
Approximately one in five of children evaluated in EDs are
physically abused, emergency physicians (EPs) have a responsi-
bility to consider abuse in the
differential of every injured
child.1 Although there is
increasing awareness of the
emergency physician’s role in
diagnosing abuse, EPs still fre-
quently fail to diagnose child
abuse.1 This article reviews the
identification, evaluation, and
management of a child with
possible physical abuse.

— The Editor

Background
Physical abuse has a number

of manifestations, but is most simply defined as injury inflicted
upon a child by a caregiver. Recognition of child abuse in the ED
setting is essential for both timely treatment and prevention of fur-
ther injury. The identification of child abuse requires the comple-
tion of a thorough medical and social evaluation, and should be
followed by the notification of child protective services. This sen-

sitive and often difficult situation presents a unique challenge for
both the medical staff and the family, and requires thoughtful

coordination and cooperation
between such disciplines as ED
personnel, social workers, child
protective services, law enforce-
ment personnel, and inpatient
hospital staff if the child’s
injury is serious enough to war-
rant hospital admission. 

This article focuses on the
evaluation of physically injured
children presenting to the ED.
As physically abused children
commonly present to an ED for
treatment, emergency medicine
practitioners must keep in mind

that child abuse may be the cause of a child’s injury, as this may be
the first significant intervention to prevent future abusive injury.

Epidemiology
The incidence of child abuse in the United States is difficult to

ascertain, but is believed to be much higher than reported. The
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National Incidence Study of Child Abuse and Neglect reports that
maltreated children who are investigated by Child Protective Ser-
vices (CPS) represent only the “tip of the iceberg.”2 Moreover, the
findings of the Third National Incidence Study of Child Abuse and
Neglect (NIS-3) show a substantial and significant increase in the
incidence of children who are seriously harmed; this most likely
indicates an increase in abuse incidence, rather than an increase in
reporting.2 Child abuse is believed to be the etiology of 10% of
traumatic injuries in children younger than age 5.3 Approximately
1,300 children die each year from inflicted injuries,4,5 and nearly
45% of those children are younger than age 1.4,6

In 2003, approximately 2.9 million reports involving 5.5 mil-
lion children were made to CPS agencies; of these, nearly 70%
were categorized as needing further investigation. Approximate-
ly 906,000 children were found to have been abused and/or neg-
lected; of these substantiated cases, 25% were due to physical
abuse. The range of injuries, in order of frequency of occurrence,
includes: bruises, skeletal fractures, CNS (central nervous sys-
tem) injuries, and burns.2,7,8

Although reports of suspected abuse are more often made for
minority than Caucasian children, race has not been found to be a
significant factor in substantiated cases of abuse, according to
NIS-2 and NIS-3 data.4,6,9 Though gender also is not a statistically
significant factor in substantiated cases of abuse, boys are more
likely to incur serious injury.2,7,10 Finally, according to data from

the U.S. Department of Health and Human Services/Administra-
tion for Children and Families in 2004, the most largely victim-
ized age group is the youngest (less than one year of age), with a
rate of 16.1 per 1,000 children of the same age group. The oldest
children (ages 12-17 years) were victimized the least frequently.11

The abused child is at risk for both the physical and the psycho-
logical ramifications that occur as a result of battering. It is esti-
mated that 37% of children with maltreatment injuries develop
future special medical needs, most often from disability, and par-
ticularly from CNS injuries and thermal burns. The incidence of
disability caused by maltreatment is estimated to be 147 per
100,000 children.7,10 Moreover, according to U.S. Department of
Health and Human Service data, an estimated 1,490 children died
in 2004 (compared to 1,460 children for 2003) from abuse or neg-
lect, at a rate of 2.03 deaths per 100,000 children. Of note, 81% of
those fatalities were in abused children younger than age 4. Most
fatalities were associated with neglect only (35.5%), combinations
of maltreatment types (30.2%), and physical abuse only (28.3%).11

Another unfortunate consequence of battering is the risk that
the child himself will grow up to become a perpetrator, acting
out the violence that was once modeled to him as normal prob-
lem-solving behavior.4 These children also have a higher risk of
developing psychological sequelae, including psychiatric disor-
ders such as depression, suicidal impulses, and post-traumatic
stress disorder (PTSD), as well as risk-taking behaviors such as
an earlier age of sexual activity and drug and alcohol use.12

Scope of the Problem: Risks for Abuse
Factors that put children at risk for physical abuse involve

characteristics of both the perpetrator and the child, and are com-
monly exacerbated by social and environmental stressors. Perpe-
trators, in order of frequency, are most commonly fathers, moth-
ers’ boyfriends, babysitters (female), and mothers.13,14 Risk factors
for the perpetrator include history of abuse or neglect as a child,
lower level of education, young or single parenthood, and unsta-
ble social situations.15 A caretaker also may be more likely to per-
petrate abuse when suffering from a psychiatric illness, when
under the influence of drugs or alcohol, or when inexperienced
and unprepared for parenthood.4,12,15,16

Innate factors that put the child at greater risk for abuse
include young age (67% of abused children are younger than age
1 and 80% are younger than age 3), chronic illness and disabili-
ty, speech and language disorders, learning disability, conduct
disorders (e.g., hyperactivity), and psychological illness.4,17

Although the data is controversial, it is thought that medical con-
ditions such as prematurity and low birth weight also may be
independent risk factors of abuse later in life.18,19 Most impor-
tantly, history of previous abuse is a significant risk factor for
future abuse: a physically abused child has a 50% chance of suf-
fering further abuse and a 10% chance of dying from the abuse if
it is not identified and addressed at initial presentation.1 More-
over, children whose mothers suffer from domestic violence are
up to 15 times more likely to be abused. It has been recommend-
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ed that screening and intervening on behalf of the battered parent
may be an effective abuse prevention strategy.20

Environmental and social factors increasing a child’s risk for
abuse include acute and chronic problems such as financial and fam-
ily stressors (divorce, separation, conflict), and illness, all of which
may contribute to instability and violence in the home. Cultural fac-
tors may include social isolation, lack of support from extended
family, and the modeling and acceptance of violence (such as corpo-
ral punishment and domestic violence) for resolving conflict.4,16

Types and Biomechanics of Injuries to Children 
Abusive injuries to infants and children have unique characteris-

tics due to their immature physiology, especially in regard to skele-
tal and CNS injuries. Orofacial injuries also are unique to children,
and are found in up to one-half of physically abused children.21

Bruises. Bruises, including ecchymoses and hematomas, are
the most commonly found injury in abusive trauma, accounting
for up to 40% of injuries. Bruises result from direct blunt force to
the skin with resulting rupture of capillaries and leakage of blood
into subcutaneous tissue.21,22 Discoloration may appear immediate-
ly, or hours to days after the injury is sustained.23 As bruises heal,
the discoloration progresses through a spectrum of colors as the
hemoglobin from extravasated blood is broken down and
removed.10 Healing of bruises may take place over a period of one
to three weeks, depending on factors that include the victim’s gen-
der, health, medications (aspirin, ibuprofen) he/she may be taking,
skin tone, and environmental factors. All of these factors may alter
the resolution and color sequence of bruises.24

Although bruises at different stages of healing have been
described as characteristic of abusive injury, caution should be
used when attempting to determine the age of bruises because of
a wide variability in bruise development.25 A study by Langlois
and Gresham attempted the first analysis of how accurately the
age of a bruise can be determined by its color. Data on color and
age were analyzed in 89 photographs of bruises. Their conclu-
sions suggested that the development of bruise color is variable,
and although yellow is the color of a relatively older bruise, it
may appear much earlier than forensic charts suggest.26

Although the age of a bruise cannot be accurately determined
from its color, observations of location, size, and color of the
bruise can be valuable in distinguishing between accidental and
abusive trauma.26 For this reason, it is reasonable for a clinician to
estimate a range of time (days to weeks) rather than specific dates
as to when the bruise developed, based on its clinical appearance.
The estimated age of a bruise should never be the sole criteria for
a diagnosis of child abuse, but rather one component of a compre-
hensive assessment.25

Distinguishing between normal traumatic bruises and inflicted
injuries in children can be difficult, but recognizable geometric
shapes from implements such as belts, whips, and hand prints are
suggestive of abusive injury. Additionally, location and approxi-
mate ages of bruises can be helpful for determining if a bruise is
due to abuse.27 Accidental bruising most often occurs over bony

prominences, such as joints (elbows, knees) or pretibial areas, the
forehead, and the front of the body, as a result of play. Bruising to
the back of the body, inner arms or thighs, trunk, genitalia, cheeks,
ears, eyes, and neck are more suggestive of abusive injury.28,29

Other important clues include bruising in non-ambulatory babies,
which is rare in accidental trauma;30 multiple and/or clustered
bruises, especially bruises of different ages and healing stages, sug-
gesting repeated inflicted injuries; and specific bruising patterns, as
mentioned above.10,29 (See Figure 1.)31

Finally, the features of bruises that are suggestive of child
abuse are listed in Table 1 (also see Figure 2). 

Bite Marks. Bite marks are associated with both physical and
sexual abuse of children.4,33,34 They can appear as circular, ellipti-
cal, or arrow-shaped bruises or abrasions, and may have central
clearing or associated erythema and petechiae. Human and ani-
mal bite marks may be differentiated by their depth. Human bites
tend to be more superficial, do not always leave individual tooth
marks, and lack the tearing and deep punctures of animal bites.34

Further, adult bite marks may be differentiated from a child’s by
the adult tooth pattern and by the maxillary intercanine distance,
which is at least 2.5-3 cm.33,34

Forensic investigation is an important component of bite eval-
uation and documentation. The pattern, size, contour, and color
of a bite mark can be evaluated by a forensic odontologist or
pathologist.33 If neither is available, a physician or dentist who is
knowledgeable in patterns of child abuse injuries can evaluate
the bite-mark characteristics. Contact information for American
Board of Forensic Odontology (ABFO)-certified odontologists
can be obtained from the ABFO web site (www.abfo.org).

