International Society for the Prevention of Child Abuse and Neglect (ISPCAN)

Child Physical Abuse – Advanced

Presenter Notes
Exercise:  Part One
You have come to work in a busy pediatric acute care facility.  Four patients are waiting your arrival with the following problems.


A four month old infant is brought by his mother because she found him lying in his crib this morning with a swollen reddened thigh.  He will not move the leg, which seems to be tender.

A two year old fell out of bed two mornings ago.  He began complaining of belly pain yesterday afternoon and has vomited all oral intake since last evening.  He has developed a fever, and is complaining of severe abdominal pain today. T 39oC P125 R 35 BP 75/43.
An eight month old reportedly fell out of the bed this morning, lost consciousness, began breathing funny, then stiffened and convulsed for three minutes.  He is now lethargic to obtunded, breathing on his own, but not responding normally to stimuli

A three year old returned from visiting his father late last night.  When his mother went to dress him today, she found many bruises on his buttocks and posterior thighs, and he was reluctant to walk, doing so stiffly.

Do any of these cases make you concerned about possible child abuse?

Discussion
First Task:  Recognizing Concern for Child Abuse
For most well-intentioned people who chose to spend their life taking care of children, the thought that an adult would intentionally hurt a child is unthinkable.  While abuse is far more common than most people recognize, most trauma you will see is the result of non-intentional events.  Making the matter even more difficult, it is not always apparent that signs and symptoms are the result of injury when a history of trauma is not given.  Distinguishing false innocent histories from the truth is also difficult.

Research has shown that the use of a child abuse recognition algorithm will increase the likelihood that a provider will appropriately consider, recognize and respond to abuse.  A simple prompt card acts as a reminder, and has been used in research to reinforce the teaching of recognition algorithms.  ISPCAN has developed this card for the recognition of child physical abuse.  The first part of our curriculum will explain why we chose the signs you see in the arrows, and how you can use them to increase your sensitivity to possible child abuse.
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Bruise with Recognizable Shape

As they grow more and more active, children experience more and more accidental injury.  Most of these injuries are bruises and abrasions.  Most bruises are round or oval, on the front of the body, and overlying bony prominences.

While even “typical” bruises can be signs of child abuse, bruises in unusual and recognizable shapes are more likely to indicate abuse.  Not only can these injuries tell us that abuse has occurred, but they can tell us the nature of that abuse.  We will now look at a few of those patterns.  Some you will immediately recognize, others will be apparent once you have heard the answer, and others will remain indistinct.
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Maybe you saw the patterns right away.  Maybe you only saw the pattern with the assistance provided on the instructor’s slide.  Quite possibly you will remember seeing other patterns that are not included in this limited slide set.  Any time you see a pattern, however, the injury is giving its own history.  Many of these histories immediately identify abuse.  Others can be explained innocently, if the child or adult provide the proper explanation.  All of these patterns should make you consider child abuse.
Multiple Injuries of Differing Ages

Child abuse wasn’t talked about much before 1963 when Dr. C. Henry Kempe and his colleagues first published a seminal paper identifying “the Battered Child Syndrome.”  This term has changed a bit from Kempe’s era to today, but it still has validity for recognizing inflicted injury.  While any single injury may be the consequence of child abuse, the presence of multiple injuries, each with separate cause but not well explained, increases the likelihood of child abuse.

Later, we will talk about some conditions that may be confused with child abuse. For now, we will focus on the most common determination that health care providers must make – distinguishing non-inflicted (sometimes called accidental) injury from inflicted (or abusive) injury.  This determination is sometimes quite difficult.  The child we see now has multiple rib fractures and a femur fracture.  What’s more, the fractures are in different stages of healing, indicating that they occurred on multiple occasions.  If you have difficulty seeing these injuries, the instructor’s slide set will make them more apparent. 
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When the question of abuse versus accident must be asked on multiple occasions; when injuries differ in ages, or occur in differing areas of the body, the likelihood of inflicted injury increases.  If a syndrome is a group of findings that co-occur, thereby implying specific cause, course, and treatment; the findings of “the battered child syndrome” are all poorly explained injuries, but with differing ages, in differing locations, or of differing etiology.  The common cause is inflicted injury.  The expected course is repeated inflicted injury, neglect, emotional abuse, and sometimes death.  We will talk about the treatment later.

