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T

his is a recommended evaluation and management algorithm
from the Western Trauma Association (WTA) Algorithms
Committee and the Pediatric Trauma Society (PTS) addressing
the management of pediatric patients with concern for child physical abuse (CPA) trauma. The algorithm is designed to be used
starting with emergency room presentation and carries through
the initial evaluation and into disposition and treatment. Because
there is a paucity of published prospective randomized clinical trials that have generated class I data, these recommendations are
based primarily on published prospective and retrospective cohort
studies, and expert opinion of thought leaders in the child abuse
field and experienced trauma surgeons from the WTA and PTS.
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The algorithm was designed for use by trauma and emergency
medicine providers or whomever might be required to evaluate
and care for injured children. It was intended to work in a wide
variety of settings, not just hospitals or facilities with robust pediatric capabilities and resources. The development of this algorithm also coincided with the release of the American College of
Surgeon's Trauma Quality Improvement Program guideline on
the management of child abuse, draws from its recommendations,
and one of our authors was integral to that project (M.A.E.).1
The final algorithm is the result of an iterative process including
an initial internal review and revision by the WTA Algorithm
Committee members, review by the PTS workgroup, and then
final revisions based on input during and after presentation of
the algorithm to the full WTA membership.
Child abuse of all forms remains a significant preventable
public health problem affecting more than 600,000 children annually in United States, according to the most recent report from
the National Child Abuse and Neglect Data System.2 An estimated 9 children per 1,000 suffer at least 1 form of maltreatment,
with somewhere between 10% and 33% of these suffering CPA
trauma, although there are data to suggest that this may dramatically underrepresent the problem's true extent.3 Identifying victims of CPA can be a significant challenge because health care
is usually predicated on trusting the historian. This construct
fails in CPA. Normal play comes with injuries, making it hard
at times to separate accidental injuries from those intentionally
inflicted. Confounding the problem is defaulting to truth and
the inherent bias that a trusted adult or caregiver would not intentionally harm a child. Screening for child abuse is further
biased by race and socioeconomic status, as evidenced by an increased rate of screening and reporting of abusive head trauma
(AHT) in minority race and ethnicity patients compared with White
non-Latin patients.4
All these factors combine to create significant challenges
in identifying children at risk for ongoing harm. This manifests
in a most tragic form when a child presents with a devastating
and often lethal injury after having already been seen, evaluated,

J Trauma Acute Care Surg
Volume 90, Number 4

641

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

J Trauma Acute Care Surg
Volume 90, Number 4

Rosen et al.

and released for a prior injury that was suspicious for abuse but
was either not suspected or not evaluated for abuse at the time.5,6
This is a complex clinical problem that no clinician wants to
miss. In contradistinction, being overly suspicious thus leading
to unnecessary evaluation has potential negative consequences
as well. An algorithm would be useful to help clinicians find balance and improve objectivity. Implementing a standardized child
abuse screening algorithm has been shown to mitigate and correct for screening bias, which is essential for identifying victims
at risk for further harm, without providing undue stress to children and families.7–9
The algorithm (shown in sections in Figs. 1 to 4 and complete in Figs. 5 and 6) and accompanying comments represent a
safe and sensible approach to the evaluation of the child with
concern for CPA. We recognize that there will be multiple
factors that may warrant or require deviation from any single
recommended algorithm and that no algorithm can completely
replace expert bedside clinical judgment. We encourage institutions

to use this as a general framework in the approach to these
patients and to customize and adapt the algorithm to better suit
the specifics of that program or location.

ALGORITHM
The following sections correspond to specific sections of the
algorithm shown in Figures 1 to 4. Annotations to the algorithm
with additional information and guidance are shown by section
and all together in Figure 6. In each section, we have provided a
more detailed graphic and a brief summary of the important aspects and options that should be considered at that point in the
evaluation and management process. Of note, this algorithm
was designed for hemodynamically stable patients who can
safely proceed through the evaluation phases as described. Injured patients should always be managed according to Advanced
Trauma Life Support and Pediatric Advanced Life Support guidelines and treatment priorities. The recommendations contained

Figure 1. Algorithm section 1: presentation and risk stratification.
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Figure 2. Algorithm section 2: laboratory evaluation.

within this algorithm can still be applied to unstable patients, albeit
when the patient's condition permits.