Blood-group substances and DNA (in epithelial cells) can be
secreted in saliva and may be deposited in bites. Even if they have
dried, they can be collected using the double-swab technique: 1) a
sterile cotton swab moistened with distilled water is used to wipe
the area in question, dried, and then placed in a specimen tube;
2) a second sterile, dry cotton swab is used to clean the same
area and then is dried and placed in a specimen tube; 3) a third
control sample should be obtained from an uninvolved area of
the child’s skin. (All samples should be sent to a certified foren-
sic laboratory for prompt analysis. The chain of custody must be
maintained on all samples submitted for forensic analysis.)33

Thorough documentation in the patient’s chart of any suspi-
cious bruise or bite mark is recommended, using written descrip-
tion, drawings, and careful photographic evidence with a color
wheel and ruler.26

Fractures. Fractures are the second most common injury in
physical abuse, and are detected in 30-55% of abused children.29

Understanding the unique physiology of children's’ skeletal
injuries is crucial for correctly differentiating between injuries
incurred from normal childhood trauma and those from abusive
trauma in the emergency setting. A child’s skeleton is more
porous than an adult’s, and is more prone to compression injuries
that may result in green stick and buckle fractures. Further, the
periosteum is more prone to separation from the bone in a child,
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but their joint capsules and ligaments are known to be more
resistant to mechanical stressors than bone and cartilage, making
joint dislocations less likely in childhood. Finally, bone healing is
more rapid in children than in adults.10,36

Dating of skeletal injuries is particularly important in the eval-
uation of physical abuse, as it may assist investigators in deter-
mining who had access to the child during the period of time that
the skeletal injury is thought to have occurred. In general, frac-
tures of long bones and ribs heal in relatively predictable stages:
initial healing, soft callus, hard callus, and remodeling.10,37 The
timing of metaphyseal fractures are more difficult because of the
relative lack of disruption in the periosteum at the time of the
fracture. Skull fractures heal differently than long bones and ribs,
making the dating of injury more difficult.10

Skeletal injuries that are suspicious for abusive trauma
include diaphyseal fractures, which are the most commonly
found fracture in abuse and often result from transverse forces
applied perpendicularly to the long axis of the bone. Spiral frac-
tures from rotational forces, such as twisting or torquing of the
extremity, especially in non-ambulatory children, are considered
by some to be pathognomonic for abuse.38

Metaphyseal fractures also are considered to be pathogno-
monic for abuse. These fractures are subtle findings on radi-
ographs, often appearing as chips or fractures from the corner of
the bone known as “bucket handle” fractures.31 (See Figure 3.)
This type of fracture is particularly important to detect, as injury
to the metaphyseal plate may limit future growth if not adequate-
ly treated in a timely manner.10

Rib fractures account for up to 27% of all abusive skeletal
injuries,37 and occur as a result of direct blows as well as anteropos-
terior compression of the chest wall, such as occurs when holding
and shaking an infant. Most abusive rib fractures are posterior and
adjacent to the vertebral body, due to the levering of forces over the
transverse process of the vertebra.31 (See Figure 4.) To diagnose
these difficult-to-detect fractures, skeletal surveys are recommend-
ed in children younger than age 2 in whom abuse is suspected.
Radionuclide bone scanning also may detect new rib fractures and
subtle long bone fractures not evident on skeletal survey.1

A study reviewing the value of repeat skeletal surveys within two
weeks after the original survey found that follow-up skeletal survey
identified additional fractures or clarified tentative findings in chil-
dren who were suspected victims of physical abuse.39 The authors
concluded that follow-up skeletal survey should be completed on all
patients who have an initial skeletal survey performed for suspected
physical child abuse and for whom child abuse is still a concern.39

Central Nervous System (CNS) Trauma
The EP frequently is required to differentiate between acciden-

tal household falls and abusive trauma as the cause of head
injuries in infants and toddlers. The ability to distinguish between
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• The pattern of injuries corresponds to infliction with an 
instrument not found in play or the child’s usual environ-
ment, such as linear bruises and petechiae on the buttocks 
and gluteal cleft from hitting, spanking, whipping, or 
paddling

• Linear bruising and/or petechiae of the pinna from blows to 
the skull (“tin ear syndrome” is comprised of bruising to the 
pinna, retinal bleeding, and acute traumatic head injury)

• Hand prints or oval marks on cheeks, neck, upper arms, 
trunk, or buttocks (from being punched, slapped, grabbed, 
shaken, or pinched)

• Belt marks (leaving long bands of ecchymosis, sometimes 
with a u-shape at the end or puncture wounds from the 
buckle)

• Loop marks from beating with a rope, wire, or electric cord 
(electric cords leave a characteristic “double-track mark”)

• Ligature marks or circumferential rope burns seen on the 
neck, wrists, ankles, and gag marks at corners of the mouth

• Any history of injury inconsistent with the child’s level of 
development or with the category and extent of the injury 
should raise suspicion for abusive trauma

Table 1. Features of Bruises Suggestive of
Abuse10,32

Figure 2. Loop Marks

Photo used with permission from David M. Pressel, MD, PhD.

Figure 1. Abusive Bruises

Photo used with permission from David M. Pressel, MD, PhD.



accidental and abusive head injury may be facilitated by an
understanding of the biomechanics of brain injury. Sudden angu-
lar deceleration of the brain and cerebral vessels from violent
shaking results in diffuse brain injury, such as subdural hemor-
rhage, which is a hallmark of inflicted craniocerebral trauma
(“shaken-baby syndrome”), rather than specific contact forces
applied to the surface of the head as seen in household falls.13

Thus, this angular type of force is distinctly different from those
generated in most cases of accidental traumas (household falls) in
young children, which involve low-velocity translational forces.13

CNS trauma is found in up to one-quarter of abused children,
and represents the most serious form of injury in physical abuse.13

Abusive head trauma is the most common cause of morbidity
and mortality in physically abused infants;13,14 in one case review
study, 23% of children with inflicted head injuries died.14 Fur-
ther, the authors found that male victims accounted for 60.3% of
the cases, although death rates for boys and girls did not vary
significantly. They also noted that male caretakers and babysit-
ters are at greater risk for abusing infants.14

Sequelae include intracranial hemorrhage (subdural and sub-
arachnoid), as well as contusions and intraparenchymal bleeding.
The classic presentation linking CNS trauma and abuse is “shaken
baby syndrome,” with the findings of subdural hematoma; retinal
hemorrhages (65-95% of cases); and skeletal fractures, including
metaphyseal and posterior rib fractures (30-70% of cases) caused
when the child is shaken violently back and forth.10 Significantly,
although retinal hemorrhages, rib fractures, and subdural hemor-
rhage are the classic triad associated with head trauma, it should be

emphasized that a minority of patients will have all three findings.
Clinical deterioration from an acute SDH (subdural hematoma)
occurs at the time of injury without a “lucid interval;” rapid onset
of morbidity and mortality from traumatic brain injury in a previ-
ously healthy child is particularly suspicious for abusive trauma.10

Abusive head injury may present with a wide spectrum of
symptoms and clinical findings.33 Subsequently, children who
have more mild forms of head trauma and less ominous symp-
toms, such as vomiting and irritability, may not be recognized
until they present later with a more serious injury.40 Thus, the
EP’s timely diagnosis of abusive head trauma is essential for pre-
venting a child from suffering further brain injury and potentially
more severe sequelae.

An analysis of missed cases of abusive head trauma (AHT)
found that 31.2% of abused children with head injuries had been
seen by health care personnel who had not recognized the AHT.41

The average time to correct diagnosis for these children was
seven days, and AHT was more likely to be unrecognized in very
young Caucasian children from intact families and in patients
without respiratory distress or seizures. Significantly, 27.8% were
re-injured after the missed diagnosis, and 40.7% suffered medical
complications related to the missed diagnosis. The misinterpreta-
tion of radiological studies contributed to delay in diagnosis of
seven of the children with unrecognized AHT, and five deaths in
the group with unrecognized AHT might have been prevented by
earlier recognition of abuse.41

Consequently, it is crucial for EP’s to consider inflicted head
trauma in infants and young children presenting with nonspecific
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Figure 3. Metaphyseal Bucket Handle 
Fracture

Photo used with permission from David M. Pressel, MD, PhD.

Figure 4. Posterior Rib Fractures

Photo used with permission from David M. Pressel, MD, PhD.



clinical signs. Unfortunately, the diagnosis of AHT often is chal-
lenging for even the experienced EP, as caregivers rarely provide a
history of trauma. A study by Duhaime and Partington, however,
found that children presented with nonspecific symptoms such as
vomiting or fussiness in 57% (8 of 14) of the patients with AHT.
This suggests that these infants may be the ones at highest risk for
missed head trauma.42 Thus, infants presenting with the symptoms
noted above deserve careful consideration and screening for AHT.

