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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the author’s clinical recommendations.

A 4-month-old male infant is brought to the emergency department by paramedics.
His mother had dialed 911 because the infant appeared to be limp when she lifted
him from his crib after she returned from work; she had left him with her boyfriend
while she was at work. On arrival in the emergency department, the infant’s tem-
perature is 37°C, heart rate 114 beats per minute, blood pressure 90/68 mm Hg, and
respiratory rate 28 breaths per minute. The physical examination is normal except for
decreased muscle tone, and there is a 1-cm bruise on his left cheek. How should this
case be evaluated and managed?

THE CLINICAL PROBLEM

INCE THE PUBLICATION OF “THE BATTERED-CHILD SYNDROME” IN 1962,
which focused on the physical findings of child abuse, the concept of child
maltreatment has expanded to include sexual abuse, emotional abuse, and
neglect. Statistics on child maltreatment have been collected since 1988 as a result
of an amendment to the Child Abuse Prevention and Treatment Act, which estab-
lished the National Child Abuse and Neglect Data System. Although figures vary
yearly, approximately 700,000 cases of child abuse and neglect are reported annu-
ally in the United States.? Figure 1 shows the number of cases of child abuse, ac-
cording to the type of abuse, that were documented by the Department of Health
and Human Services in 2015. This article focuses exclusively on physical abuse.
Assessments of child abuse involve the interaction of multiple disciplines, includ-
ing medicine, social work, law enforcement, and the judicial system. This interdis-
ciplinary approach, which is facilitated by Child Advocacy Centers or similar
multidisciplinary models, can be challenging because of differing definitions of
child abuse, expectations regarding information that can be determined during
the medical evaluation, or interpretations of findings. Evidence as used in the
context of “evidence-based medicine” differs in concept and methodology from
evidence as used in the legal context. The physician may be asked to render a legal
opinion as to whether medical findings indicate abuse; many published reports on
medical findings indicative of abuse are based on observational data — primarily
from case series — and on clinical judgment. Mechanical models that are used to
simulate falls or shaking may not be applicable to children.>* In addition to a
medical evaluation to guide treatment, findings that do not require therapy but
that support an inflicted cause must also be documented. The legal mandate for
physicians to report suspected child abuse requires a reasonable suspicion of abuse,
which is sometimes a difficult criterion to meet because of uncertainty regarding
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KEY CLINICAL POINTS

PHYSICAL ABUSE OF CHILDREN

of hepatic and pancreatic enzymes.

suspicion of child abuse.

«  Physically abused children, particularly infants, may present with nonspecific symptoms and signs, such
as vomiting or apnea; the possibility of abusive head trauma requires consideration in such cases.

« Physical findings, such as bruising of the face, neck, or torso, or intraoral lesions, such as torn frenula,
in infants who are not yet ambulatory should arouse suspicion of inflicted trauma.

« The evaluation of infants and young children for suspected inflicted trauma should include a complete
physical examination of the child, with particular attention to the skin, oral cavity, and abdomen; imaging
of the brain; a funduscopic examination for retinal hemorrhages; a skeletal survey; and measurement

« Physicians are mandated to report to child protective services cases in which they have a reasonable

the diagnosis, particularly when the physician
has an ongoing relationship with the family, in
which case the physician may want to be more
certain of the diagnosis.®

STRATEGIES AND EVIDENCE

EVALUATION

Although abused children may often have injuries
to more than one area, some have injuries that
are isolated or sentinel (i.e., having the potential
to predict a catastrophic event). The recognition
of such findings provides an opportunity for
intervention and prevention of more serious con-
sequences, including death. In addition to per-

Unknown,
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Medical neglect,

Psychological
15,169 . &

maltreatment,
42,549

Figure 1. Number of Cases of Child Abuse in the United States in 2015,
According to the Type of Abuse.

Adapted from the U.S. Department of Health and Human Services.?
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forming a careful physical examination, assessors
must be knowledgeable about child development
and should assess the credibility of the details of
the alleged event. Table 1 provides a list of the
recommended steps that should be taken to as-
sess cases of suspected child abuse. For the pur-
pose of a brief overview of physical abuse, it is
useful to categorize injuries into four domains:
abusive head trauma, abdominal trauma, cuta-
neous and intraoral findings, and fractures.