Presentation and Risk Stratification
The algorithm is relevant for any child who presents with
an injury or a brief resolved unexplained event (historically referred to as an acute life threatening event or ALTE) because these
events may be related to undisclosed central nervous system injury (Fig. 1).10,11 A thorough history and physical examination
are essential for all patients. In documenting history, it is important
to clearly state the source of the history, to help distinguish if a
story is truly changing or if the story is different as retold by various individuals. It is equally important to be objective and unbiased, documenting what is known and avoiding conjecture. The
algorithm explicitly states the patient should be undressed for
the examination, which is critical for assessing all body regions
for bruising. Examinations should be comprehensive and include
often missed areas like the neurologic examination, the genitals,
perineum, and anus. Documentation should include diagrams
and photographs of any visible injury manifestations whenever
possible. Photographic documentation is part of a comprehensive
examination normally done by someone with forensic training,
like a child abuse pediatrician. If a forensic examiner is unavailable, the American College of Surgeons Trauma Quality Improvement Program guide has more detailed instructions on how to
obtain photographs and document images in the medical record.1
After the history and physical examination has been
completed, the child's risk of abuse is then stratified based on
evidence-based factors for both history and physical examination
findings. It is essential that these factors are applied consistently
and objectively to avoid bias that can confound the diagnosis even
by the most well-intentioned clinician.8 A key component of this
process involves a body region and age-based bruising clinical
decision rule (torso, ears, neck- 4 bruising clinical decision rule),
which was derived on the basis of discriminating bruising characteristics.12,13 This evidence-based validated rule identifies children
at high risk for abuse if they have bruising in the torso, ears, or neck
and are younger than 4 years, or any bruise on an infant 4 months
or younger. The rule has evolved to include a second acronym,

FACES-p, which stands for frenulum (lingual), angle of jaw, cheek
(buccal), eyelids, subconjunctiva, or patterned bruising anywhere.14
These rules are useful to help identify those at highest risk, but the
authors wish to stress that clinical scenarios not captured by a rule
could also be abuse. Included in the list of concerning findings
are signs of overall neglect, such as failure to thrive or untreated
dental caries.15,16 These are less concerning or softer signs of social circumstances that have an indirect correlation with physical
abuse and in the right context should arouse concern.
The last part of section 1 transitions into the evaluation phase
by directing specific steps to take for children with concerning
history or physical examination risk factors. If not yet involved,
available resources, such as a trauma team, social work, pediatric
surgery, child abuse pediatrics, or general pediatrics, should be
notified. When speciality resources are not available at a particular facility, teleconsultation with or transfer to a regional referral
center with the required services or expertise may be beneficial.
The challenging nature of diagnosing CPA is often made easier
by a team approach, especially in centers with limited pediatric
experience or resources.

Laboratory Evaluation
The next phase includes laboratory studies and tests focused
on CPA concerns (Fig. 2). The routine use of hepatic transaminases for screening in blunt abdominal trauma is well supported
in suspected CPA. Aspartate transaminase or alanine transaminase more than 80 IU/L should trigger a computed tomography
(CT) scan of the abdomen and pelvis in suspected CPA.17 Serum
lipase increases the overall sensitivity and decreases the risk
of missed pancreatic injuries. A CT scan of the abdomen and
pelvis should be obtained when the lipase elevation is more than
100 U/L.18 Coagulation profiles are useful to help determine if a
patient has a coagulopathy that could account for bruising felt to
be inconsistent with the stated mechanism of injury. Serum calcium, phosphorous, alkaline phosphatase, parathyroid hormone,
and vitamin D levels may be useful in fracture patients.1 Troponin I levels may help assess for blunt cardiac injury in children
with suspected CPA.19 Risk factors that may suggest a benefit
to obtaining a troponin I level include age older than 3 months
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Figure 3. Algorithm section 3: imaging.

(to avoid a physiologic elevation), abdominal injury, rib fracture,
and ill appearance.20

Imaging
Imaging decisions are guided by American College of Radiology appropriateness criteria and are stratified by age, with
644

children younger than 6 months getting a mandatory head CT
scan and children of other ages getting head imaging based on
clinical suspicion, findings of facial injury, abnormal neurologic
examination, or concussive symptoms (Fig. 3).21–23 All children
younger than 24 months require a skeletal survey, which is suggested for children up to age 5 years if suspicion is high.24
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Figure 4. Algorithm section 4: disposition and treatment.