In addition to the above symptoms, retinal hemorrhage may
serve as a useful sign in the EP’s diagnosis of AHT. Retinal hemor-
rhages are seen more often in abusive head injury, are often bilateral,
and tend to involve the pre-retinal layer.43 Further, they found that
children with abusive head injury were more likely to have retinal
hemorrhages covering the macula and extending to the periphery of
the retina.31 (See Figure 5.) Importantly, unilateral retinal hemor-
rhages can be seen in children with accidental head injury. Other
distinguishing characteristics between abusive and accidental head
injury in children younger than age 2 included abnormal mental sta-
tus and seizures in abused children, whereas scalp hematomas were
more likely in children with accidental head injury.43

Burns
Burns, which are found in up to 20% of abused children, are fre-

quently due to intentional injury.22 Burns result from contact
between heat energy and skin, and may be caused by liquids (caus-
ing scalding burns), chemicals, contact with hot and/or dry objects,
flames (causing flash burns), and electricity. Three concentric zones
of tissue damage are found in relation to the heat source: coagula-
tion, stasis, and hyperemia. Skin closest to the heat source under-
goes coagulation necrosis as cellular proteins denature; thus, no
regeneration is possible. Stasis results from less direct heat expo-
sure, and cellular repair may be possible. Hyperemia is the least
direct injury to skin cells and has the greatest potential for repair.10,44

Specific burn patterns should raise suspicion for intentional
injury, and include brands or contact burns (grill or grid patterns),
cigarette burns, immersion burns31 (see Figure 6), microwave
oven burns, and stun gun burns. Patterned or brand burns from an
intentional burn such as a cigarette, radiator grill, or curling iron
are uniformly deep and leave clear outlines of the identifiable
object on the skin, whereas unintentional burns are shallow and
leave only part of an outline due to the withdrawal reflex.4 Ciga-
rette burns, for instance, usually leave a complete circle, 8-10 mm
in diameter, often with an indurated margin, and are often pain-
less due to deep, third-degree tissue damage. Microwave burns
(inflicted by holding a child’s extremity in an operating
microwave) and stun gun burns cause partial to full-thickness
burns; abusive stun-gun injuries are usually multiple, paired burns
0.5 cm in diameter and 5 cm apart.4,45,46

In detail, burn patterns consistent with abuse include: forced
immersion burns resulting in sharp stocking and glove demarca-
tions with sparing of flexural/protected areas such as antecubital
or popliteal fossae and no splash or drip marks; bilateral or
“mirror image” burns or localized burns to genitals, buttocks,

and perineum not consistent with accidental trauma; and
splash/spill-type burns attributed to a developmental level not
consistent with the child’s age and abilities. Finally, evidence of
delay in seeking care for burns and presence of other injuries
are highly suspicious, especially when the physical examination
is incompatible with the provided history.10,47

Burns have been attributed to abuse, neglect, or unstable fam-
ily factors in up to 8% of cases in pediatric burn units.4,48 Social
factors that are associated with abusive burns include children
living in single-parent families and previous history of investiga-
tion for abuse. Medical factors associated with inflicted burns
include increased requirement for intensive care or skin grafting
and, most importantly, higher mortality rates. In two studies,
mortality from abusive burns was found to be 5.6-9.6%, as
opposed to 2.6-6% from accidental burns.4,48

Facial Injuries
Oral and facial injuries are common in physical abuse, occur-

ring in up to one-half of cases.21 Toddlers do frequently have
injuries to the lips or maxillary frenulum due to accidental falls.
However, these injuries in non-ambulatory children are suspi-
cious for forced feeding, such as when the bottle is jammed
forcefully into the child’s mouth. Lip or frenulum injuries may
also result from facial blows.21

Other types of orofacial injuries observed in abuse may include:
facial fractures (e.g., the mandible or other facial bones); deviated
septum or other damage to the nose from direct trauma or foreign
body penetration; periorbital injuries (“raccoon eyes”); post-auricu-
lar ecchymosis or blood behind the tympanic membranes; bruising
and scarring at the angles of the mouth, such as would occur when
a gag is placed around the mouth; traumatic alopecia from hair
pulling (patchy areas of missing hair without the scaling and
inflammation seen in tinea capitis, occasionally associated with
scalp bruising or subgaleal hematoma); and burns from forced
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ingestion of scalding liquids or caustic materials, or dental fractures
and tooth discoloration from repeated direct trauma.4,33,49-51

Forced Ingestion and Starvation
Forced ingestion may involve intentional poisoning of children

with massive amounts of water, salt, pepper, or various drugs and
overlaps with Munchausen syndrome by proxy.4,52,53 Although not
as commonly described,54 the sequelae can be particularly grave.
Excessive water ingestion may be used as a form of punishment,
and presents with hyponatremic seizures, vomiting, coma, and/or
death.53 Signs of physical abuse also are often present and should
be thoroughly assessed. Salt poisoning also overlaps with Mun-
chausen syndrome by proxy and often presents as recurrent unex-
plained hypernatremia, with serum sodium levels greater than
200, in the first 6 months of life.55 In this instance, urine sodium
and chloride also may be elevated, and renal and endocrinological
evaluations are normal.4 Finally, starvation is a less common form
of child abuse, but may have higher mortality rates; one case
series reported up to 50% mortality.56 Age appears to be a signifi-
cant risk factor for death: the median age at which children suffer
fatalities is 8 months, whereas children ages 8 or older usually
survive their injuries. These children also may be at significantly
greater risk for fatality from starvation due to their isolation from
relatives and medical and school personnel.56

Evaluation for Abuse: History 
The evaluation of the injured child requires a complete histo-

ry of the circumstances and events leading up to the injury. Doc-
umentation should be meticulous and legible, as the EP might be
called to court years from the actual examination.10 Essential
questions are similar to the usual information gathered in histo-
ry-taking but require more specific data. (See Table 2.) Assess-
ment of the developmental level of the child also is required in
the determination of whether the story is compatible with the
child’s developmental abilities (for instance, a 2-month-old gen-
erally will not roll off the table and hit his head).

Classic red flags in the history for abusive trauma are listed in
Table 3. 

Clinical Evaluation: Physical Exam 
Children with abusive injuries present with a wide spectrum of

severity, from a child who is apneic and unresponsive due to abu-
sive head trauma, to the child who is otherwise well appearing but
who has multiple old fractures. For the child with acute severe
trauma, the usual trauma evaluation should proceed, beginning
with an assessment of the child’s airway, breathing, and circula-
tion. The physical examination should be comprehensive, looking
for contemporaneous as well as prior injuries. Other physical
signs consistent with physical abuse include multiple injuries and
types of injuries, as well as injuries at different stages of healing,
presence of pathognomonic injuries such as those seen in abusive
head trauma (SDH, posterior rib fractures, and retinal hemorrhag-
es), or patterned injuries such as cigarette burns or loop marks
(see Table 3).10 Finally, evidence of malnourishment (weight less
than third percentile) and neglect such as caries, poor hygiene,
and lack of adequate clothing; and poor (harsh or aloof) interac-
tion between caregiver and child are important clues for abuse. 

Differential Diagnosis
The diagnosis of accidental versus abusive injuries is crucial for

the child’s proper medical and social management, and may be
confounded by the presence of underlying medical conditions.
Whereas the past medical history often will elucidate previously
diagnosed conditions, the exploration of the differential diagnosis
for physical abuse should be undertaken in those cases that are
unclear or suggest an alternative etiology of injury. The workup
should include laboratory data as is appropriate based on the child’s
presentation.10 (See Table 4.) Often, the workup and consults will
be completed once the child is admitted. Clinicians should always
consider reasonable, alternative medical diagnoses before conclud-
ing that the child’s injury is most likely from abuse. 

Differential diagnoses for bruises are many, and most com-
monly include Mongolian or slate-gray spots. These are collec-
tions of melanocytes causing bluish discoloration in patches over
the sacrum, back, and extremities present at birth in up to 80% of
African-American children as well as in high percentages of His-
panic and Asian children.57 Hemangiomas also are frequently
found in infants, may be reddish to bluish in color, and may have
deep as well as superficial components. They tend to be present
at birth, evolve relatively rapidly over the first year of life, and
then spontaneously regress. Several presentations that may be
confused with abusive bruises as well, include: eczema, phy-
tophotodermatitis (reddened areas and erosions from sun expo-
sure), erythema multiforme (variable erythematous lesions from
drug or sensitivity reactions), idiopathic thrombocytopenic pur-
pura (ITP) and other bruising or petechiae from coagulopathy or
malignancy, unusual genetic syndromes such as Ehlers-Danlos
syndrome (loss of normal skin elasticity) or OI type I (discussed
below in the skeletal injury differential), and folk healing prac-
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tices such as cupping (using a heated, usually glass, cup to apply
vacuum suction to one’s back), coining (applying heated coins to
a child’s skin, see Figure 7),58 or moxibustion (application of
incense to skin believed to have healing power).10

Cigarette burns may be confused with nummular impetigo, phy-
tophotodermatitis, or dermatitis herpetiformis (often associated
with autoimmune diseases and characterized by blistering). Finally,
as noted above, folk remedies such as cupping, coining, or moxi-
bustion also may cause burns that are suspicious for abusive trau-
ma, but represent an attempt to treat an illness rather than an intent
to harm.10 An accurate history taken with the aid of a medical inter-
preter, when necessary, is essential in discernment of the latter case. 

For skeletal fractures, the differential diagnosis includes nor-
mal variants of bone structures (which may appear suspicious on
radiographs), congenital syphilis (causing periosteal elevation on
radiograph), Vitamin D-dependent rickets, and osteogenesis
imperfecta (OI).10

With respect to OI, there are four types, of which Type IV is
the most easily confused with abuse. Features include easy bruis-
ing, short stature, abnormal dentition (dentinogenesis imperfecta)
bluish sclera (Types I and II) and varying degrees of osteopenia.10

Abusive injury can be distinguished from OI Types I and II due to
their characteristic blue sclerae.59 Differentiation between abuse
and OI types III and IV may be more difficult. Although rare,
type III has normal sclerae but severely fragile bones with fre-
quent fractures and progressive deformity of long bones. Howev-
er, radiographs of children with mild cases of OI will demonstrate
wormian bones in the skull and osteoporosis characteristics. Dis-
tinguishing abusive injury from OI Type IV may be more chal-
lenging, as the clinical characteristics may be less severe. It often
can be identified with careful family history and evaluation for
the radiographic findings of OI, such as the presence of wormian
bones, osteoporosis, bony deformity, and demineralization.38,59

The differential for CNS injuries includes infections such as
meningitis or encephalitis, febrile or idiopathic seizures, and
ingestions.10 Specifically, the evaluation for shaken baby syn-
drome includes the differential diagnosis for SDH and retinal
hemorrhages, such as accidental trauma, coagulation disorders,
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Classic red flags for abusive trauma in the history
include:
❐ Changing details with the caretaker’s repetition of the story 
❐ Details inconsistent with findings on physical exam:

❐ Findings of additional injuries or more severe injuries 
than described 

❐ Injuries described as self-inflicted or inflicted by 
another child 

❐ Injuries not compatible with developmental stage of the 
child

❐ Significant lapse in seeking care for injuries
❐ Seeking care at different health care facilities with each 

presentation10

Classic red flags for abusive trauma on physical exam 
include:
❐ Multiple injuries and multiple types of injuries at different 

stages of healing
❐ Multiplanar or unusual locations of injuries (neck, perineal 

area, upper arms)
❐ Poor hygiene or poor caretaker-child interaction
❐ Pathognomonic injuries: SDH, posterior rib fractures, spiral 

fractures (non- ambulatory children), metaphyseal fracture 
(bucket handle), scapular and spinous process fractures, 
sternal fractures61

❐ Patterned injuries: hand imprint, cigarette burns, grill 
marks, or loop marks

Table 3. Red Flags for Abuse

The medical record may be admitted as evidence in
court.
• Accurate, detailed, legible records are essential (consider 

dictation).10

THE RECORD SHOULD INCLUDE:

❐ Date and time of injury 
❐ When first noted
❐ Where the injury occurred 
❐ Who was there and witnessed the injury
❐ What led up to the injury
❐ How the child and caretaker responded to the injury
❐ Lapse in time before seeking care for the injury?10

❐❐ Child’s interview and medical history (separate 
interview):1

Child’s name, medical record number, DOB 
❐❐ Caregiver statements (separate interview, optimally 

conducted by social work)10

❐ Name, relationship to child
❐ Date, time statement made
❐ Exact wording with quotation marks and identification 

of speaker
❐ Behavior and mood of speaker
❐ Practitioner’s questions, statements and actions
❐ Witnesses to interview (names & titles of those present)

❐ Physical exam findings, evidence collection
❐ Photographs of all findings with child’s name, record 

number, ruler, color scale (often done by law enforcement)
❐ Serial photographs throughout healing process to 

document changes 
❐ Supplement photographs with detailed drawings in chart for 

back-up records10

Note: Recent or fresh bite marks can be swabbed for saliva 
with a sterile cotton swab moistened in sterile saline, 
dried, and packaged in an envelope from an evidence 
kit for DNA processing.33

When there is a clear dental imprint, casts of the bite 
marks can be matched with an abuser by a forensic 
dentist or pathologist.34,60

Table 2. Documentation of Abuse



vascular malformations, and rare amino acid metabolic disorders
such as glutaric aciduria type I (associated with acute
encephalopathy and SDH). Finally, the history should evaluate
for the folk healing practice “caida di mollera,” where a child
with a sunken fontanelle is held upside by the ankles and shaken
(in an effort to pop out the fontanelle).10

The differential diagnoses for retinal hemorrhages include
vasculitis, vascular obstruction, and toxic febrile illness associat-
ed with serious infections.10 The role of the EP is to rule out
potentially grave diagnoses in the differential and to contact the
pediatrics service for admission to protect the child while the
remainder of the social and medical work-up is completed. 

Clinical Evaluation: Ancillary Studies 
If during the history and physical exam, a concern for abuse

has developed, appropriate ancillary studies can be ordered. In
cases where inflicted head trauma is suspected, in addition to
those cases where a child presents with seizures, altered mental
status, and focal neurological findings, a head CT should be
obtained to evaluate for skull fractures, intracranial hemorrhage,
or hydrocephalus.10 During in-hospital evaluation, a brain MRI
with contrast may be useful in dating CNS injuries, which may
assist in the identification of the chronicity of the injury and when
the child was exposed to a potential perpetrator.10 (See Table 4.)

Due to the frequency of skeletal injury and difficulty in detec-
tion of fractures in younger children, a skeletal survey should be

considered in the clinical evaluation of all children younger than
age 2 in whom there is a concern for abuse. The skeletal survey
consists of AP views of humeri, forearms, hands, femurs, lower
legs, and feet; chest; pelvis; lateral view axial skeleton (infants);
and AP and lateral views of the skull.10 (See Table 4.) Finally, a
skeletal survey should be performed during the evaluation of a
child with suspected abusive head injury, as extracranial abnormal-
ities may be detected in 30-70% of these children.13 

Psychosocial Evaluation of Suspected Child
Abuse in the ED

When abuse is suspected, and/or when a young child presents
with a severe injury, the immediate involvement of a social work-
er, especially when they are specifically trained in the area of
child abuse, can add invaluable information to the medical team’s
assessment of the social situation and the child’s safety. Consulta-
tion with Child Protective Services (CPS) is crucial when abuse is
suspected and may be especially helpful when it is uncertain:
unusual aspects of the case may be discussed with CPS by phone
24 hours a day. The CPS worker will note the details of the case,
including the assessment of the caretakers’ background, abilities,
environment, and potential risk to other children, and advise
whether the case merits further investigation by CPS and poten-
tially by local law enforcement agencies.10

In some cases, the child must be admitted to the hospital for
protection while the social and medical evaluations are complet-
ed. The family’s understanding and cooperation with the inves-
tigative process may be facilitated by a preliminary and diplomat-
ic conversation with the child’s family, communicating concern
for abuse and the consequent necessity for discussion with CPS,
additional studies such as the skeletal survey, and admission for
the child’s appropriate medical management and safety. It must
be stressed that the EP’s role is to ensure that there are no emer-
gent health issues or injuries that require evaluation and manage-
ment. While careful communication between the EP and admit-
ting physician must ensure that a thorough history and work-up
are done, often the appropriate locale of the thorough history and
extensive testing will be during hospital admission.10

Medico-legal Considerations
The mandated reporting law, which exists in all states,

requires that a physician make a report to CPS when there is a
reasonable suspicion that a child’s injury was caused by abuse.
The physician should be familiar with the laws for reporting in
their respective state. A reasonable suspicion for abuse is defined
as when the information gathered by the physician leads to the
conclusion that a child’s injury or medical condition is most like-
ly due to child abuse. Once a report is made (usually by calling
the 24-hour emergency state or county hotline) and written docu-
mentation is provided, CPS workers evaluate the provided infor-
mation, investigate the report if deemed appropriate, and provide
support to the family per the state’s established timeline.10

Finally, a physician making a report “in good faith” is able to
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Routine laboratory data and imaging: Evaluation of
comorbidities and differential diagnoses as indicated
❐ Complete blood count with differential (infection, bruising, 

bleeding, inflammation)
❐ C-reactive protein (infection, inflammation)
❐ ESR (infection, inflammation, rheumatologic disorders)
❐ Coagulation panel (bruising, bleeding)
❐ Lumbar puncture for CSF studies (seizures, altered mental 

status, infection)
❐ Complete metabolic panel (seizures, dehydration)
❐ Tests for abdominal injury: LFTs, amylase, lipase, stool 

occult blood, urinalysis/urine dip for occult blood
❐ Urine (and serum) toxicology panels (seizures, altered

mental status)

Imaging
❐ Skeletal survey (for children < age 2):

❐ AP views of humeri, forearms, hands, femurs, lower legs 
and feet; chest; pelvis; lateral view axial skeleton 
(infants), and AP and lateral views of skull 

❐ Radionuclide bone scanning for identification of new rib 
fractures and occult fractures

❐ Head CT for any child with suspected intracranial injury
❐ If positive: Brain MRI (further assessing and dating the 

injury)
❐ Thorax/abdomen/pelvic FAST, US, CT, or MRI for further 

injury evaluation as indicated 

Table 4. Laboratory and Imaging 
Considerations10



claim immunity from liability if an angry caregiver and/or family
files suit against that physician if it is determined that no mal-
treatment occurred. Additionally, a physician who fails to make a
report of suspected abuse may be liable for prosecution for fail-
ure to report child abuse under the state’s statutes. In cases of
physical abuse, the EP may be subpoenaed to testify in court.
Thus, the most effective way a physician can advocate for the
child in question is to accurately and thoroughly document the
medical evaluation performed in the ED.10

Conclusion 
In summary, the physical abuse of children has potential for

serious long-term sequelae, such as disability and death. While
there is a vast spectrum in the presentation of physical abuse, rang-
ing from mild bruising to acute intracranial hemorrhage, each child
presenting to the ED for treatment of an injury must be carefully
evaluated for the possibility of child abuse. Even mild injuries may
be suggestive of more extensive and long-term battering, and a
thorough history and physical exam might yield findings to pursue
a complete laboratory, radiological, and psychosocial evaluation.
The ED evaluation of child abuse requires cooperation and collabo-
ration among many different disciplines, such as the ED providers,
social workers, CPS investigators, and law enforcement personnel.
Finally, meticulous documentation of the child’s medical evaluation
in the ED is the most effective way to advocate for the child and to
protect the child from further abusive episodes.
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CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports are to

help physicians:
a.) Quickly recognize or increase index of suspicion for specific conditions;
b.) Describe the epidemiology, etiology, pathophysiology, historical

and physical examination findings associated with the entity discussed;
c.) Correctly formulate a differential diagnosis and perform necessary

diagnostic tests;
d.) Apply state-of-the-art therapeutic techniques (including the impli-

cations of pharmacologic therapy discussed) to patients with the particular
medical problems discussed;

e.) Provide patients with any necessary discharge instructions.

CME Instructions
Physicians participate in this continuing medical education program by

reading the article, using the provided references for further research, and
studying the questions at the end of the article. Participants should select
what they believe to be the correct answers, then refer to the list of correct
answers to test their knowledge. 

To clarify confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this activity, you must
complete the evaluation form that will be provided at the end of the semes-
ter and return it in the reply envelope provided to receive a credit letter.
When your evaluation is received, a credit letter will be mailed to you.
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CME Questions

81. What type of fracture is more often seen in abusive injuries?

A. Diaphyseal fracture

B. Skull fracture

C. Metaphyseal corner fracture

D. Rib fracture

82. Bruising on what part of the body is suggestive of abuse?

A. Inner thighs and groin

B. Bony prominences such as elbows and knees

C. Ulnar aspect of forearms

D. Calves or shins

83. What burn patterns are suggestive of abuse?

A. Spill and splash burns 

B. Unilateral burns

C. Sunburns

D. Identifiable patterned burns

84. Perpetrators of abuse are most likely to be:

A. Fathers

B. Mothers

C. Mother’s boyfriend 

D. Babysitters

85. Which statement about mandated reporting is true?

A. Physicians are liable to prosecution for reporting suspected

abuse when it is determined that maltreatment has not occurred.