Significant Trauma in a Non-walking Child

There are multiple reasons to worry about very young children who suffer trauma.  A much higher percentage of trauma is inflicted in young children compared to older children.  Even minor accidental injuries are rare in the youngest children, as they are not mobile and are therefore unlikely to injure themselves.  Abusive injuries of young children are often much more severe.  In addition, young children cannot speak for themselves and therefore cannot provide a history of their own abuse.
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Abuse of all types happens throughout childhood.  In general, there are two peaks of abuse prevalence, one in the infant and toddler years, and one in early adolescence.  Serious physical abuse is much more commonly recognized in early childhood, with head injuries and fractures mostly seen in the birth to two year group, and burns and abdominal injuries are thought to occur most often in the two to four year old group.  Of course, these forms of abuse occur outside this time frame.  Many child abuse statistics have been published, and they sometimes conflict. The data regarding age/developmental status and risk for abuse are very consistent.  They demonstrate that you should be particularly concerned about abuse when a child who cannot walk presents with traumatic injuries.
Cutaneous injuries are the most common form of accidental and inflicted trauma.  As children advance in motor ability they begin to bruise; Nearly all children who can run and climb have some bruises.  Multiple studies have looked at bruise counts as children age and develop and have come to the same conclusion.  Children who cannot pull to stand and walk along objects do not have bruises.  In other words, those who don’t cruise don’t bruise.  Less than 1% of such children have any injuries; at most they may have two small oval bruises on the forehead, scalp, shin or knee.
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While 80% of abuse fractures occur in the under 18- month-old group, only 2% of accidental fractures do.  Almost half of fractures in this age group are the result of abuse.  The femur fracture serves as a good example.  In the first year, and estimated 30 to 60% of femur fractures are the result of abuse.  If you look at it by motor ability instead of age, before children walk, over 40% of fractures are from abuse.  Afterwards, this number tends to drop precipitously.  Rib fractures are not an uncommon accidental injury, but in infants, 80% are the result of abuse. All rib fractures without clear explanation are suspicious.  Posterior rib fractures near the spinal column and anterior rib fractures at the costal margin are more suspicious.  Multiple rib fractures are even more concerning, and multiple rib fractures of varying ages are highly suggestive of abuse.  Fractures of the tibia in non-walking children, and fractures of the humerus in children under age three that are not supra-condylar, are the result of abuse about one third of the time.
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                    Abusive Fractures



Non-Inflicted Fractures

For subdural hematoma, the story is much the same.  In children under age three, multiple case series have shown that more than half of subdural hematomas are the result of child abuse.  Because the determination of abuse is sometimes difficult, these case studies often identify an “indeterminate group,” which likely includes some abused children, so the percentage is probably higher.  The likelihood of abuse also goes up with decreasing patient age.  One population based study found that over 80% of subdural hematomas in children under age two were suspicious for child abuse.  And 80% of head injuries resulting in the death of a child under age two have been found to be from child abuse.
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Two recent studies showed that children age 5 and under had higher rates of abusive abdominal injury compared to older children.  Case series of children with abusive abdominal trauma have suggested that the peak incidence of abusive abdominal injuries is age two to three.  However, a recent incidence study among hospitalized children showed that infants had higher rates of abusive abdominal trauma than toddlers.  
Your card says that you should suspect child abuse when a child presents for treatment of a traumatic injury, and he is not yet walking.  This is true for bruises, fractures, intracranial bleeding and other internal injuries.  Clearly, however, this is a simplification.  For head injuries, the association of young age and abuse runs up to age three, and for other internal injuries it runs above age four.  We have chosen the universally true cutoff for your card, but awareness of the larger concept is important when considering the most severely injured patients.
Child Gives a History of Abuse
Because so many of our physical abuse patients are very young, it is possible to forget that many children can give you a history of their own injury.  For abused children, fear of the parent (who may be present), prior coaching to hide the abuse, and the desire to protect a parent who is loved and relied upon, may keep them from telling the truth.  It is always beneficial to talk to the child alone, and to ask in a non-leading fashion whether he was abused.  Sometimes this fact comes out in random comments to hospital staff, rather than to the doctor.  Educating other medical personnel to be alert for disclosures of abuse, to share them with the caring physician, and to document them in the medical record is an important step in identifying abuse suspicion.

Many adults find it hard to believe children, particularly when the adults who care for them are saying something quite different.  False spontaneous reports of abuse by a child are very uncommon.  When the child gives a clear unambiguous report of abuse, no person has pressured the child into making the statement, and there is no obvious contradiction or motive for a false report, the child’s statement should be treated as probably true.

Injury without History of Trauma
At times children are brought in for care of signs or symptoms that arose “spontaneously” or “in the course of an illness” but are subsequently found to be due to trauma.  Such a situation is commonly found in child abuse and only rarely found with non-inflicted injury.  Let’s take a harder look at how such a situation could arise.  

Older children may play away from the observation of adults.  When they are injured, no adult may see the event.  Most of these children are verbal and can tell the provider what happened.  If these children are unable to communicate, or lie about the trauma events, we may see injuries without a trauma history.  This is an unusual and reasonably recognizable situation.  The adult historian will likely report that the child returned from play, or was found in a play setting with the signs and symptoms of concern.

Toddlers and younger pre-school aged children may also injure themselves during play.  These children are often unable to give a good medical history, particularly when they are in pain, frightened or confronted with strangers.  These children, however, should never be playing far from adult supervision.  An adult should see, hear, or be able to infer the trauma events from the situation.  Failure to do so suggests either lack of knowledge through neglectful lack of supervision or failure to report the situation because of fear of culpability; both rapidly lead to concern for child abuse.

Infants, of course, are almost continuously attended by adults.  Even when they sleep they are seldom far from an adult care provider.  Again, a trauma event should be known to the adult attendant.  Failure to report this event may occur because the adult hides the event due to perceived culpability, or because a second adult brings the child to medical care.  Even then we would expect the adult who saw the injury event to report it to the person who brings the child to medical attention.

Finally, at every age, it is conceivable that an injury event is seen but not appreciated as seriously injurious, or not recalled when the injury isn’t recognized until much later.  Once again, this is an uncommon situation.  It is also one that will be addressed further in the evaluation of suspected child abuse.  Thus, this possibility should prompt, rather than hinder, the medical provider to proceed with the child abuse assessment.