Technetium-99m whole-body bone scan, while not a first-line
screening test, may be useful when clinical suspicion is high, but
the skeletal survey is negative or findings are equivocal or subtle.1 In routine cases, skeletal survey remains preferable because
bone scans require venipuncture for radiotracer injection and may
require sedation because of the longer requirement to remain stationary when compared with other modalities.
Abdominal imaging is based on clinical suspicion or laboratory abnormalities. In deciding to obtain a CT scan for possible CPA, a conservatively low threshold (aspartate transaminase/
alanine transaminase, ≥80 IU/L, or lipase, ≥100 IU/L) is used to
increase sensitivity and ideally capture even minor injuries that
may not require significant treatment but could have enormous
relevance in making the diagnosis of CPA and for potential
prosecution of the perpetrator.1 Further imaging is injury specific
or determined by clinical concern. Specific radiology findings
concerning for CPA are specified in Figure 6 (box E).25,26 The correlation of CPA and isolated humerus or femur fracture in a child
younger than 18 months was a finding by members of the PTS
guidelines committee.27

Disposition and Treatment
With the history, physical examination, laboratory, and imaging evaluations complete, a determination must be made about

inpatient admission versus outpatient management (Fig. 4). If
the injuries require admission, the pathway directs additional
measures based on injury severity, but the scope of this algorithm stops at guiding injury-specific treatment, which presently
does not differ from non–abuse-related injuries. Specific indications for ophthalmologic examination to look for retinal hemorrhages are included in Figure 6 (box G).28–32 The provider is
also given the reminder to inform the state's child protection services (CPS) agency if they have not already done so.
If a child's injuries do not require inpatient hospitalization, a
“disposition huddle” should be convened with key providers who
have the knowledge and perspective to contribute to a disposition
conversation. The conversation must include at a minimum either
a social worker in consultation with CPS or CPS directly because
most health care providers are unable to determine if a home environment is safe and they rarely have the opportunity to see the
complete social situation. Additional discussants will vary by institution and could include the emergency medicine physician,
trauma surgeon, general pediatrician, or child abuse pediatrician.
It may be useful to include the child's general pediatrician or family care practitioner if they are available for the discussion. If all
agree that discharge is medically safe with an acceptably secure
social situation and verifiably safe home environment (or alternative home environment), then the child may be discharged.
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Figure 5. Western Trauma Association and PTS complete algorithm for the evaluation and management of children with CPA trauma,
page 1. Circled numbers correspond with Figures 1–4 which show each section in greater detail.
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Regardless of findings on skeletal survey, all patients with
suspected abuse on clinical grounds must have a repeat skeletal
survey 2 weeks after the initial examination.33,34 At this point, if

CPS has not been notified, they should be informed in accordance with local regulations, to help ensure that the workup gets
completed and to ensure the safety of the child.

Figure 6. Western Trauma Association and PTS CPA complete algorithm page 2 with detailed annotation corresponding with
references to lettered blocks from page 1.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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AREAS OF CONTROVERSY AND EXISTING
KNOWLEDGE/RESEARCH GAPS
The most significant controversy identified at the WTA
meeting where this algorithm was first reviewed by the membership was an initial recommendation to inform CPS for anyone
who has risk factors identified in section 1. While suspicion alone
is sufficient to justify informing CPS, our team was concerned
that a directive to inform CPS before proceeding further through
the workup pathway may discourage some clinicians from initiating a CPA workup. This led to moving the recommendation to inform CPS to section 4 under disposition and treatment. This does
not preclude informing CPS earlier in the pathway based on high
concern and clinical judgment.
Past negative experience with CPS and potential harm to a
reported family were the two most common reasons providers
chose not to report suspicion of CPA.35,36 However, education
on screening for CPA results in increased reporting, suggesting
this guideline will serve to support the decision in situations where
a child is at tangible risk.34,35 All states, Washington, DC, and the
US territories mandate reporting suspected child abuse. Trauma
programs should establish good working relationships with their
local CPS agencies, pediatricians, pediatric emergency medicine
providers, pediatric surgeons, and child abuse pediatricians where
such expertise is available to facilitate reporting and monitoring
for suspected abuse across the continuum of care. Clinicians must
become familiar with the legal statutes and standards regarding
CPS notification where they practice.
Section 2 includes a potential pathway for patients who
are newly diagnosed with a coagulopathy based on this evaluation. While bruising is most often a very concerning finding for
CPA, in rare cases, it can also be the first presentation of a previously undiagnosed coagulopathy for a child with no family
history of coagulopathy. In this pathway, if a child has bruising
that can clearly be explained by a publicly witnessed (independently verifiable by a nonrelated witness) injury or coagulation
disorder, and consensus is reached by the multidisciplinary team,
the child may exit the pathway and proceed to a formal pediatric
hematology evaluation. The studies behind the torso, ears, neck- 4
bruising clinical decision rule excluded patients with known coagulopathy and makes no mention of newly diagnosed coagulopathy.9,10 This is presumably due to the confounding nature of
coagulopathy as a condition that makes people more prone to
bruising from activities that may not cause bruising in those without coagulopathy, a concept supported by evidence.37
Despite this concern, child abuse is more common than
pediatric coagulation disorders, with the most common, Von
Willebrand disease, occurring in roughly 1% of the population.38 In addition, a child can have a coagulation disorder and
be the victim of child abuse at the same time. The new diagnosis
of a coagulation disorder does not rule out abuse as an explanation for recurrent bruising or bleeding. This part of the pathway
is not meant to provide an opportunity to dismiss concerning injuries and bruising but to make clinicians aware that CPA in the
setting of a coagulation disorder can make the diagnosis more
challenging.
Including cardiac troponin I as a recommended laboratory
investigation was also controversial. Troponin, a protein complex involved in muscular contractions only present in skeletal
648