B. The mandated reporting law in all states requires a physician to

make a report when injury due to abuse is suspected.

C. Physicians are always expected to testify as expert witnesses in

abuse cases.

D. Physicians are not held responsible for failing to make a report

of suspected abuse.

86. Which statement about bite marks is true?

A. It is not possible to distinguish between animal and human bites.

B. It is not possible to distinguish between bite marks of adults and

children.

C. DNA swabs may be obtained from bite marks only when saliva

has not dried.

D. Forensic evidence for bite marks, including photo documenta-

tion, may help identify the perpetrator and should be routinely

collected.

87. Which of the following statements about documentation is accurate?

A. The medical record may be admitted as evidence in court.

B. Photographs of injuries are only done by law enforcement officers.

C. Detailed documentation of interviews with child and caregivers

is not necessary.

D. The physician should avoid making statements in the assess-

ment and plan about whether abuse is suspected.

88. Orofacial injuries suspicious for abuse include:

A. injuries to lips and maxillary frenulum in ambulatory children.

B. bruising to the back of the body, inner arms or thighs, trunk,

genitalia, cheeks, ears, eyes, and neck.

C. isolated epistaxis.

D. injuries to forehead in toddlers.

89. Aspects of the caregiver’s history and physical examination of the

child that may raise concern for abuse include:

A. reproducible details with repetition of the story by caregiver.

B. injuries consistent with the child’s developmental level and abilities.

C. details inconsistent with findings on physical exam.

D. immediate presentation for care following injury.

90. What types of cutaneous findings are frequently confused with abuse?

A. Bruises over shins

B. Refractory eczema

C. Impetigo

D. Lesions from folk practices (e.g., cupping, coining, moxibustion)

Answers: 81. C; 82. A; 83. D; 84. A; 85. B; 86. D; 87. A; 88.
B; 89. C; 90. D
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Physical Abuse 
of Children

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Abusive Bruises

Photo used with permission from David M. Pressel, MD,
PhD.

• The pattern of injuries corresponds to infliction with an 
instrument not found in play or the child’s usual environ-
ment, such as linear bruises and petechiae on the buttocks 
and gluteal cleft from hitting, spanking, whipping, or 
paddling

• Linear bruising and/or petechiae of the pinna from blows to 
the skull (“tin ear syndrome” is comprised of bruising to the 
pinna, retinal bleeding, and acute traumatic head injury)

• Hand prints or oval marks on cheeks, neck, upper arms, 
trunk, or buttocks (from being punched, slapped, grabbed, 
shaken, or pinched)

• Belt marks (leaving long bands of ecchymosis, sometimes 
with a u-shape at the end or puncture wounds from the 
buckle)

• Loop marks from beating with a rope, wire, or electric cord 
(electric cords leave a characteristic “double-track mark”)

• Ligature marks or circumferential rope burns seen on the 
neck, wrists, ankles, and gag marks at corners of the mouth

• Any history of injury inconsistent with the child’s level of 
development or with the category and extent of the injury 
should raise suspicion for abusive trauma

Features of Bruises Suggestive 
of Abuse10,32

Loop Marks

Photo used with permission from David M. Pressel, MD,
PhD.

Metaphyseal Bucket Handle Fracture

Photo used with permission from David M. Pressel, MD,
PhD.

Posterior Rib Fractures

Photo used with permission from David M. Pressel, MD,
PhD.

Retinal Hemorrhages

Photo used with permission from David M. Pressel, MD,
PhD.

Immersion Burn

Photo used with permission from David M. Pressel, MD,
PhD.
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The medical record may be admitted as evidence in
court.
• Accurate, detailed, legible records are essential (consider 

dictation).10

THE RECORD SHOULD INCLUDE:

❐ Date and time of injury 
❐ When first noted
❐ Where the injury occurred 
❐ Who was there and witnessed the injury
❐ What led up to the injury
❐ How the child and caretaker responded to the injury
❐ Lapse in time before seeking care for the injury?10

❐❐ Child’s interview and medical history (separate 
interview):1

Child’s name, medical record number, DOB 
❐❐ Caregiver statements (separate interview, optimally 

conducted by social work)10

❐ Name, relationship to child
❐ Date, time statement made
❐ Exact wording with quotation marks and identification 

of speaker
❐ Behavior and mood of speaker
❐ Practitioner’s questions, statements and actions
❐ Witnesses to interview (names & titles of those present)

❐ Physical exam findings, evidence collection
❐ Photographs of all findings with child’s name, record 

number, ruler, color scale (often done by law enforcement)
❐ Serial photographs throughout healing process to 

document changes 
❐ Supplement photographs with detailed drawings in chart for 

back-up records10

Note: Recent or fresh bite marks can be swabbed for saliva 
with a sterile cotton swab moistened in sterile saline, 
dried, and packaged in an envelope from an evidence 
kit for DNA processing.33

When there is a clear dental imprint, casts of the bite 
marks can be matched with an abuser by a forensic 
dentist or pathologist.34,60

Documentation of Abuse

Classic red flags for abusive trauma in the history
include:
❐ Changing details with the caretaker’s repetition of the story 
❐ Details inconsistent with findings on physical exam:

❐ Findings of additional injuries or more severe injuries 
than described 

❐ Injuries described as self-inflicted or inflicted by 
another child 

❐ Injuries not compatible with developmental stage of the 
child

❐ Significant lapse in seeking care for injuries
❐ Seeking care at different health care facilities with each 

presentation10

Classic red flags for abusive trauma on physical exam 
include:
❐ Multiple injuries and multiple types of injuries at different 

stages of healing
❐ Multiplanar or unusual locations of injuries (neck, perineal 

area, upper arms)
❐ Poor hygiene or poor caretaker-child interaction
❐ Pathognomonic injuries: SDH, posterior rib fractures, spiral 

fractures (non- ambulatory children), metaphyseal fracture 
(bucket handle), scapular and spinous process fractures, 
sternal fractures61

❐ Patterned injuries: hand imprint, cigarette burns, grill 
marks, or loop marks

Red Flags for Abuse

Routine laboratory data and imaging: Evaluation of
comorbidities and differential diagnoses as indicated
❐ Complete blood count with differential (infection, bruising, 

bleeding, inflammation)
❐ C-reactive protein (infection, inflammation)
❐ ESR (infection, inflammation, rheumatologic disorders)
❐ Coagulation panel (bruising, bleeding)
❐ Lumbar puncture for CSF studies (seizures, altered mental 

status, infection)
❐ Complete metabolic panel (seizures, dehydration)
❐ Tests for abdominal injury: LFTs, amylase, lipase, stool 

occult blood, urinalysis/urine dip for occult blood
❐ Urine (and serum) toxicology panels (seizures, altered

mental status)

Imaging
❐ Skeletal survey (for children < age 2):

❐ AP views of humeri, forearms, hands, femurs, lower legs 
and feet; chest; pelvis; lateral view axial skeleton 
(infants), and AP and lateral views of skull 

❐ Radionuclide bone scanning for identification of new rib 
fractures and occult fractures

❐ Head CT for any child with suspected intracranial injury
❐ If positive: Brain MRI (further assessing and dating the 

injury)
❐ Thorax/abdomen/pelvic FAST, US, CT, or MRI for further 

injury evaluation as indicated 

Laboratory and Imaging 
Considerations10

Coining

Photo used with permission from Preston Maxim, MD,
San Francisco General Hospital.



Abdominal trauma is the most frequently initially missed fatal
injury in pediatrics. A high degree of suspicion is critical and
early diagnosis is essential to
minimize the morbidity and
mortality associated with these
injuries. The clinician must
understand the mechanisms of
injury that place the child at risk
and the subtle physical exami-
nation findings, and develop an
algorithmic approach to the
diagnosis. The authors review
the unique features and injury
patterns associated with pedi-
atric abdominal trauma.

— The Editor

Introduction
Trauma remains the number one cause of disability and death

for children. Abdominal trauma is a major cause of severe injury
in children and also is the most common cause of initially missed
fatal injury.1,2 This article will discuss the epidemiology of pedi-
atric abdominal trauma, the differences between abdominal

injury in adults and children, and the specific patterns of abdomi-
nal injury seen in children. Specific organ system injuries and

their management will be sys-
tematically presented. 