Inconsistencies in The Given History
While a history that is consistent with objective findings is not necessarily true, a history that is inconsistent with objective findings is necessarily false.  Put another way, some people tell good lies, so the fact that they are believable doesn’t prove that they are truthful.  The truth, however, should be at least possible and usually reasonably plausible.  If a story is not reasonably plausible, it should be questioned, and if it is impossible, it should be recognized as a lie.

Determining what is possible or impossible, however, is a very difficult task.  Let’s examine several types of inconsistency that are encountered with abused children.

Internal inconsistency.  It is hard for a liar to tell the same lie the same way repeatedly.  Thus, when an adult tells a story that changes from telling to telling, the possibility that she is lying to cover for abuse must be considered.  It is important, however, to examine the contribution of the medical personnel to this variation.  Medical personnel take histories differently from one another, miscommunication can occur between a history taker and giver, providers may record what they hear from other providers, and time from history taking to documentation may lead to incorrect recall of what was said.  Internal inconsistencies that are not explained by these variables are likely to be signs of a false history.

Inter historian inconsistencies.  It is common practice in child abuse investigations to interview each adult separately.  Adults may not have coordinated their stories, and even when they have, their accounts may differ.  Again, it is important to be sure the differences are not the product of differing points of view, one person telling things to another person with misunderstanding, differences in memory or interview style, etc.  Glaring differences that cannot be explained indicate that one historian or the other is lying.

Developmental inconsistency occurs when the child is reported to have done things that are not developmentally plausible for children of that age.  A two month old will not roll off the bed, because two month olds do not roll.  A three month old will not grab a curling iron because three month olds do not reach and grasp.  A six month old, will not stand, fall and break a leg, because six month olds do not stand.  Many other examples exist, but the point is served.  If a child is reported to contribute to his injury, it must be by an act he is capable of performing.  Not every child has the same abilities at the same age, but if an activity seems improbable, the individual child’s abilities need to be further explored before accepting the history as true.

Biomechanical or Epidemiological Inconsistency.  Among the harder forms of inconsistency to identify is when a described trauma is insufficient to cause the particular injury.   Perhaps the most common false trauma history provided is that a child fell out of bed.  Such an event is extremely common, and one that may cause injury, but generally not severe injury.

For instance, a fall from bed is unlikely to cause a fracture.  Bed falls observed in hospital settings, however, have resulted in skull fractures.  Clavicle fractures have also occurred in observed hospital falls.  Femur fractures are not likely to occur, but a particular incomplete and impacted fracture of the distal femoral dia-metaphysis has been found following mild trauma, including bed falls.  Similarly, bed falls are a very unlikely cause of intra-cranial bleeding.  Bleeding, life-threatening bleeding, and even death have resulted from short falls, however.  Small subdural hematomas in otherwise well children, and epidural hematomas may be reasonably explained by short falls, but some providers want the assurance of a child abuse evaluation before accepting this explanation.  Large, space occupying subdural hematomas have rarely been described with short falls during play, but not with falls of a baby from a laying position on a bed.  

A fall to a flat surface is highly unlikely to cause a liver, spleen or pancreatic laceration, or to rupture a hollow viscus, unless it is from an extremely high place.  While the provider may feel uncomfortable pronouncing a history as impossible, and therefore diagnosing child abuse, it is important to remember that in this section we are only identifying abuse suspicion so that we can inquire further.  The ultimate determination is still to come, and we will discuss particular considerations that affect historical consistency in future sections.  

Because this form of inconsistency is so important, but so difficult for some providers, we have stressed it by adding an additional arrow for when mild trauma is described but severe injuries are found.  The inconsistency in this situation seems obvious, and we feel that it should not be overlooked.
Injury Complicated by Delay in Seeking Medical Care
A fracture that is not brought to medical attention will begin to show signs of healing within one to two weeks.  If a fracture is first seen with evidence of healing, it means that the child has likely suffered pain and disability for over one week prior to seeking care.  Children with severe abdominal injuries may experience pain and vomiting, but still be consolable and even eat at times.  If that child goes on to develop peritonitis, his condition will significantly deteriorate.  Peritonitis and subsequent sepsis takes time to develop, however, and will demonstrate that the child has been kept from care.
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Research studies have found that delay in seeking medical care is not very specific for child abuse.  Perhaps it is better to examine why and for how long a child was kept from care.  A simple history of delayed care in a child dealing well with a modest injury is understandable.  Delay to the point of developing significant complications requires a very good explanation to avoid concerns for child abuse.  For this reason we have chosen complications from delayed care, rather than delay itself as our recognition prompt.

Exercise:  Part Two

Each of these children presents with a reasonable basis to be concerned about child physical abuse.  Identify the reasons supporting that concern for each patient.
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An eight month old reportedly fell out of bed this morning, lost consciousness, began breathing funny, then stiffened and convulsed for three minutes.  He is now lethargic to obtunded, breathing on his own, but not responding normally to stimuli.
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A three year old returned from visiting his father late last night.  When his mother went to dress him today, she found many bruises on his buttocks and posterior thighs, and he was reluctant to walk, doing so stiffly.

No card prompts!

Are you concerned?

This case reminds us that the card is a tool to increase your sensitivity for abuse, not decrease it.  It this case concerns you, you should respond appropriately.

What plans for assessment do you want to make for each of these patients?