ABUSIVE HEAD TRAUMA

The term “shaken-baby syndrome” was intro-
duced more than 30 years ago,® and since then,
vigorous discussion has ensued regarding wheth-
er the neuropathologic symptoms associated with
the shaken-baby syndrome are attributable to
shaking alone or whether a blunt impact is re-
quired. In a 2009 policy statement, the American
Academy of Pediatrics recommended replacing
the term shaken-baby syndrome with “abusive
head trauma” to avoid the connotation that the
mechanism of injury was specifically known for
individual cases’; we use the more recent termi-
nology here.

The incidence of abusive head trauma is esti-
mated at 20 to 30 cases per 100,000 infants
younger than 1 year of age.® Mild cases may go
unrecognized, and fatal cases with additional
injuries may be categorized as multiple traumatic
injuries. Data indicate a decline in abusive head
trauma during the period from 2009 through
2014.° Infants and young children are at particu-
lar risk. Affected infants may have nonspecific
symptoms or signs, such as a brief unexplained
event that has resolved, apnea, altered mental
status, loss of consciousness, limpness, vomiting,
seizure, poor feeding, or swelling of the scalp.
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Table 1. Assessment for Suspected Physical Abuse of a Child.

Were there witnesses to the event?

Can the alleged event account for the injuries?

Was there a delay in seeking medical attention?

Document the overall clinical status of the child.

are obtained.
Perform CT or MRI of the head.

and pancreatic enzymes.
Perform a full skeletal survey.
Perform a funduscopic examination with photographs.

Step 4: Manage any acute medical problem.

in some jurisdictions.

Step 6: Hospitalize the child if needed.

A repeat skeletal survey in 2 weeks
Evaluation for blood dyscrasia

Evaluation for osteogenesis imperfecta

Step 1: Obtain a careful history of the alleged circumstances surrounding the injury.

Who was present with the child when the event occurred?

Is the child’s developmental level consistent with the proposed mechanism of injury?

What was done when the event occurred or the child became symptomatic?

Step 2: Perform a complete examination with the child fully unclothed.

Document the presence of any bruises, burns, or other cutaneous findings.

Document the presence of intraoral lesions by carefully checking each frenulum for injury.
Document the presence of findings such as subconjunctival hemorrhages.

Photograph the findings or request that law enforcement obtain photographs.

Step 3: Initiate a diagnostic workup on the basis of the findings and clinical condition of the child. The acuteness of
the child’s condition and the need for medical intervention may determine the order in which diagnostic studies

Perform CT of the abdomen with contrast enhancement if abdominal injuries are suspected.

Obtain complete blood count, assess basic metabolic profile, perform coagulation studies, and measure hepatic

Step 5: Notify child protective services as mandated in the state. Notification of law enforcement is also mandated

Step 7: Have hospital personnel or a child protective services social worker perform an extensive social evaluation.

Step 8: Consider an additional forensic workup if indicated or requested or refer the case to a pediatrician, team, or
center that specializes in child abuse cases. Additional tests that might be performed include the following:

A radionuclide scan to look for occult or acute fractures

Evaluation of other medical problems as suggested by the differential diagnosis of the findings

In the absence of another reasonable explanation,
these clinical features should prompt consider-
ation of abusive head trauma. In one report, a
third of infants in whom abusive head trauma
was subsequently diagnosed had been seen by a
physician within 3 weeks before their diagnosis
for nonspecific symptoms; at these earlier evalu-
ations, abusive head trauma was not considered
in the differential diagnosis."’ In another study
of shaking in which perpetrators admitted to
shaking a child, more than a quarter of infants

had previously presented with poor weight gain,
ecchymoses, and fractures, conditions that were
also diagnosed without suspicion of inflicted
trauma as the cause.™