Background/
Epidemiology

Unintentional injury is the
number one cause of death in
the United States for children
and adults ages 1-44. Use of the
term “unintentional injury” as
opposed to “accident” began
two decades ago. Referring to
something as an “accident”

implies that the injury occurred without a cause. The term “unin-
tentional injury” is now used to emphasize that many injuries can
be prevented either by physical safety equipment, such as bicycle
helmets and seat belts, or by regulations, such as slower speed
limits. It is sobering to note that homicide and suicide, often car-
ried out by traumatic mechanisms, remain the second and third
most common causes of death in our society for young people
ages 15-34. 
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While traumatic injury is common in children, the mechanism
of injury depends upon the chronologic and developmental age
of the child. Toddlers usually suffer from submersion injuries as
well as falls. School age children more often experience pedestri-
an and bicycle injuries. Pedestrian injuries are the second most
common cause of abdominal injury in children after motor vehi-
cle collision (MVC). Morbidity in these cases is related to the
degree of multiple injury, with the majority of deaths caused by
head trauma.3

Adolescents incur injuries secondary to increased risk taking
behavior, coupled with the ability to drive legally. Injuries in ado-
lescents result from organized sports, firearms, recreational
equipment, and motorized vehicles. Adolescents sustain the
largest burden of injury mortality, with 48.5% of these deaths
occurring between the ages of 15 and 19.4 MVCs are the major
cause of fatal injuries in adolescents, as well as the majority of
serious injuries and death in the pediatric population. Although
young adults ages 15-20 make up only 7% of licensed drivers,
this group makes up 15% of all drivers killed in fatal crashes.4

Per Loiselle, “the fatality per distance traveled is 4 times higher
in this age group than all other ages combined.”4

All terrain vehicles (ATVs) deserve special mention. Despite
regulations developed in the 1980s mandating that children
younger than age 16 cannot use ATVs without a helmet or adult
supervision, there continue to be more than 20,000 injuries annu-
ally caused by ATVs, with more than 200 deaths per year.5

Rollovers account for almost one-half of injuries, while falls and
collisions account for the rest. Abdominal trauma accounts for

25% of injuries and 19% of deaths.5,6

Abuse is responsible for less than 4% of children with abdom-
inal trauma cared for in urban EDs and accounts for less than 1%
of children admitted to urban hospitals for abdominal trauma.7,8

The children with abdominal trauma secondary to abuse are
younger than a majority of trauma patients (mean age, 2-3 years)
but they have more severe injuries than children who were
injured by other mechanisms of abdominal trauma.9 Up to 50%
of mortality in abdominal trauma is due to delays in presentation
(mean time to presentation, 13 hours) and extent of injuries.7,8

Abdominal injury in children is mainly due to blunt trauma,
with more than 90% of pediatric injuries caused by blunt trauma
such as MVCs.10,11 Penetrating injuries such as gunshots and stab
wounds account for only 1.5% of all trauma admissions nation-
wide; however, they account for 15% of children with abdominal
trauma who are admitted to urban trauma centers.9 These chil-
dren are older and account for a disproportionate number of trau-
ma-related deaths. 

Differences Between Adult and Pediatric 
Abdominal Trauma: Children are not Small
Adults

Unique developmental, anatomic, and physiologic factors in
children compared to adults lead to differences in the type of
injury and the management and outcome of abdominal trauma.
In regard to overall injury management, since children often sus-
tain head trauma or are unable to communicate accurately sec-
ondary to their level of development or fear, a history of the inci-
dent may be unavailable. Abdominal distention, which occurs
from swallowing air when crying, can make the physical exami-
nation less reliable. A compliant rib cage may allow for internal
injury without external evidence of these injuries.  

Infants and young children are more prone to abdominal
injury than adults. Since the solid abdominal organs are relatively
larger, the abdominal musculature is less mature, the abdominal
wall and internal organs have less fat than those in adults, and the
internal organs are suspended by more elastic structures (espe-
cially the kidneys), the abdominal organs have an increased risk
of direct injury and are more vulnerable to blunt injury.12 The
pediatric kidney retains fetal lobulations that might lead to easier
separation and fracture.12 In children, the splenic and hepatic cap-
sules are tougher than those in adults, which is postulated to
account for the ability to contain bleeding and manage injuries
nonoperatively.13,14 Because of a child’s smaller size, a given
force is applied over a relatively larger area, causing increased
susceptibility to multi-organ injury.12 In children, the compliant
ribcage does not protect the liver and spleen from injury as it
does in adults, and the bladder is an intraabdominal organ. Thus,
the child’s abdomen begins at the level of the nipples. 

Physiologically, children can maintain normal vital signs even
in the setting of significant blood loss. As much as one quarter of
the blood volume can be lost prior to the onset of hypotension.15,16

Clinical identification of hypovolemia is difficult. Heart rate varies
with age, pain, temperature, and stress, and persistent tachycardia
can be secondary either to these factors or to blood loss. Capillary
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refill, which often is cited as a useful predictor of blood loss, is
unreliable given inter-observer variation, fluctuations with environ-
mental temperature, and variability in technique.17-20 A larger rela-
tive surface area in children younger than age 2 can promote
hypothermia and complicate shock. Given that the diaphragm is a
major muscle of respiration, abdominal injury or distention can
cause severe respiratory distress, exacerbating other injuries. 

Patterns of Pediatric Abdominal Injury
Children with an abdominal injury often have other associated

injuries, depending on the mechanism of injury. Falls usually cause
head and extremity injuries with a very small percentage of signifi-
cant abdominal trauma.9,12,15,21 Pedestrian injuries in toddlers are
usually caused by low-speed cars backing into children and result
in crush injuries to the trunk and head.22,23 Pedestrian injuries in
school age children who are struck crossing the street often cause
multiple injuries, including injuries to the head (44%) and extremi-
ties (32%) as well as abdominal injuries (10%).3 Bicycle injuries
usually cause extremity and neck fractures; abdominal injuries in
this instance are less common and more difficult to diagnose. 

Waddell’s triad refers to the pattern of a lower limb injury, left
sided abdominal or chest injury, and head injury occurring as a
motor vehicle hits a child who is running across a street. The

vehicle hits the lower extremity first. Then the child’s left
chest/abdomen is impacted by the front of the car. After the child
is thrown over the car, the head strikes the pavement, causing a
closed head injury.12,24

Children in MVCs using restraints tend to have less massive
head, thoracic, solid organ, and extremity injury than those who
do not use restraints. Although the incidence of abdominal trau-
ma may be more common among those who use restraints, over-
all mortality and morbidity are significantly lower.12,25,26

Lap belt complex injuries typically occur` in young children
who wear seat belts improperly positioned over immature iliac
crests. The restraint migrates onto the abdomen during rapid
deceleration of the car.12,27 Abdominal injuries (small bowel con-
tusions and lacerations) and lumbar injuries can occur. Chance
fracture is a flexion injury of the lumbar spine with distraction of
posterior elements and anterior compression fractures. Chance
fracture results from rapid deceleration with hyperflexion around
a poorly fitted lap seatbelt.12,27

The seatbelt sign, or contusion of the abdomen secondary to
the lap belt, is known to be a possible harbinger of more serious
abdominal injury. However, in one study, only 45% of children
with visceral injury had abdominal wall ecchymoses;28 therefore,
lack of a seatbelt sign cannot be used to rule out serious injury. 

With the advent of airbags in cars, children are at risk of
airbag injury. Airbags can deploy at speeds of 150 mph, causing
significant injury to children. Both infants in rear-facing car seats
and children sitting inappropriately in a seat with airbags can suf-
fer serious injury, including death, head injury, C-spine injury,
abrasions, and burns from the airbag deployment mechanism.29-35

The middle back seat is, thus, the safest for children. 
Handlebar injuries are not uncommon in children riding bicy-

cles.36-38 After a sudden stop, the child falls over the front of the
bicycle and the handlebars hit the child’s abdomen. The trauma
in this instance can be considered trivial and the symptoms may
initially be mild. The mean delay before injury diagnosis is
approximately 23 hours.39 Traumatic pancreatitis is the most
common injury (33%) in these cases. Other handlebar injuries
include renal and splenic trauma (17%), duodenal hematoma
(13%), and bowel perforation (10%).39

Initial Management 
Initial management of the child with trauma always begins

with attention to the ABC’s (airway, breathing, and circulation).
It is important to always remember that the main cause of cardiac
arrest in children is respiratory arrest. Oxygenation and ventila-
tion must be the first priorities in pediatric trauma management.
When assessing circulatory status, heart rate and end organ per-
fusion are important. While tachycardia can have many etiolo-
gies in a trauma situation, it also is a child’s earliest response to
hypovolemia. Blood pressure is not a reliable indicator of circu-
latory status. In regard to abdominal injury, the most important
factor indicating the need for laparotomy in a child with trauma
is hemodynamic instability.

Diagnosis. Diagnosis depends on understanding the mecha-
nism of the injury, thorough physical examination and appropri-
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Table 1. Mechanisms and Patterns of Injury
Suggesting Increased Risk of Intra-abdominal
Injury*

FALL

• Major factors in injuries incurred as a result of a fall:
— Height of fall
— Body position on impact
— Nature of contact surface
— Body orientation on impact
— Body mass
— Victims age

• Children younger than age 3 have less serious injuries than 
older children who fall the same distance (increased fat and 
cartilage and less muscle mass help younger children dissipate 
energy from the fall).40,41

• Mortality increases with falls from > 6 meters.

MVC 

• Position in vehicle and use of seatbelts have an effect on seri-
ousness of MVC injuries.

• Compared with unrestrained occupants, restrained occupants 
of MVCs may be at comparable risk for solid-organ intra-
abdominal injury and greater risk for hollow viscous injury.42,43

• MVC with restraints and steering wheel deformity have 
increased risk of small bowel injury and pancreatic injury.

• Injury of thoracic cage and rib fractures should heighten suspi-
cion for hepatic and splenic injury.44,45

* Adapted from: Potoka DA, Saladino RA. Blunt abdominal trauma in the 
pediatric patient. Clin Ped Emerg Med 2005;6:23-31.



ate laboratory and imaging tests. Table 1 lists mechanisms that
suggest an increased risk of intraabdominal injury. 

Physical Examination. Physical exam of the child’s
abdomen in trauma has been generally considered an unreliable
and inaccurate indicator of injury and has led to missed
injuries.2,46 Stage of development and inability to communicate
verbally can impede the physical exam. Also, children with
severe trauma have an increased incidence of concomitant brain
injury compared to adults, which decreases the sensitivity of the
physical exam.12 Since abdominal trauma also is the most com-
mon cause of initially unrecognized fatal injury in the pediatric
population,1,2 children with serious mechanisms of abdominal
injury usually undergo some imaging modality to identify these
injuries.

