated by low-height falls.’® While low-height falls for in-
fants can cause skull fractures and epidural hematomas,
this mechanism is not associated with life-threatening
primary brain injury. Cervical pathology seen on some
autopsies and MRI studies suggests that shaking or im-
pact hyperflexion may play a role in apnea or other clinical
sequelae.*

Severe hemispheric damage can be bilateral or unilater-
al in AHT, countering the supposition that damage results
solely from a uniform global insult such as hypoxia.?’?!
Because of these variations in injury patterns, pediatric
organizations have endorsed nonmechanistic terminology
for this spectrum of injuries (AHT, nonaccidental trauma,
inflicted injury), rather than the mechanistically narrow
“shaken baby syndrome.”?® Despite controversies about
shaking versus impact, children with certain constella-
tions of head/brain and/or somatic injuries, in combina-
tion with a specific history or a lack of history, who have
no predisposing medical condition, can be clearly deter-
mined to be the victims of inflicted injuries. Determina-
tion depends on the multiplicity and chronicity of injuries,
constellations of injury that have not been shown to oc-
cur without mechanical trauma, or have not been reported
in the large body of clinical series investigating specific
types of accidental events.

Clinical Presentation

Clinical manifestations of AHT vary with age, mecha-
nism, and specific types of injuries. Children present with
variable neurological signs, from irritability to coma, with
vomiting, seizures, or a bulging fontanelle or occasionally
with occult injury identified as part of a child abuse evalu-
ation for extracranial injuries.?? In at least half of AHT
cases, there is no history of trauma, which can contribute
to misdiagnosis; in the remainder, a low-height fall usually
is described.?>*™ Physician uncertainty and discomfort
with child abuse can contribute to incorrect diagnosis. Up
to one-third of AHT victims have evidence of a previous
injury that was not recognized as inflicted, and they may
subsequently suffer a more severe or even fatal injury.#6-61.77
Racial disparities in evaluation of suspected abuse lead to
both over- and underdiagnosis of AHT in different racial
and socioeconomic populations.*

SDH is identified in most victims of AHT, and most
SDHs in infants result from abuse.®” Serum biomarkers
may help point to brain injury from any cause as a source
of nonspecific symptoms in infants, but they are not yet
widely available.'® Retinal hemorrhages that are bilateral,
severe, and include posterior pole and peripheral hemor-
rhages are characteristic of AHT."*® Any bruising in non-
ambulatory infants should always raise the possibility of
inflicted injury and is identified in about one-third of AHT
patients.30:4374

Up to half of patients have visible scalp bruising, which
is less than that seen in accidental trauma.'>3682 Neu-
roradiological imaging is unable to discriminate impact
from nonimpact head injury; scalp hemorrhage may not
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be visible on the surface, and not all skull fractures result
in identifiable scalp swelling.?2447

Fractures of various bones are found in approximately
18%—-55% of young abused children, and about 25% of
fractures in infants are attributable to abuse.$24 Skull
fractures are identified in approximately 25% of AHT
victims, usually accompanied by intracranial injury.’”™
No specific pattern of skull fracture discriminates an ac-
cidental from abusive mechanism, but multiple fractures,
rib, spine and scapular fractures, and classic metaphyseal
lesions are strong predictors of abuse when identified in
infants with an intracranial injury.”>*5677 When patients
present with combinations of characteristic findings, the
probability of AHT can be estimated; for some combina-
tions the positive predictive value approaches 100%.43677

Neurosurgical Assessment and Acute
Management

Neurosurgeons are consulted when history or findings
suggest a traumatic injury to the head or spine, and they
often play an important role in guiding appropriate neuro-
imaging and management. Attention to airway, breathing,
and circulation is paramount, recognizing that young in-
fants with skull fractures and scalp hemorrhages can suf-
fer acute anemia and even shock. A trauma consult should
be strongly considered to assess for occult injuries, includ-
ing viscera.

It can be helpful to “create a mental video” by eliciting
details of exactly what happened at the scene just before,
during, and after the event.*® Where were the caregivers,
and where was the child? What position was the child in
before the fall, what was the head-to-ground height, point
of contact, surface struck, and position after landing?
Heights often can be measured from comparable furniture
in the room in which the interview occurs. What happened
immediately after injury through arriving at medical care?
For mobile children, where and with whom was the child,
and what brought the injury to attention? Similar detailed
scenarios can be constructed when trauma is explicitly de-
nied for events before and after symptoms were noted, and
inconsistent or implausible histories identified. For admit-
ted or witnessed assaults, a similarly detailed history can
help estimate the types and magnitudes of forces experi-
enced by the child.