Discussion
Second Task:  Assessing Patients with Abuse Concerns

During our discussion of prompts to recognizing possible child abuse during the primary assessment, we promised to discuss further two important aids in making the diagnosis.  One of the prompts was the presence of multiple injuries in different locations, of different causes, and at different times.  Later we acknowledged that some of those injuries might not be apparent during the primary assessment.  The secondary assessment must include efforts to identify additional injuries.

Another prompt was for inconsistency between the given history and the injuries identified, particularly when severe injuries occur following reported minor trauma.  A few “exceptions to the rule” were given but we indicated we would talk about more factors that affect the determination of historical consistency.  The secondary assessment, then, must search for medical variables that would alter presumptions about the relationship between trauma severity and injury.
The Medical History

It is very rare that we take the complete medical history as it was taught to us during medical school.  Evaluating child abuse may be the time to do so again.  To remind you, the complete pediatric medical history includes

a. A thorough history of events leading to presentation

b. The birth history

c. A history of nutrition

d. A history of development

e. A history of growth

f. A history of immunizations

g. A history of past hospitalizations, surgeries, significant illnesses and significant injuries  (for purposes of evaluating abuse it may be beneficial to add  history of remembered traumas, even if judged to be non-injurious)

h. A history of medications and medication allergies

i. A review of systems  

j. A history of the family’s composition, living situation, relationships and social conditions

k. A pedigree and medical history of the family  

Certain facts make these historical elements germane to our assessment

Event history:  If no other history is collected in a busy emergency department, it is vital that the history of events leading up to presentation is taken in detail.  Any reported trauma event should be thoroughly described by each involved individual.  Second hand information must be distinguished from information inferred from indirect evidence, and from the actual first hand observations of the historian.  The apparent health, location, and activities of the child should be ascertained for the 72 hours preceding presentation, and until the child was last seen awake, healthy and pursuing normal activities. If, at the end of this history no significant trauma event is reported, a history of trauma should be specifically sought, or a denial of trauma documented.  It is important that this history be non-leading, and that the physician not reveal clues to what history he or she suspects.

Birth history:  Very large babies sometimes sustain fractures or intracranial hemorrhages.  This is particularly true when extraction is difficult, requiring vacuum or ventouse birth, or the application of forceps.  Conversely, very small and sick premature babies sometimes suffer from “osteopenia of prematurity” leading to fractures, particularly rib fractures.  Premature babies also may have eye disease that should be recognized, and that may contribute to retinal hemorrhaging.  Congenital syphilis causes bony changes that may be mistaken for fracture.

Nutritional history:  Dark skinned babies who are not given enough sun and are exclusively breast fed are at risk for rickets, which may make their bones fracture more easily.

Developmental history:  If the history of injury includes motor skills that are advanced for a child’s age, a history of advanced motor development throughout early life would be expected.  A child who rolls at the expected time, sits at the expected time, and crawls at the expected time is unlikely to suddenly walk up stairs many months before expected.
Growth history:  Osteogenesis imperfecta, the “brittle bone disease” is associated with short stature.  This is true of vitamin D resistant rickets, renal failure, and other chronic diseases that affect skeletal fragility.  Glutaric aciduria type I is associated with a large head circumference.  Failure to thrive, from nutritional neglect, is associated with stalling of weight gain that precedes stalling of linear growth.  During re-nutrition, height gain may be delayed, producing a short or “stunted” child.  Many abnormal patterns of growth contribute to identification of underlying disease, or of child maltreatment.

Immunization history:  Immunization foes and child abuse defendants have sometimes asserted that immunizations can cause unusual fragility in children, leading to conditions confused with child abuse.  To date, no such condition has been proved or is widely accepted by mainstream medicine.  Significant lapses in immunization, however, do leave babies vulnerable to infection, and contribute to the impression of a neglectful family.

Past medical history:  If a healing fracture is identified later in the assessment, it is good to know beforehand whether the child has a history of injury to that part of the body. The history, taken before identifying objective findings, is unbiased and “locked in.”  If a child has previously suffered multiple fractures, both repeated inflicted injury and skeletal fragility should be considered.  More commonly, the history will include unexplained bruises that were never taken seriously.  Like the fractures, this brings to mind multiple abuse events, but also conditions leading to easy bruising.  If a child has been severely ill or has been hospitalized for extreme reaction to a seemingly minor viral illness, metabolic diseases should be considered.  Certain metabolic diseases are associated with intracranial hemorrhage and brain injury.  Even a minor viral illness in the week or so preceding presentation has importance when a child has “too many bruises.”  This sort of history is common with idiopathic thrombocytopenic purpura (ITP).

Medication history:  Diuretics, seizure medications, steroids and immune suppressants used for organ transplant all cause bone mineral defects, contributing to skeletal fragility.

Review of systems:  It is difficult to ask, and just as difficult to recall every important question about a child’s health, even in a young child.  The review of systems serves as a last reminder, in an effort to cover everything.  It is also a chance to obtain pertinent negatives and specific denials of trauma and underlying vulnerability.

Family medical history:  Osteogenesis imperfecta, Ehlers Danlos syndrome, hemophilia, and von Willebrand’s disease are classic inherited disorders that may present with injury following seemingly minor trauma.  The presence or absence of these disorders in family members will increase or decrease the likelihood of their presence in the child.  New mutations are common in the collagen disorders, and von Willebrand’s disorder may go unrecognized in a pedigree, so that the family history doesn’t complete the job of eliminating these disorders.   A family history may also indicate the presence of medications in the house.  If grandpa lives upstairs and has atrial fibrillation, coumadin is likely to be in the house, and a toddler might gain access to it.