Diagnostic Modalities. CT Scan. CT scan has become a valu-
able tool in the evaluation of abdominal and pelvic injury.47-51

However, concerns about increased risk of cancer from radiation
exposure in children have raised questions about possible over-
use of CT imaging.52-55 Overall, children are more radiosensitive
than adults. A child also receives a larger radiation dose than an
adult for a given procedure, and the use of helical CT is increas-
ing faster in children than in adults.55 Frush and colleagues esti-
mated a risk of developing a fatal cancer secondary to radiation
to be approximately 1/1000 pediatric CT scan examinations.56

The recent literature has shown that children with mild and mod-
erate trauma undergo more abdominal imaging for similar
injuries than adults,57 and that 67-75% of pediatric abdominal CT
scans obtained are normal.48,51,58
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Figure 1. Algorithm for Abdominal Imaging in Pediatric Trauma
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Focused Abdominal Sonography for Trauma (FAST). FAST
has gained popularity in the adult trauma patient as an initial
screening tool for identifying patients who are in need of immedi-
ate laparotomy. FAST is portable, easy, quick, and non-invasive.
The specificity of FAST in children is cited at 95-100% for hemo-
peritoneum.59-63 However, in the hemodynamically stable pediatric
patient with blunt abdominal trauma, the sensitivity of FAST is
42-88%.62,63 Solid organ injuries without free intraperitoneal fluid,
delayed bleeds, as well as intestinal injuries that do not cause a
large accumulation of fluid would not be picked up by FAST. A
consensus conference on ultrasound in trauma developed the fol-
lowing practice paradigm:64 positive FAST in a hemodynamically
unstable patient should indicate immediate laparotomy while neg-
ative FAST in the same patient would warrant examination for an
extraabdominal source of bleeding. Positive FAST in a hemody-
namically stable patient should be followed by abdominal CT
scan to better define injury. Negative FAST in the same patient
should be followed with serial exams for six hours and then fol-
low-up FAST or CT scan, depending on the clinical scenario. 

In children, the use of FAST is controversial. A positive FAST
exam in a hemodynamically unstable child would indicate the
need for an emergent laparotomy.65,66 Rose suggests that FAST
exam can offer information about the timing and urgency of head
CT, abdominal CT, and laparotomy in children with concomitant
head and abdominal trauma.67 He also suggests that FAST exam
may be sufficient to obviate a CT exam in a child who has a low
likelihood of intraabdominal injury.63,67 However, a FAST exam,

whether positive or negative, does not provide the same informa-
tion as a CT scan. It is argued that many pediatric patients with
traumatic injury do not have free fluid, and CT imaging is neces-
sary to stage and identify these injuries to appropriately manage
these patients.65,68,69 Other work suggests using ultrasound in con-
junction with physical examination and laboratory values to deter-
mine the need for further imaging studies.58,60,62 (See Figure 1.)

Diagnostic Peritoneal Lavage. Diagnostic peritoneal lavage
(DPL) historically has been used to identify intraabdominal
injury in patients, including children who are too unstable to go
to the CT scanner. Since the advent of FAST, which serves a sim-
ilar diagnostic role, with the advantages of being quicker and
non-invasive, the use of DPL has decreased in trauma. 

Laboratory Tests. Aside from urinalysis, routine “trauma
panels” are not sensitive or specific for identifying intraabdomi-
nal injury in children.70-72 However, children with equivocal phys-
ical exam and low mechanism of injury can be screened with
laboratory tests. Serial hematocrits are standard to monitor possi-
ble bleeding. Several studies found that elevation of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) are
predictive of internal abdominal injury.73-76

Summary. In summary, the physical exam in pediatric
abdominal trauma is not considered reliable. With high risk
mechanisms of injury and abnormal physical exam, imaging is
necessary to characterize injuries and develop a management
plan. Although CT scan is very sensitive and specific, increasing
awareness of the trade-off with radiation risks raises questions
about appropriate imaging algorithms utilizing combination of
physical exam, FAST, CT scan and laboratory tests. It also must
be remembered that although helical CTs are increasing in quali-
ty, there are some injuries that can be missed by CT scan. Obser-
vation at a tertiary trauma center is the only intervention proven
to decrease the risk of missed traumatic injury.77

Splenic Injuries
Pediatric splenic injuries are the most common intraabdomi-

nal organ injury following blunt trauma. (See Figure 2.) They
should be suspected in any child with significant mechanism of
injury, abdominal pain, abdominal tenderness on exam (particu-
larly in the left upper quadrant), left upper quadrant abdominal
ecchymoses or contusions, or left rib fractures.

Diagnosis. In hemodynamically stable patients, abdominal
CT scan is the best method for diagnosing and grading splenic
injuries. (See Figure 3.) If contrast blush is seen on CT scan, this
indicates active bleeding and a greater likelihood that surgical
intervention will be necessary. In hemodynamically unstable
patients, diagnosis should be made at laparotomy.10 (See Table 2.)

Management. The current standard of care in pediatric
splenic injury is that the spleen should be preserved whenever
possible. Nonoperative management and splenic preservation
techniques, including partial splenectomy and splenorrhaphy,
have become the mainstay of splenic injury management. The
presence of hemodynamic instability in a child with an irrepara-
bly damaged spleen does remain an absolute indication for
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Table 2. Grading of Splenic Injury: American
Association for the Surgery of Trauma (AAST)
Splenic Injury Scale10

GRADE 1

Subcapsular hematoma < 10% of surface area or capsular 
tear < 1 cm in depth.

GRADE 2

Subcapsular hematoma of 10-50% of surface area, intra-
parenchymal hematoma of < 5 cm in diameter or laceration of 
1-3 cm in depth and not involving trabecular vessels.

GRADE 3

Subcapsular hematoma > 50% of surface area or expanding 
and ruptured subcapsular or parenchymal hematoma, intra-
parenchymal hematoma of > 5 cm or expanding, or laceration 
> 3 cm in depth or involving trabecular vessels.

GRADE 4

Laceration involving segmental or hilar vessels with devascu-
larization of > 25% of the spleen.

GRADE 5

Shattered spleen or hilar vascular injury.

Reproduced with permission from: Potoka DA, Saladino RA. Blunt abdomi-
nal trauma in the pediatric patient. Clin Ped Emerg Med 2005;6:23-31



splenectomy. Hemodynamically stable patients may be followed
with serial abdominal exams and serial hematocrits, and do not
need repeat imaging studies unless they remain symptomatic.

Nonoperative management should be attempted in any hemo-
dynamically stable child with blunt splenic injury, regardless of
grade, unless another intraabdominal injury necessitates
exploratory laparotomy. Nonoperative management of pediatric

splenic injuries leads to full recovery in
90-98% of patients. Nonoperative man-
agement has been associated with a
decreased number of blood transfusions
compared to operative management, and
no increased risk of missing other intraab-
dominal injuries.78-83 Splenic preservation
prevents overwhelming postsplenectomy
infection; this may occur in 2-11% of chil-
dren following post-traumatic splenecto-
my, with a mortality rate of up to 50%.84 It
also has been shown to result in longer
quality-adjusted life expectancy.85

A recent retrospective study by
Stylianos and colleagues comparing oper-
ative rates for 3,232 patients with blunt
splenic trauma at both trauma and non-
trauma centers found that patients treated
at trauma centers had a significantly lower
rate of operation than those at non-trauma
centers (15.3% vs. 19.3%, p < 0.001, for
multiply injured patients, and 9.2% vs.
18.5%, p < 0.0001, for isolated injury).
But rates at both types of centers exceed
published American Pediatric Surgical
Association benchmarks for all children
with spleen injury (5-11%) and the subset
with isolated splenic injury (0-3%).86

Thus, although trauma centers do a better job of having reduced
operation rates for splenic injuries, they still have rates 1.5 to 3
times higher than those set by the American Pediatric Surgical
Association.

Hepatic Injuries
Pediatric liver injuries (see Figure 4) are the second most

common intraabdominal organ injury following blunt trauma.
They should be suspected in any child with significant mecha-
nism of injury, abdominal pain, abdominal tenderness on exam,
right upper quadrant abdominal ecchymoses or contusions, or
right rib fractures.

Paddock and co-workers retrospectively reviewed a multi-
institutional pediatric trauma registry and found that hepatic
injuries represent a higher mortality risk (2.5%) than splenic
injuries (0.7%), and though rare, hepatosplenic injuries have the
highest risk of mortality (8.6%).87

Diagnosis. In hemodynamically stable patients, abdominal
CT scan with IV contrast is the best method for diagnosing and
grading liver injuries. In unstable patients, diagnosis should be
made at laparotomy.

Several studies have shown that AST (aspartate aminotrans-
ferase) greater than 400 IU/L or ALT (alanine aminotransferase)
greater than 250 IU/L is predictive of hepatic injury.73-76 Cotton et
al used multiple logistic regression analysis in a study of 353
children to show that increased ALT was the only laboratory
finding predictive of intraabdominal injury; in fact, ALT of
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greater than 131 IU/L and the presence of abdominal trauma
were indicative of intraabdominal injury with 100% sensitivity.88

Thus, in cases in which no clear indication exists for imaging fol-
lowing initial assessment, measurement of hepatic enzymes may
provide additional information. (See Table 3.)

Management. The hemodynamic status of the child should
guide management. Hemodynamically stable patients can be
managed nonoperatively by following serial abdominal exams,
serial hematocrits, and if abnormal, serial liver enzymes. If a
child is hemodynamically unstable despite fluid resuscitation or
requiring blood transfusion, then an exploratory laparotomy may
be required.

The majority of children (85-90%) with blunt hepatic and
splenic injuries have relatively low-grade (grade 1-3) injuries and
can be managed nonoperatively. In the management of higher-
grade solid organ injuries, angiographic embolization is gaining
acceptance.88 Asensio and colleagues reported a significant reduc-
tion in liver-related mortality in patients with grades 4 and 5 liver
injuries when using angiography and embolization in the initial
evaluation and management (from 40-80% down to 8-22%).89

Pancreatic Injuries
Compared with other solid organ injury, pancreatic injury is

relatively uncommon, occurring in 3-12% of patients with
abdominal trauma. It is almost always caused by blunt trauma,
and often is caused by compression of the pancreas against the
lumbar vertebral column.10

Of patients with pancreatic injury, children are more likely
than adults to have isolated pancreatic injury. In one series of
patients with pancreatic injury, 62.5% of children had isolated
pancreatic injuries following blunt abdominal trauma, compared
with 15.3% of adults.90 Bicycle handlebar injuries are a particu-
larly common mechanism of pancreatic injury.