and cardiac muscle, is widely used a biomarker for cardiac muscle injury in diagnosing myocardial infarction. Serum cardiac
troponin levels have been proposed as a possible test to determine if myocardial contusion has occurred following blunt chest
injury but were found initially to be of low sensitivity and predictive value.39 In recent years, however, enough studies have had
encouraging results for troponin I's role as a biomarker in chest
trauma for the Eastern Association for the of Surgery of Trauma
to recommend its use in their blunt cardiac injury screening guideline, albeit as a level III recommendation supported by data but
lacking scientific evidence.40,41 This guideline recommends considering troponin I levels based on experience in certain populations of abused children who retrospectively were found to have
greater likelihood of elevated values because of presumed occult
blunt cardiac injury.16,18 In this setting, it may be helpful in defining the overall extent of a child's injuries. It may not necessarily
lead to a management change but may add forensic value.
Some colleagues felt that the mandate to obtain head CT
scans in all children proceeding through the algorithm younger
than 6 months would lead to excessive radiation. Children are
known to be more radiation sensitive than adults. Computed tomography scans are believed to provide significantly higher radiation doses than plain radiographs, and some have extrapolated
that to imply an increased lifetime cancer risk.42 While any study
based on ionizing radiation adds potential risk, in a contemporary
report looking at radiation dosing for CPA imaging, the effective
dose from a head CT scan was estimated to be equivalent to a
skeletal survey and was recommended for all children undergoing
abuse workup younger than 1 year regardless of neurologic findings.43 Clinicians who are concerned about imaging-related radiation should address these concerns with their radiologist and
ensure that institutional imaging protocols are vetted by a pediatric radiologist and adhere to “as low as reasonably achievable”
principles and tenets outlined by the Image Gently campaign,
an independent organization dedicated to safe pediatric imaging.44
The role of magnetic resonance imaging as a screening modality in
AHT and a radiation-free alternative to CT remains unclear and is
identified on Table 1 as a research gap.
Beyond the radiation safety concerns of mandating head
CTs for all children younger than 6 months, the evidentiary basis
is significant and is consistent with American College of Surgeons Trauma Quality Improvement Program guidelines.1 The
American College of Radiology advises clinicians to have a low
threshold for performing neuroimaging in children with suspected
intentional injury, particularly in infants younger than 12 months.23
Abusive head trauma has the highest incidence under a year of
age and peaks around 2 to 3 months but steadily diminishes
thereafter.30 Factoring this into our recommendation, our guideline limits mandatory CT to infants younger than 6 months and
provides clinical guidance for which children older than 6 months
to image. Not mandating head CT in all children younger than
1 year is an attempt to strike a balance that would have high yield
for the most at-risk and least verbal population while allowing
clinical judgment for older infants and children so as to minimize
excessive imaging. Ideally, there would be a validated decision tool
to decide which child without clear neurologic signs should undergo
neuroimaging, but unfortunately, the ideal tool does not yet exist.
The Pediatric Brain Injury Research Network (PediBIRN)
group has devised a clinical prediction rule to determine risk of
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Top Identified Knowledge and Research Gaps Related
to CPA Trauma
Algorithm
Section