Social history:  While we tend to focus on medical indicators of child abuse, social indicators are also important.  While not diagnostic for abuse, social risks may increase the likelihood of maltreatment, and should be identified as part of the overall assessment of family risk.  The presence of intimate partner violence and mental illness in a family makes it more likely that physical abuse will be repeated, and injury will recur.  Addressing family problems may decrease the future risk of abuse, and may improve the child’s overall health and well-being.  Clearly the social history has a place in this evaluation, though we will focus on using medical findings in determining whether abuse has occurred.

While the history taking for each child should be individualized, it history should not be too narrow.  It is difficult in child abuse medicine to know what will become important later in the case evaluation.  Histories and theories of injury or disease change rapidly.  Having a complete medical history as early as possible in the case is always beneficial.

Physical Examination

A complete physical examination should occur, rather than a problem-focused evaluation.  Things of particular importance include:
a. General observations of behavior and health

b. Anthropometric measurements

c. Inspection of all skin surfaces

d. Visualization and palpation of the cranial vault

e. Examination of the external ear

f. Careful external and internal eye examination

g. Thorough inspection of the oral cavity

h. An external skeletal examination

i. Genital examination

General Observations:  Does the child appear well and vigorous with normal development and behavior?  Children who are frequently beaten may be fearful and cowering.  Children who are chronically neglected sometimes display a passive, hyper-alert “frozen watchfulness.”  Children who grow up with neglect and violence are often delayed in their mental or physical development.

Anthropometry:  Weight is almost universally obtained, but may be estimated in seriously injured children.  Ultimately a measured weight, height or length, and a head circumference will be important.  Large heads may signify an underlying metabolic disorder, or a growing chronic subdural collection.  Small heads may indicate teratogenic influences such as fetal alcohol syndrome, or a genetic syndrome.  Short stature may indicate chronic poor health, stunting from chronic malnutrition or, rarely, an underlying disorder such as osteogenesis imperfecta.  Large stature may indicate a genetic syndrome, or a secreting endocrine tumor.  Low weight may be evidence of acute starvation, chronic malnutrition or chronic disease.  There has also been concern that chronic emotional deprivation may give rise to poor weight gain, so called “non-organic failure to thrive.”

Skin exam:  bruises, burns, cuts, abrasions, post traumatic pigmentary changes and scars are the most commonly found evidence of trauma.  
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All surfaces of the body should be searched for such marks.  When marks are found, attempts should be made to blanche them with pressure. The color, texture, feel, size and shape should be documented.  Photographs with a size and color standard are the best way to preserve the mark for future consideration.  
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The general character of the skin is also important.  Velvety, stretchy, distensible, or loose baggy skin suggest the presence of a collagen disorder.  Scattered petechiae and palpable purpura may indicate a platelet disorder or vasculitis.  
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Care must be taken not to confuse normal skin markings with injury.  Mongolian, blue-gray or slate-gray spots are often mistaken for bruises.  Other vascular and pigmented birth marks can be confused with trauma as well.  Sometimes a follow-up exam in two weeks is the best way to be sure something is not trauma, since many of these marks will not resolve in that time.

Cranial examination:  The scalp is a particularly difficult area of skin to examine.  Dense hair may hide a multitude of signs.  Bruises, lacerations, and contusions should be sought through inspection and palpation.  Underlying disturbances of the cranium may be felt underneath a mass of hair.
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Areas of thin hair, particularly with broken hair shafts and petechiae may indicate traumatic avulsion.

Ear examination:  There is a tendency to bypass the pinna and go directly to tympanoscopy.  Fine petechial bruises within the recesses of the pinna, and bruises along its outer margins or on the surface facing the head have been described in abused children.  These injuries are rare in accidental trauma and should not be overlooked.
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Eye examination:  Petechiae of the sclerae 
may provide evidence of strangulation or thoracic compression.  Larger hemorrhages in the eye may come from direct eye trauma.  Blue or dark gray sclerae raise the possibility of osteogenesis imperfecta, an underlying collagen disorder.  
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Direct ophthalmosopy may detect retinal hemorrhages.  This exam methodology has limited sensitivity, and doesn’t allow for a detailed description of hemorrhages, so should not replace an ophthalmology evaluation, described below.
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Oral examination:  The inner surfaces of the lips and buccal mucosa, and the alveolar ridge may demonstrate a blow to the face that is not apparent externally.  Injury to the teeth may be seen. Serious tooth decay may be an indicator of nutritional or dental neglect.  Alternatively, abnormal enamel, and fragile crumbling teeth can indicate osteogenesis imperfecta, which will alter assumptions about a child’s fractures.  The frenulae of the lips and tongue should be inspected for tears, and any tear should be examined for granuation tissue, which will indicate a period of healing.  Finally, the posterior pharynx should be examined.  Lacerations of the pharynx and lingual frenulum can occur with forced feeding or thrusting of objects into the mouth.

Skeletal examination:  The presence of pain, tenderness, swelling, crepitance, abnormal motion, and deformity of the skeleton are important above and beyond the presence of fracture, which will be assessed by X-ray examination.  If these findings are noted prior to knowledge of X-ray findings they are of greater significance.  For this reason, inspection and palpation of skeletal structures is an important component of the complete examination.