Diagnosis. Pancreatic injuries may be difficult to diagnose
due to the retroperitoneal location of the pancreas. Clinical signs
and laboratory markers may be subtle and require time to evolve,
as pancreatic secretions become activated and pancreatic and
peripancreatic inflammation begins. Thus, it is prudent to be sus-
picious for possible pancreatic injury based on mechanism of
injury and clinical signs. 

Serum amylase and lipase are rarely helpful in the early post-
injury period, but can be followed. Abdominal CT scans are the
primary imaging modality, but 1) the sensitivity varies widely,
ranging from 28 to 85%; 2) they tend to underestimate the severi-
ty of pancreatic injury; and 3) the sensitivity for pancreatic ductal
injury is particularly low (42.9-54.5%).91-96

Management. Nonoperative management of pancreatic
injury is being increasingly proposed, and several series have
shown that nonoperative management of pancreatic injuries with-
out ductal disruption can result in low morbidity.

However, compared to other solid organ injuries, pancreatic
injury is the most likely to fail nonoperative management.
Holmes and coworkers’ retrospective study of 1818 pediatric
patients with solid organ injury showed an overall nonoperative
management failure rate of 5%.97 The failure rates for isolated
organ injuries were: kidney 3%, liver 3%, spleen 4%, and pan-
creas 18%. Of mechanisms of injury, only bicycle accidents
demonstrated a significantly increased risk of failing nonopera-
tive management. A summary Abbreviated Injury Scale (AIS)
score of greater than 4, isolated pancreatic injury, and more than
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Figure 4. Liver Laceration
Table 3. Grading of Hepatic Injury: American
Association for the Surgery of Trauma (AAST)
Liver Injury Scale

GRADE 1

Subcapsular hematoma < 1 cm in maximal thickness; capsular 
avulsion; superficial parenchymal laceration < 1 cm deep; and 
isolated periportal blood tracking.

GRADE 2

Parenchymal laceration 1-3 cm deep and parenchymal/sub-
capsular hematomas 1-3 cm thick.

GRADE 3

Parenchymal laceration > 3 cm deep and parenchymal or sub-
capsular hematoma > 3 cm in diameter.

GRADE 4

Parenchymal/subcapsular hematoma > 10 cm in diameter, 
lobar destruction, or devascularization.

GRADE 5

Global destruction or devascularization of liver.

GRADE 6

Hepatic avulsion (CT scan grade, not AAST grade).

Reproduced from: Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury
scaling: Spleen and liver (1994 revision). J Trauma 1995;38:323-324, with
permission from Lippincott Williams & Wilkins.



one injured organ were significantly associated with nonopera-
tive management failure.97

Intestinal Injuries
Small intestine and colon injuries occur less frequently in

children than solid organ injuries, but their findings can be more
subtle. They should be suspected in any child with significant
mechanism of injury, abdominal pain, abdominal tenderness on
exam, ecchymoses or contusions, and particularly in children
involved in motor vehicle accidents who are found to have seat-
belt signs. One should be highly suspicious if the initial exam
demonstrates peritonitis or hemodynamic instability (due to
mesenteric bleeding).

Three distinct mechanisms of injury have been described: 1)
in burst injuries a compressive force ruptures a transiently dis-
tended segment of bowel; 2) shear injuries occur when the rapid
deceleration of the bowel is resisted by a fixed point such as the
ligament of Treitz or terminal ileum; and 3) crush injuries are
seen when the bowel is compressed against the spine. 

Diagnosis. These injuries are often subtle in their workup as
well as in their initial presentation, and the lack of significant
findings on routine trauma imaging and laboratory studies does
not imply the absence of injury, particularly in the early post-
injury period. 

FAST scans have low sensitivity for intestinal injuries.
Abdominal CT scan with IV contrast is preferred; specific CT
scan findings that suggest surgical exploration include evidence
of extraluminal air, extraluminal contrast material, or a moderate
to large amount of free fluid without evidence of solid-organ
injury (seen on 4 or more consecutive CT scan sections).98

Management. In hemodynamically stable patients with no
clear signs of intestinal injury, diagnosis requires serial exams,
serial laboratory tests, and repeat imaging studies. Any child with
initial or evolving peritonitis or intestinal injuries on imaging
should undergo an exploratory laparotomy. 

Renal Injuries
If the posterior abdomen and retroperitoneum are included in

the definition of blunt abdominal trauma, then the kidney is the
most commonly injured solid organ in pediatrics.99 Renal injuries
should be suspected in any child with significant mechanism of
injury, abdominal or flank pain, abdominal or flank tenderness on
exam, back ecchymoses or contusions, or posterior rib fractures.

Diagnosis. Urinalyses are frequently obtained in children with
abdominal trauma, and both gross and microscopic hematuria have
been associated with intraabdominal injury in children. Gross
hematuria is defined as being visible to the naked eye. Microscopic
hematuria has been defined differently by different authors, as
greater than 5 red blood cells per high power field (RBCs/hpf),
more than 20 RBCs/hpf, or more than 50 RBCs/hpf.72,74,99-101

How well microscopic hematuria predicts renal injury and the
amount of workup that is needed in patients with microscopic
hematuria remains controversial (partly due to differing definitions
of how many red blood cells per high power field constitute micro-
scopic hematuria). In Stein and coworkers’ retrospective study of

abdominal CT scans in 412 children following abdominal trauma,
it was found that all significant renal injuries presented with hema-
turia (48 had renal injuries documented by abdominal CT; 25 of
which had significant injuries and 23 had insignificant renal
injuries). Of those with significant renal injuries, 68% (17/25) had
microscopic hematuria, and 32% (8/25) had gross hematuria.102

In Stalker and colleagues’ retrospective chart review of 256
children with blunt abdominal trauma, they found that hematuria
has a sensitivity of 33% (35/106) for predicting renal injury. How-
ever, they also noted that having a normal blood pressure and less
than 50 RBCs/hpf had a negative predictive value of 100%.101

Santucci and associates retrospective review of 720 pediatric
trauma patients with hematuria found that all patients with sig-
nificant renal injuries had either gross hematuria, shock, or sig-
nificant deceleration injury.103

Management. Hemodynamically stable children with gross
hematuria or other concerning symptoms should undergo an
abdominal CT scan with IV contrast to diagnose and grade kid-
ney injuries. It remains controversial whether hemodynamically
stable patients with asymptomatic microscopic hematuria need to
undergo abdominal CT. In unstable patients, diagnosis should be
made at laparotomy. 

The standard of care is renal preservation. A recent retrospec-
tive study from a single institution’s 25-years of experience
reported a less than 1% nephrectomy rate.104

Conclusion 
Abdominal injury in children is a major cause of severe injury

and also is the most common cause of initially missed fatal
injury in children.1,2 It usually is caused by blunt injury due to
MVC. An understanding of how abdominal injury presents in
children as compared to adults, as well as a knowledge of the dif-
ferent patterns of injury can aid in diagnosing pediatric abdomi-
nal injury. Although management of many pediatric abdominal
injuries is non-operative, use of appropriate imaging modalities
to diagnose intraabdominal pathology is essential to the care of
these patients. 
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CME/CNE Questions
1. Which of the following is true regarding pediatric abdominal 

trauma?

A. Mainly due to penetrating trauma

B. Children with abdominal trauma secondary to abuse are younger

than the majority of trauma patients and have more severe

injuries

C. Only 5% of the mortality in abdominal trauma is due to delays

in presentation

D. Penetrating injuries account for 60% of all trauma admissions

nationwide 

2. Which of the following is true regarding pediatric anatomy?

A. Pediatric solid abdominal organs are smaller

B. A compliant rib cage may allow for underlying injury without

external evidence of injury

C. Abdominal wall and internal organs have more fat than adults

D. The pediatric internal organs are suspended by less elastic struc-

tures than adults

3. A child presents with a seatbelt sign. Which of the following is true?

A. The child may have serious internal injury

B. The child may have a Chance fracture

C. The child may have a small bowel injury

D. All of the above

4. Which of the following is true regarding a child who has a handlebar

mark to the abdomen?

A. The trauma may be considered trivial and initially symptoms

may be mild

B. The mean delay before diagnosis is approximately 23 hours

C. Traumatic pancreatitis is the most common injury

D. All of the above 

5. CT scan has become a valuable tool in the evaluation of abdominal

and pelvic injuries.

A. True 

B. False

6. Which of the following is false regarding the use of ultrasound in a

pediatric trauma patient?

A. FAST is easy, portable, quick, and noninvasive.
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CNE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a letter of credit. When your evaluation is received, a
letter of credit will be mailed to you.

CNE/CME Objectives
Upon completing this program, the participants will be able to:
a.) discuss conditions that should increase suspicion for 

traumatic injuries;
b.) describe the various modalities used to identify different 

traumatic conditions;
c.) cite methods of quickly stabilizing and managing patients;

and
d.) identify possible complications that may occur with 

traumatic injuries.
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B. The specificity of FAST for hemoperitoneum in children is 

95-100%.

C. In the hemodynamically stable patient the sensitivity of FAST is

100%.

D. The FAST exam does not detect solid organ injuries without free

intraperitoneal fluid.

7. The current standard of care for pediatric splenic injury is that the

spleen should be preserved whenever possible.

A. True

B. False

8. Regarding hepatic injury, which of the following is true?

A. Hepatic injury is the most common intraabdominal injury follow-

ing blunt trauma.

B. In hemodynamically unstable patients, CT scan is the imaging

modality of choice.

C. The majority of children with hepatic injury have low-grade

injuries and can be managed nonoperatively.

D. In unstable patients, CT scan should be performed immediately.

9. Which of the following is true regarding pancreatic injury?

A. Pancreatic injury is common.

B. It usually occurs following penetrating injury.

C. Children are more likely than adults to have isolated pancreatic

injury.

D. Pancreatic injuries are easy to diagnose.

10.FAST scans have a high sensitivity for intestinal injuries.

A. True

B. False

Answers: 1. B; 2. B; 3. D; 4. D; 5. A; 6. C; 7. A; 8. C; 9. C; 10. B
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