Topic or Research Gap

1. There are no standardized international definitions of child
All
abuse to refer to in research
2. There are no validated overall screening tools that focus on 1 (Fig. 2, box B)
history “red flags”
3. There are no validated screening tools for skeletal or
1, 2, 3
abdominal injuries
4. There is insufficient evidence to define the precise age
3
group that should undergo mandatory head CT scanning
in absence of clear neurological findings
5. There is insufficient evidence on the role of different
3
radiologic screening approaches and using other modalities,
such as MRI in the evaluation of suspected abusive head
and cervical spine trauma
MRI, magnetic resonance imaging.

AHT, which applies to children already admitted to a pediatric
intensive care unit and includes cross-sectional neuroimaging
findings among its criteria.45 The Pittsburgh Infant Brain Injury
Score (PIBIS) was developed to determine the utility of neuroimaging to diagnose AHT in infants who present with non-specific
symptoms.23 The PIBIS is a score generated from four factors:
any dermatologic abnormality (2 points), age 3 months or older
(1 point), head circumference of >85th percentile (1 point), and
serum hemoglobin level of <11.2 g/dL (1 point). When the score
is 2 or greater, the sensitivity of neuroimaging was 93% and the
specificity was 53%. The PIBIS scoring system is very useful
for patients presenting with a brief resolved unexplained event
or nonspecific symptoms who may not have enough red flags
or risk factors to necessitate a CPA workup according to this algorithm. It may apply to this guideline to help decide which infants 6
to 12 months of age may benefit from head CT when symptoms
do not suggest clear neurologic injury. The PIBIS' usefulness is
limited because it has not been validated in infants younger than
1 month and those who present with a history of trauma. Further
research is required to develop a decision rule that helps decrease
CT scanning to as few children as possible but still maintain optimal sensitivity and specificity in diagnosing AHT.
The final noteworthy controversy regarded the recommendation in section 4 to consider transfer to a pediatric hospital for
children requiring hospitalization. This guideline will hopefully
serve clinicians who work in all possible health care settings. A
recent study found that more than 70% of children who require
hospitalization in the United States are admitted to general hospitals, rather than children's hospitals.46 The pediatric-specific
resources in these institutions are highly variable and in some
cases may not be optimal to care for an injured child and their
family. When resources are not optimal, it is recommended
to consider either teleconsultation to obtain specialty services
and expertise or, in some situations, transferring the child to an institution that has more optimal pediatric resources and capabilities. The decision to transfer a child is complex and must factor
in the child’s medical needs, institutional capabilities, as well as
the logistical challenges for family and accompanying care providers that result when moving a child a significant distance from
their home and support structure.

It is also important to note that there are some areas of this
algorithm that lack high-quality evidentiary support and where
further focused research is required. Table 1 provides a list of
the most important specific topics or existing research “gaps” related to this topic that were identified by the authors during the
development of this algorithm.

SUMMARY AND CONCLUSIONS
In summary, CPA remains a significant public health concern that requires clinicians to discover the true nature and extent
of injury despite an unclear or potentially misleading history
presented by the patient or care provider. Most clinicians are
comfortable managing the injuries but have discomfort around
the decision of who should or must be evaluated for CPA and reported to CPS and the secondary trauma that might be incurred
by themselves and the family if their suspicions are incorrect.
The WTA and PTS present this evidence-based guideline that
focuses further workup, as well as need for CPS notification,
for children who meet evidence-based and validated criteria on
history, physical, laboratory, and imaging findings. While this
guideline is based in part on specific evidenced-based tools
(such as TEN-4 FACES-p) that have a documented sensitivity
and specificity associated with the particular tool, the overall
guideline does not. This guideline represents an expert opinion
consolidation of the best available data, but as such, there are
no studies available to answer the question of the risk of a false
negative until the guideline can be studied prospectively. Knowledge gaps remain for consensus definitions, validated screening
tools, and neuroimaging guidelines for children younger than
1 year. This guideline should be used to support clinical decision
making and, in particular, the decision to notify CPS of an abuse
concern. Clinicians are encouraged to contact their local CPS
staff, have a conversation, and establish a working relationship
so that notification results in a level of response commensurate
with the level of concern and does not inhibit reporting.
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