Genital examination:  A genital examination should occur, but must be performed by a physician familiar with examination techniques and anatomy pertinent to sexual abuse evaluation.  If the initial examining physician does not possess these skills, an inspection for bruising, bleeding, discharge, vesicles, and pain may suffice.  The occurrence of precocious or delayed onset puberty, may have some significance when considering the full clinical picture.

Laboratory Evaluation

Laboratory tests, like the history and physical examination, should search for occult trauma and evaluate for underlying illness that may alter the determination of inflicted vs. non-inflicted trauma.  Initial assessment may include some of the following:
a. Complete blood count

b. Clotting times including PT, INR, PTT, Thrombin time and bleeding time

c. Other tests of clotting disorder, such as von Willebrand’s panel, and Factor XIII

d. Basic metabolic profile including Sodium, Potassium, Chloride, Bicarbonate, BUN, Creatinine and Glucose.

e. Urinalysis

f. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), amylase, and lipase
g. Creatinine phosphokinase (CPK) and myoglobin

CBC:  Abnormalities of each cell line may be important.  Low hemoglobin may indicate significant bleeding, which may be acute.  Anemia from underlying disease, malnutrition, or toxic exposures may also be documented.  Low platelet count can be the result of a consumptive process following infection or injury, but may be the primary process leading to bruising and other bleeding.  Abnormalities of the white cells can be the first sign of leukemia that can lead to pathological fractures and intracranial and intra-ocular bleeding.  Every patient with a finding due to bleeding, and every seriously injured patient will need a CBC.
PT, INR, PTT:  Abnormalities of the basic clotting profile can be the result of a consumptive phenomenon, following infection or injury, or can be the underlying problem leading to abnormal bleeding.  Again, every patient whose findings are due to bleeding, and a trauma patient going to surgery should have a basic clotting panel.

Other Clotting Studies:  Certain clotting diseases are not always apparent in the basic clotting profile.  Von Willebrand’s disease, and factor XIII are two diseases that have rarely been implicated in serious bleeding, and are not always apparent on a PT and PTT.  Different physicians and different institutions have their own approach to this problem, so no standard can be put forth, but you will want to develop your own standard for obtaining additional coagulation studies.

BMP:  The basic metabolic profile can reveal a host of problems.  Hypernatremic dehydration may lead to intracranial bleeding.  Hyponatremia has complicated head trauma, leading to delayed cerebral edema and deterioration.  Renal failure and renal tubular acidosis cause bone calcium loss that may contribute to skeletal fragility.  Signs of renal failure have been found in children with ruptured bladders and urinary ascites, and in children kept home with serious internal injuries leading to shock.  All children hospitalized with serious injuries should have a BMP.

Urinalysis:  Urinalysis may reveal blood as evidence of kidney or bladder trauma.  Other cell types, casts and proteins may be evidence of an underlying kidney disease that can contribute to the child’s circumstances.

ALT, AST, Amylase, Lipase:  These enzymes may provide the first evidence of internal injuries in a traumatized child.  The use of screening labs significantly improves sensitivity above the physical examination alone.  Liver enzymes rise rapidly, but amylase may have a delayed rise.  For this reason labs obtained before four hours after injury may need to be repeated.  Children with evidence of a recent significant beating should have the ALT, AST, amylase, and lipase measured.

CPK and Myoglobin:  Significant muscle injury may release these enzymes and pigments into the blood.  They serve as evidence of the extent of muscle damage underlying a cutaneous injury.  Additionally, the presence of myoglobin in the blood places the child at risk for myoglobinuria and renal failure.  These tests are not part of any standard screening plan.  Rather, these tests should be ordered when severe soft tissue injury is evident, when the urine appears red, or when the urinalysis shows hemoglobin in excess of red blood cells.

The total possible laboratory tests are too numerous to mention in the evaluation of these children.  Other tests may be desirable, or even essential in various clinical settings.  Abnormalities in screening tests often require repetition or follow up laboratory studies.  This basic group, however, forms the foundation of a laboratory assessment in suspected child abuse.

Imaging Studies

Imaging continues the process of searching for occult injuries, and may identify evidence of underlying illness that alter presumptions about the relationship between trauma and injury.

A skeletal X-ray survey is a series of X-rays that image the entire skeleton of a child.  In some centers, the number of films is minimized, thus compromising the projection and exposure of certain bones.  A proper skeletal X-ray survey includes 19 or more films including:

1,2       AP and lateral skull


3,4       AP and lateral chest


5          Lateral cervical-spine


6          Lateral lumbosacral-spine


7          Abdomen and pelvis


8,9       AP humerus


10,11   AP radius and ulna


12,13   Oblique hands


14,15   AP femur


16,17   AP tibia and tibula


18,19   AP feet

Skeletal surveys should be ordered on all children under age two who are being evaluated for possible child abuse.  Between age two and five, a skeletal survey may be ordered in the following situations:
1. The child is unconscious or compromised so that evaluation of the external skeletal exam is hampered

2. The initial finding that raised the suspicion of abuse is a fracture

3. The child is extensively battered, making additional injury likely

4. Signs are identified suggesting additional fracture

In the youngest children, skeletal X-ray survey identifies additional findings up to 1/3 of the time.  Important findings that may contribute to the diagnosis of child abuse are:
1. Fractures with no clinical history to explain them

2. Untreated fractures with evidence of healing

3. [image: image33.png]
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Classic Metaphyseal Lesions (corner chip and bucket handle fractures) which have a very high association with abuse
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4. Rib fractures in infants