The assessment of an infant for suspected
abusive head trauma should include a thorough
evaluation of the skin for bruising, especially the
skin of the face, ear, neck, and torso, and an
evaluation of the oral cavity (e.g., for a torn
frenulum, which might be caused from efforts to
silence a crying infant).”” A funduscopic examina-
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tion should be performed by a pediatric ophthal-
mologist, and when abnormal, photographs should
be obtained to document the presence and extent
of retinal hemorrhages, although retinal hemor-
rhages in the absence of intracranial injury are
uncommon.’** Although the differential diagno-
sis of retinal hemorrhages is extensive, conditions
such as leukemia, meningitis, and hypertension
can be readily diagnosed by medical testing to
distinguish the findings from those associated
with physical abuse. The mechanism of retinal
hemorrhages is related to traction on the retina
by the vitreous as the eye moves back and forth
within the orbit. Retinal hemorrhages are report-
ed in approximately 85% of children with abusive
head trauma. Extensive hemorrhages involve all
layers of the retina, extend to the ora serrata,
and may lead to retinal tears, schisis (abnormal
splitting of the retina), retinal detachment, or
vitreal hemorrhage. Skeletal surveys are also
recommended.”® Among infants with abusive head
trauma, associated rib fractures from forceful
thoracic compression as the infant is held and
shaken or fractures of the metaphyseal areas of
the legs as the legs jerk back and forth during the
shaking episode may also be present.'

Imaging of the brain and skull may show a
range of findings.”” Computed tomography (CT)
is recommended if acute neurologic symptoms or
signs are present; otherwise, magnetic resonance
imaging (MRI) is preferred to avoid the use of
radiation, despite the need for sedation in the
noncomatose child.”” Subdural hemorrhages may
be noted but generally do not account for severe
neurologic sequelae of head trauma (Fig. 2).
Brain parenchyma may show a contusion or shear
injury (i.e., diffuse axonal injury).’® Cerebral
edema may be related to trauma or hypoxemia
caused by apnea from brain-stem dysfunction
(Fig. 3). MRI may reveal extraaxial hemorrhages
of various ages that are indicative of previous in-
juries.” Skull fractures may be noted on the skel-
etal survey or the CT scan. Three-dimensional
reconstruction of the bone windows (i.e., CT
cross sections of the skull) helps to delineate
areas of impact to the skull and differentiates
cranial sutures from fractures.”

Parents may profess no explanation for the
findings of head trauma; they may state that the
baby was fine when placed in the crib, or they
may suggest actions by the infant that are beyond
the infant’s developmental abilities. Some parents

may report a short fall (less than 1.5 m) as the
reason for the child’s severe intracranial injury.
However, short falls are extremely unlikely to
cause severe intracranial trauma; the estimated
likelihood of death from such falls is 0.48 cases
per 1 million children younger than 5 years of
age.” A model that evaluated data from more than
1000 children who were younger than 3 years of
age and had intracranial injury estimated the
probability that the injury was related to abusive
head trauma on the basis of the presence of six
findings: apnea; retinal hemorrhages; rib frac-
tures; long-bone fractures; seizures; and head
bruising, neck bruising, or both.?! The positive
predictive value for abusive head trauma varied
from 4% if none of the factors were present to
97% if all six factors were present. Such data
have been used to develop clinical prediction
rules and to explain the significance of findings
to investigators who do not have a medical back-
ground.”

ABDOMINAL TRAUMA

Isolated inflicted abdominal trauma, although less
common than head trauma across all age groups,
affects older toddlers (median age, 2.6 years)
more often than younger infants and carries a
high risk of death because medical care may be
delayed or symptoms misdiagnosed.?® The most

Figure 2. CT Scan of the Head of a 17-Day-Old Infant
with a History of Fussiness.

A CT scan (sagittal view) of the head of a 17-day-old
infant with a history of fussiness shows the presence
of a skull fracture (thick arrow), cephalohematoma
(thin arrow), and subdural hematoma (arrowhead).
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common injuries include laceration or hematoma
of the liver, splenic injury, hollow viscus injury
or pancreatic injury, and hematoma of the duo-
denum.?%

For proper examination, the child must be
fully undressed. A bruise on the abdomen arouses
concern for trauma; however, such bruises are
uncommon because the force of a blow to the
abdomen is dissipated internally and the skin is
spared.

Because children with abusive head trauma
may have occult abdominal injuries, the levels of
hepatic and pancreatic enzymes should be mea-
sured in cases in which abusive head trauma is
recognized or suspected.* Studies have shown
that 3 to 4% of children who are evaluated for
child abuse for any reason have elevated hepatic
or pancreatic enzymes.**?® Children with gastro-
intestinal symptoms, abdominal pain, or elevated
enzymes should be evaluated by CT with intra-
venous administration of contrast material. Ultra-
sonography, which is sometimes performed when
suspicion of abdominal trauma is low, is consid-
erably less sensitive than CT.”