Recognizing injury severity in infants with limited be-
havioral repertoires can be challenging, and subtle seizures
can be misinterpreted as spontaneous movements. The ab-
sence of crying or grimacing to painful stimulation, even
if the eyes are open, is highly suggestive of serious brain
dysfunction in injured infants.?

The neurosurgeon determines whether intracranial
hemorrhages require evacuation and which surgical pro-
cedure to use. For infants with an open fontanelle, bloody
fluid, and signs of increased intracranial pressure or cor-
tical irritation, drainage via a fontanelle tap or subdural
drain is an option and confirms the presence of blood in
equivocal situations. In cases of more solid clots with mass
effect, surgical decisions follow similar principles as those
for older children, to prevent herniation and preserve un-
injured brain. In children with unilateral pan-hemispheric
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FIG. 2. Radiological findings showing unilateral pan-hemispheric
damage patterns associated with AHT. A: Axial brain CT scan of an
unresponsive 2-year-old beaten by caregiver on the previous night. Note
small right subdural collection and extensive brain swelling. B: Diffusion-
weighted MR image of same child showing abnormal signal and swelling
of entire involved hemisphere, along with contralateral subfalcine hernia-
tion and frontal infarction. C: Axial FLAIR MR image of 1-year-old child
presenting with coma, right extensor posturing, and dilated right pupil,
scanned after early evacuation of subdural hematoma and hemicraniec-
tomy. Midline shift resolved; note sparing of contralateral frontal lobe.

damage, early surgery can prevent subfalcine herniation
and contralateral frontal infarction (Fig. 2), even if the
natural history of the ipsilateral hemisphere remains un-
altered. While potentially beneficial, hemicraniectomy
is associated with a high rate of hydrocephalus requiring
shunt placement and cranial complications, including bone
resorption, which can be challenging to manage in young
children.!’*

Two-thirds of children with an acute inflicted injury have
seizures, with many being subclinical. Thus, some centers
treat all children with prophylactic anticonvulsant agents
and employ continuous EEG monitoring for children with
more severe injuries.!*42%40.63 Early seizures correlate with
poor outcome and may contribute to the pathophysiology
of the injury.?>?° Monitoring and treatment of intracranial
pressure vary among institutions; some practitioners feel
that infants with open fontanelles can be followed clini-
cally, while seriously injured toddlers are managed more
like older children, but definitive data remain sparse on ef-
ficacy.”” Children with inflicted injuries who do not have
serious brain injuries are managed for presenting problems
by appropriate specialists.

Radiology

CT scanning has been the historical mainstay of the ra-
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diological diagnosis of head trauma, but MRI has gained
traction due to improved sensitivity for certain injury
types, shorter scan techniques allowing unsedated imag-
ing, absence of radiation, and increasing availability.*%$!
CT scanning is superior for fracture detection, and MRI
is more sensitive for parenchymal hemorrhage and contu-
sion, distinguishing the subdural from subarachnoid com-
partments, and demonstrating ischemic changes, typically
using T2-weighted, susceptibility, and diffusion-weighted
sequences. The latter may be the earliest means of detect-
ing so-called big black brain or hemispheric hypodensity,
terms based on CT findings, but perhaps more universally
described as profound pan-hemispheric damage. Neither
CT nor MRI can precisely “date” a hemorrhage beyond
some general estimates. Likewise, blood of different den-
sities or intensities does not necessarily connote “old” and
“new” or repetitive injuries, because of mixing of blood
products in the subdural and subarachnoid spaces.>”8 Be-
cause of the superior sensitivity and prognostic value of
MRI and its ability to assess cervical ligamentous injury,
some centers prioritize MRI for head and spine imag-
ing and utilize skull radiographs or reduced-radiation 3D
skull CT to assess for fractures. More detailed vascular
imaging with CT or MR angiography or venography is
sometimes indicated to assess for venous sinus thrombo-
sis, arteriovenous malformation or fistula, aneurysm, and
arterial dissection.®?