5. Multiple fractures in various stages of healing

6. Fractures of the Sternum

7. Fractures of the Scapula

8. Fractures of the spinous process of the vertebrae
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Other findings may indicate disease and skeletal fragility:
1. Poor calcification of bone

2. Thin cortices on long bone

3. Narrow radius of long bone

4. [image: image41.wmf]Bowing of long bone
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5. Multiple wormian bones of the skull

6. Flared frayed rachitic metaphyses

7. Normal sub-periosteal bone formation in early infancy

[image: image43.wmf]
If, at the end of the first assessment child abuse is suspected, a repeat skeletal survey should be performed in two weeks.  Fresh rib fractures, in particular, are easy to miss on X-ray.  Repeating the films in two weeks may identify overlooked rib fractures.  Lack of change in other bone findings may help clarify normal variants that may be confused with fracture.
CT or MRI scanning of the head will be ordered for clinical reasons in children with symptomatic brain injury or severe head trauma.  It may be beneficial to order CT scans of the head in children at high risk for abusive head trauma, even when they do not have clinical indication of head trauma.  Identified risk factors include infants under one year old with rib fracture, classic metaphyseal lesions, multiple fractures, or externally apparent injury of the head or face, and all children under six months of age.  The identification of occult intracranial injury raises the likelihood of child abuse, increases the severity of the case, and indicates the need for neurological and developmental follow-up.

When intracranial injuries have been identified by CT scan, an MRI scan is recommended within the next few days.  MRI can better date subdural hematoma, though it is still imperfect.  MRI is also more likely to show anomalies of the vasculature and meninges that may lead to non-traumatic intracranial bleeding.  MRI is better at imaging the extent of parenchymal injury. 
[image: image44.wmf]
Here CT scans and an MRI scan each show subdural hematoma.  In young infants a high proportion of SDH is from child abuse.  Other explanations are significant accidental trauma (mostly motor vehicle collisions or long distance falls) and bleeding disorders (such as vitamin K deficiency).
Visceral injury may be clinically suspected, suggested by screening blood tests, or impossible to exclude in the neurologically compromised, severely injured child.  In these cases, a CT scan of the thorax and abdomen is the most common imaging modality.  Many other imaging techniques may be available, including ultrasound.  These other techniques have a particular place in the diagnostic armamentarium, and their use must be coordinated with a radiologist.
[image: image45.wmf]A CT scan shows liver laceration, and a barium swallow shows obstruction of the gastric outlet from duodenal hematoma.  Each is the result of direct compressing abdominal trauma.  When the history doesn’t fully explain forceful trauma by a focused compressing object, inflicted trauma may be the cause.

The primary work up may uncover findings that require the assistance of a sub-specialist.  Coagulopathy may need further assessment best guided by a hematologist.  A short child with decalcified bones or wormian bones, or a family history of fracture may indicate osteogenesis imperfecta.  Both laboratory testing for OI and the input of a geneticist will be desirable.  The geneticist will also be helpful when a child has developmental anomalies, a large head, or brain atrophy and intracranial bleeding.  The disease glutaric aciduria type I may be evaluated by serum amino acids, acyl carnitine panel, and urine organic acids.  A geneticist is useful to guide and supervise this evaluation.

Two specialists may be helpful more broadly.  Young children, and particularly children with intracranial head injuries should have an eye examination by an ophthalmologist using indirect ophthalmoscopy.  This exam should occur as soon as possible, but the exam requires dilation, so must be approved by the treating physicians.  Only indirect ophthalmoscopy can definitively confirm retinal hemorrhages and describe their depth, extent, number and location.  An ophthalmologist will recognized specific patterns of hemorrhage associated with other diseases such as Coats disease and central retinal vein thrombosis.

Some centers are fortunate enough to possess a Child Abuse Pediatrician.  This specialist can direct the child abuse assessment, interpret the results, coordinate the consultants, and communicate with outside agencies that may become involved in the case.
Exercise:  Part Three

Plan an appropriate evaluation for each of these children.
[image: image46.wmf]
A four month old infant is brought in by his mother because she found him lying in his crib this morning with a swollen reddened thigh.  He will not move the leg, which seems to be tender.  

[image: image47.wmf]Based on the child’s age, and the presence of a fracture, a skeletal X-ray survey is mandatory in this case.  Any concerns for OI raised by the history, physical examination or X-rays will need further assessment.  A geneticist is the best consultant, but if one is not available, gene testing of blood and fibroblast testing of a skin biopsy is still possible.  Similarly, any suggestion of kidney disease or rickets will need additional laboratory testing, and possibly involvement of a specialist.  A basic metabolic profile will at least eliminate renal failure.  If the complete clinical evaluation and the skeletal survey leave the provider concerned for child abuse, a CT scan of the head would be appropriate, and an ophthalmology exam as well.  Finally, if abuse remains a concern, repeating the skeletal X-ray survey in two weeks may be helpful.

Actual assessment of this child found no concerns for OI, kidney disease or rickets. There was sub-periosteal new bone formation along both tibias, a normal finding. Several healing rib fractures were also identified.  CT scanning was normal.
[image: image48.wmf]Plan an appropriate evaluation for this child.