CUTANEOUS AND INTRAORAL FINDINGS

Bruises are common in young, mobile children
and do not necessarily indicate inflicted injury.”
Medical conditions, such as coagulopathies or
certain genetic disorders, can confer a predispo-
sition to “easy bruisability,” and screening for
these disorders is recommended in a child who
has extensive or atypical bruising. Falls often
cause bruises over bony prominences (shins and
forehead) but are less likely to cause bruising
over areas such as the buttocks, hands, and trunk.
In addition, a pediatric adage, “Those who don’t
cruise rarely bruise,””® denotes that bruises, espe-
cially on the face or trunk, rarely occur in non-
ambulatory infants. Bruises in these areas, as
well as intraoral lesions, should be considered to
be sentinel findings that arouse suspicion of in-
flicted injury.®*° Patterned bruises that mirror
an offending object, such as a handprint or belt
mark, are also indicative of an inflicted injury.
Inflicted burns from immersion in scalding water
or from contact with a heated object may also
have a characteristic appearance. Previously,
bruises were assigned an estimated age on the
basis of their color, but subsequent studies have
shown substantial variation in the color and
duration of bruises on the basis of the patient’s

age, the location of the bruise, and the extent or
depth of the bruise.

FRACTURES
Skeletal surveys are recommended in all children
2 years of age or younger in whom abuse is sus-
pected (whether a fracture is specifically sus-
pected or not) as well as in children older than
2 years of age in whom a fracture is present and
an inflicted injury is suspected.’® Recommended
radiographs include those of the skull (antero-
posterior and lateral views); cervical, thoracic,
and lumbosacral spine (anteroposterior and lat-
eral views); ribs, including oblique views; bony
pelvis (anteroposterior view); humeri (anteropos-
terior view), femora (anteroposterior view), and
tibias (anteroposterior view); and hands (frontal
view) and feet (anteroposterior view). In contrast
to fractures in normally active children, fractures
in children who are nonambulatory arouse con-
cern for inflicted trauma, as do certain types
of fractures.?*® Both rib fractures and classic
metaphyseal lesions (“chip” fractures or “bucket
handle” fractures) are considered to be fairly
specific for inflicted injuries.!®3%3%

Fractures that result from squeezing an infant
usually involve the lateral or posterior aspects of

Figure 3. CT Scan of the Head of a 30-Month-Old Toddler
with a History of Falling from a Standing Position.

Cerebral edema and loss of gray-white differentiation can
be seen in this CT scan of the head of a 30-month-old
toddler with a history of falling to the floor from a
standing position.
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the ribs. Acute rib fractures are difficult to see
on a standard radiograph but may be seen on a
nuclear bone scan. Alternatively, when initial
images of the ribs appear to be negative, a repeat
radiograph 2 weeks later may reveal callus for-
mation. During this 2-week period, depending
on other findings, the child may be hospitalized
or may reside in the family home or in a foster
home. A repeat skeletal survey is a routine part
of the forensic evaluation, even in cases in which
a newly detected fracture does not require thera-
peutic intervention.>

The precise mechanism by which metaphyseal
lesions occur is unclear but may involve a sudden
tug or a shear to the ends of the bones.>* Callus
formation is not apparent, and lesions appear as
metaphyseal chips or irregularities. Radiographic
findings may resemble metaphyseal changes re-
lated to rickets or congenital infections; distin-
guishing among these conditions, with the use
of other clinical and laboratory findings, is impor-
tant to avoid misdiagnosis. Fractures involving
the scapula, sternum, or acromion are less com-
mon but are of similar concern. Although frac-
tures such as spiral fractures of long bones may
be inflicted, such fractures also occur acciden-
tally (e.g., “toddler’s fracture” [distal spiral tibial
fracture]). In the assessment of any fracture, the
proposed mechanism of injury and the develop-
mental ability of the child need to be considered.

Other causes of fracture warrant consider-
ation. Although there is evidence that adults
with vitamin D insufficiency are at increased
risk for fractures, studies have not shown a
higher prevalence of fractures among children
with low vitamin D levels in the absence of bio-
chemical or radiologic evidence of rickets.?’
Administration of vitamin D is now recommend-
ed for all breast-fed infants to prevent rickets.