High-quality skeletal survey following published guide-
lines  (https://www.acr.org/-/media/ACR/Files/Practice-
Parameters/Skeletal-Survey.pdf) is an essential component
of the evaluation of patients with a suspected AHT, as
the identification of unexplained fractures in this setting
strongly supports a diagnosis of trauma and abuse. Re-
peating the skeletal survey 2—3 weeks after initial presen-
tation identifies fractures that were previously not visible
radiographically (e.g., rib fractures and classic metaphyseal
lesions), assists in dating of the injury, and improves the
diagnostic sensitivity and specificity of the study.’** Ab-
dominal imaging is indicated for children with notable ab-
normalities in their abdominal trauma laboratory testing or
for those with external evidence of abdominal injury.

Medical Evaluation

Infants and children who present with unexplained
alteration in mental status or injury require careful con-
sideration for the possibility of abuse. Building on the
findings at presentation, tailored medical evaluation helps
guide management and elucidate potential contributors
to the clinical picture. The initial laboratory assessment
screens for underlying treatable diseases that cause intra-
cranial hemorrhage, as well as hematological and meta-
bolic consequences of brain injury. Patients with primary
coagulopathies such as hemophilia or liver disease that
impairs vitamin K production can present with intra-
cranial hemorrhage. Brain tissue procoagulant release
causing coagulopathy is a well-documented consequence
of traumatic brain injury, including AHT.**$* Hepatic
enzymes may be elevated from abdominal trauma, tran-
sient ischemic liver injury, or undiagnosed primary liver
disease.”® Standard measures of coagulation, electrolytes,



and abdominal trauma laboratory tests are recommended
for all patients with AHT, and guidelines are available
through the American Academy of Pediatrics (https:/
pediatrics.aappublications.org/content/135/5/e13377utm_
medium=referral&utm_source=r360; https:/pediatrics.
aappublications.org/content/131/4/e1314.long).>*

For many children, the diagnosis of AHT is readily evi-
dent by the range of injuries identified during the evalu-
ation, but for others, careful consideration of alternative
diseases requires additional evaluation. The differential
diagnosis of SDH in infants and children includes birth
and accidental trauma; metabolic and genetic diseases; he-
matological, oncological, and autoimmune diseases; con-
genital malformations; and others.”? Likewise, many pedi-
atric diseases predispose to retinal hemorrhages, bruises,
or fractures in infants and young children. Attention to de-
tails in the history, physical examination, laboratory tests,
and radiological images guides the medical evaluation,
as it does with all diagnoses. Special attention should be
given to children who present to care very early in infancy
(when metabolic and genetic diseases may become symp-
tomatic), children with unusual histories or physical find-
ings, children with multisystem chronic diseases, and chil-
dren whose laboratory evaluation reveals atypical results.
Because accidental head trauma occasionally can result
in severe neurological injury, an open mind and thorough,
objective assessment of all children who are evaluated for
possible AHT is mandatory.”?°

The medical evaluation would not be complete with-
out a thorough psychosocial assessment and collaboration
with hospital social workers, who serve as liaisons with
Child Protective Services (CPS) and law enforcement.
Social work and, if available, the hospital’s Child Protec-
tion Team should be consulted as early as possible to assist
with diagnostic evaluation, mandatory reporting, and fam-
ily support.

Controversy, Challenge, and Opportunity

Contention surrounding the diagnosis of AHT, and
most specifically the concept of shaken baby syndrome
(SBS), has emerged over the past 2 decades, having pri-
marily been debated in the courtroom. Although medical
skepticism and scientific debate are important to advance
medical knowledge and improve patient treatment and
public health prevention, because the civil and criminal
justice systems are often involved in cases of AHT, sci-
entific debate related to AHT is often argued during legal
proceedings rather than in medical journals, a system not
designed to determine scientific truth.

As an example, in recent years, a case report of unique
medical causation involving choking has been proffered in
courts as an alternative explanation for AHT, despite criti-
cisms of intentional omissions and misrepresentations.!?-4
Recently, systematic reviews highlighting the injuries as-
sociated with AHT, as well as systematic reviews arguing
against the diagnosis of SBS, have been published.?>63:66:74
Some of these reviews have been sharply criticized for im-
proper methodology, provoking intense debate.?