In this case, is abuse (a) your final diagnosis, (b) the prevailing diagnosis with
 additional assessment pending, (c) a persisting suspicion among equals, or 
(d) not a significant concern?
[image: image49.wmf]A two year old fell out of bed two mornings ago.  He began complaining of belly pain yesterday afternoon and has vomited all oral intake since last evening.  He has developed a fever, and is complaining of severe abdominal pain today. T 39oC P125 R 35 BP 75/43.

A two year old is outside the usual skeletal survey range, but the severity of the trauma and the compromised state of this child may be enough to suggest getting it anyway.  There is likely to be internal bleeding, and DIC may be a consequence of the peritonitis, so clotting studies are essential.  Blood testing for liver and pancreatic involvement are implicit in the diagnosis, but worth mentioning.  A basic metabolic profile would also be ordered on all such significantly injured children.  The two year old doesn’t trigger a blind CT scan, but any compromise of consciousness in this traumatized child should.  Finally, though we didn’t mention it, severe Ehlers-Danlos syndrome can complicate this picture.  The flexibility of skin and joints should be evaluated clinically, and a family history sought.  Clinical suggestions can be followed up with genetic testing.
In this case, surgery identified most of the injuries.  Transaminases were elevated, as expected.  Anemia developed, which required transfusion.  The amylase did rise briefly, and follow up CT scan showed some pancreatic edema.  Fortunately, no coagulopathy developed.  Skeletal survey was negative.  There was no indication of Ehlers-Danlos.
Ruptured jejunum with surrounding hematoma, blood and fecal contamination of the peritoneum, and diffuse inflammatory infiltrates of the peritoneum were found at surgery.  Hepatic transaminases were elevated, and anemia developed which required transfusion.  The amylase did elevate briefly, and follow up CT scan showed some pancreatic edema.  Fortunately, no coagulopathy developed.  Skeletal survey was negative.  There was no indication of Ehlers-Danlos.

Plan an appropriate evaluation for this child.

In this case, is abuse (a) your final diagnosis, (b) the prevailing diagnosis with additional assessment pending, (c) a persisting suspicion among equals, or (d) not a significant concern?
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An eight month old reportedly fell out of the bed this morning, lost consciousness, began breathing funny, then stiffened and convulsed for three minutes.  He is now lethargic to obtunded, breathing on his own, but not responding normally to stimuli.

Skeletal survey is clearly indicated here.  CT has already been performed, but an MRI scan is very likely to be helpful.  Ophthalmology consultation is an important addition.  Clotting studies must be ordered, and any abnormalities further evaluated.  This child should be screened for intra-abdominal injuries with blood and urine testing.  If the abdominal examination cannot be confidently interpreted, a CT scan of the abdomen should be performed.  The presence of a large head and big CSF spaces, or a history of past unexplained deteriorations or developmental anomalies should prompt a search for evidence of underlying metabolic disease, hopefully with the assistance of a geneticist.

MRI confirmed that the SDH was acute, and the visualized blood vessels were normal.  An ophthalmology exam identified numerous retinal hemorrhages described as flame, splinter, dot-blot, pre-retinal and sub-retinal.  These hemorrhages extended out to the far periphery of one eye, but were more posteriorly located in the other.  Clotting studies demonstrated mild prolongation of the PTT, but this normalized, and hematology evaluation did not identify any preceding cause for the lab finding.  The hematologist and neurosurgeon indicated that this is typical for children with significant brain injury.  CSF spaces were generous, but the head size and developmental history were normal, and the brain did not appear atrophied.  No intra-abdominal findings were identified, but skeletal X-ray survey found several acute and other healed rib fractures.  Classic metaphyseal lesions were identified at the knees and ankles.

Plan an appropriate evaluation for this child.

In this case, is abuse (a) your final diagnosis, (b) the prevailing diagnosis with additional assessment pending, (c) a persisting suspicion among equals, or (d) not a significant concern?

[image: image50.wmf]A three year old returned from visiting his father late last night.  When his mother went to dress him today, she found many bruises on his buttocks and posterior thighs, and he was reluctant to walk, doing so stiffly.

Significant prolongation of the PT and PTT was found in this patient.  This corrected with vitamin K administration and fresh frozen plasma.  Later history revealed that the boy had spent much of the weekend running around in his father’s back yard and climbing on a pile of firewood.  A scene investigation found a box of rat poison behind the wood pile, and the father remembered putting it there when he discovered rats last month.  It was suspected that the boy had found, and eaten the rat poison, which contained coumadin.

Plan an appropriate evaluation for this child.

In this case, is abuse (a) your final diagnosis, (b) the prevailing diagnosis with additional assessment pending, (c) a persisting suspicion among equals, or (d) not a significant concern?
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Evaluation Tips





Skeletal X-ray Survey for all children under age two, and children two to five with other fractures, unconsciousness, severe external injuries





Head CT Scan for children under six months old, and children under one with external head injuries, rib fractures, classic metaphyseal fractures, multiple fractures





Coagulopathy Screen for children with issues of bruising or internal bleeding





AST, ALT, Amylase, Urinalysis for children with evidence of fresh battering





CPK, Urinalysis, Myoglobin for children with significant soft tissue injury





Metabolic Testing for children with subdural hematoma and large CSF spaces, and for repeat SIDS or ALTE





Osteogenesis Imperfecta Testing for children with family history, blue sclerae, other skeletal abnormalities, short stature or other suspicion of OI
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At Surgery, ruptured jejunum, peritonitis
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