Osteogenesis imperfecta should be considered
in any child who has multiple fractures.* At
least eight different types of osteogenesis imper-
fecta have been identified. Physical findings (e.g.,
blue sclerae or wormian bones [i.e., irregular
bone that is present within cranial sutures]) or a
family history of the condition may suggest the
diagnosis. When genetic testing for COL1A1 and
COL1A2 (mutations of which are associated with
osteogenesis imperfecta) uncovers a variant of
unknown significance, the relationship to osteo-
genesis imperfecta is uncertain; therefore, genetic

consultation is warranted when further evalua-
tion of the fractures is considered. Courts may
request diagnostic studies, even in cases in
which medical indications are absent.

AREAS OF UNCERTAINTY

Uncertainties continue to surround determina-
tions of abusive head trauma. Whether an im-
pact is needed to cause brain injury or whether
the injury can be sustained with shaking alone
is still under debate. According to the American
Academy of Pediatrics, “The act of shaking lead-
ing to shaken baby syndrome is so violent that
individuals observing it would recognize it as
dangerous and likely to kill a child.” The “uni-
fied hypothesis” proposes that brain injury is
precipitated by hypoxemia, not trauma.* Other
researchers suggest that brain injury is a result
of hypoxic injury owing to neural root ganglion
damage from neck motion, brain-stem dysfunc-
tion, and resultant apnea.”® Such injury cannot
be seen on imaging studies but may be identi-
fied with careful dissection at autopsy. Neither
mechanism accounts for subdural hemorrhage,
which is not found in the absence of trauma.*
For the purpose of prosecution, the time that
an injury was sustained may be critical to iden-
tifying a perpetrator. However, the time between
the infliction of an injury and the onset of
clinical symptoms or presentation is variable or
uncertain.!’® In a review of cases of shaking,
14% of perpetrators stated that the child became
symptomatic immediately; 21% noted that the
child became exhausted immediately, fell asleep,
and then showed symptoms 1.5 to 3 hours later;
and the remainder were uncertain about the time
between the shaking and symptoms, although in
all cases the duration was less than 24 hours.!
In general, symptoms or signs of massive intra-
cranial injury, including hemorrhage and cerebral
edema, occur in close temporal proximity to the
injurious event. A lucid interval — a symptom-
free period between injury to the head and sub-
sequent deterioration — may occur with epidural
hematoma (and, in rare cases, with subdural
hematoma). The duration of the interval is unpre-
dictable and varies depending on the source of
the bleeding (arterial or venous) and on the de-
gree of vascular disruption. Although these un-
certainties are well recognized in the medical
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community, data limitations and inconsistencies
pose particular challenges in the courtroom,
where greater certainty is expected.

Current efforts to prevent child abuse include
home visitation by trained clinical personnel and
parenting education, which targets potential pre-
cipitating events, such as infant crying (by recom-
mending that parents “carry, comfort, walk and
talk” or walk away) and toilet-training accidents
(by informing parents of realistic developmental
expectations).*** A 10-year study compared the
rate of hospitalization for abusive head trauma
among infants 23 months of age or younger in
a state that had a universal education program
for parents of newborn infants regarding violent
infant shaking with the rate in five other states
without such a program. The results of the study
showed that the program was not associated
with a reduction in the rate of hospitalization.*

GUIDELINES

Recommendations regarding the evaluation and
management of suspected victims of physical
child abuse have been published by the Ameri-
can Academy of Pediatrics.”?>1>% A list of recom-
mended steps to be taken to assess suspected
cases of physical child abuse is provided in Table 1.
The reporting of cases is not mandated in all

countries. The International Society for the Pre-
vention of Child Abuse and Neglect provides a
forum for discussion and exchange of best prac-
tices among nations. U.S. guidelines are recog-
nized internationally as a framework for child
abuse evaluations. Recommendations in the cur-
rent article are concordant with U.S. guidelines.

CONCLUSIONS AND
RECOMMENDATIONS

The infant in the vignette has had a brief unex-
plained event that has resolved and has facial
bruising, findings that arouse concern for abu-
sive head trauma. The infant should be admitted
to the hospital and evaluated with an MRI, a fun-
duscopic examination for retinal hemorrhages, a
skeletal survey, measurement of hepatic and pan-
creatic enzymes, and coagulation studies. A more
extensive social history should be obtained, includ-
ing who was caring for the infant during the
mother’s absence and whether other children are
in the home (Table 1). The case must be reported
to child protective services. All findings should be
recorded meticulously in the infant’s medical

record.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.
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