Recent arguments against the validity of AHT/SBS
have focused on the specificity of a triad of SDH, retinal
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hemorrhage, and encephalopathy that is claimed to be di-
agnostic of AHT. This controversy regarding a triad is, in
fact, an oversimplification, created for legal defense argu-
ments against the determination of AHT.?® The pediatric
and child abuse communities agree that the so-called triad
is not diagnostic of AHT. The findings of SDH, retinal
hemorrhage, and encephalopathy, while commonly identi-
fied in victims of AHT and characteristic of abuse, are
not diagnostic of such, and there are known diseases and
other medical conditions that are considered in the clini-
cal differential diagnosis. In all cases, a determination of
AHT requires careful consideration of all clinical facts.
The findings should be considered in the appropriate clini-
cal context, and a rush to determination of abuse is never
appropriate. As noted above, for some children, the con-
stellation of injuries in the context of their history makes
a clear determination, and in others identification of ad-
ditional injuries confirms the mechanism of injury and
child abuse. Additional investigation by law enforcement
or CPS sometimes uncovers information that supports or
refutes accidental or abusive injury. In some instances, no
clear determination can be made. In other cases, known
medical diseases are identified, and abuse is eliminated
from consideration.

Published peer-reviewed medical literature regarding
AHT is extensive, and clinical experience by thousands of
physicians leaves no doubt that infants and young children
can sustain head and brain injury by those who are en-
trusted to care for them. There are many ways to cause
inflicted injury, and there is much still to learn about the
infant brain, its response to trauma, the pathophysiology
of the often extensive damage seen, and approaches for
early detection and prevention of abuse. Some injuries are
accidental and some remain appropriately indeterminate
with respect to abuse. Nevertheless, to deny the existence
of AHT by employing unique alternative theories of causa-
tion, faulty mathematical analyses, selective biomechani-
cal data, and absolute intolerance for the limitations of
clinical research is an unreasonably narrow response to an
accumulated body of clinical and scientific evidence.

Legal Interventions

Federal and state laws define child abuse, and civil
and criminal responses to abuse are generally guided by
state statutes. CPS are civil agencies established to inves-
tigate reports of maltreatment, ensure the ongoing safety
of children, and work with families who require support
and intervention; potential crimes are investigated by law
enforcement. Most cases of AHT involve investigations
by both CPS and law enforcement. Physicians are legally
mandated to report suspected abuse, with reporting mech-
anisms varying by state. Reporting requires a reasonable
suspicion of abuse, not a certainty. Victims of AHT require
protection and family intervention, sometimes requiring
the removal of a suspected perpetrator from the home or
the temporary placement of the patient in kinship or fos-
ter care. Decisions made by CPS may be guided by medi-
cal team input. State laws protect physicians if a suspicion
proves erroneous as long as the report was made in good
faith, and physicians can be held responsible in both civil
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and criminal courts for failing to report suspicions. Physi-
cians may be subpoenaed to testify in civil hearings and
criminal trials to help educate the court regarding medi-
cally related issues. Although physicians often loathe the
adversarial nature of the courtroom, objective, honest testi-
mony is vital to the court’s ability to render justice.

Outcomes and Prevention

Neurological and functional outcomes in children with
inflicted injuries are variable, but generally are worse than
for children with accidental mechanisms. Cognitive and
behavioral problems, as well as spasticity, hemiparesis,
and epilepsy are common, and of children who survive,
about two thirds are severely or moderately disabled, and
one-third have relatively good outcomes, though they may
have cognitive or behavioral deficits."-3

Despite laudable efforts, prevention of AHT has proven
elusive. Programs to improve awareness of AHT, normal-
ize infant crying and appropriate parental coping, and edu-
cate parents of newborns about the dangers of shaking and
other violent actions have been shown to increase knowl-
edge of the problem, but have not been translated into sub-
stantial reductions in AHT incidence.!**3 Recognition of
those most likely to inflict abuse has helped target educa-
tion efforts (fathers/stepfathers/boyfriends then babysitters
then mothers).® Increased physician recognition of the
significance of common antecedent injuries may facilitate
appropriate interventions that would prevent subsequent
serious injury.”’

Conclusions

Neurosurgeons have an important role to play in the
evaluation, management, and understanding of AHT.
While controversies remain and will require ongoing
study, that inflicted injury occurs is unequivocal. Equally
clear is that in some cases, while suspicion exists, a de-
finitive determination of an inflicted mechanism cannot
be made with certainty, and then protection of the child
becomes paramount. Management relies on the basic prin-
ciples of pediatric neurotrauma care, with the recognition
that although young children can be more difficult to as-
sess, appropriate surgical intervention, seizure manage-
ment, and critical care can be brain sparing. Collaborating
with child abuse specialists to help come to a determina-
tion of how the injuries occurred is another part of the neu-
rosurgeon’s contribution to the care of young children with
neurotrauma.
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