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Pediatric traumatic brain injury (TBI) is a growing health concern, with over half a million TBI-related emergency department (ED) visits annually. However, this is likely an underestimate of the true incidence, with many children presenting to their pediatrician. The Centers for Disease Control and Prevention (CDC) published a guideline on the diagnosis and management of pediatric mild traumatic brain injury (mTBI). We outline key points and a decision checklist for pediatricians based on this evidence-based guideline.

Keywords: guideline, concussion, traumatic brain injury, concussion diagnosis, concussion management

BACKGROUND

Pediatric traumatic brain injury (TBI) is a growing public health concern. In 2013, there were an estimated 641,935 TBI-related emergency department (ED) visits, 17,930 TBI-related hospitalizations, and 1,484 TBI-related deaths among children aged 0–14 years in the United States (1). These data underestimate the true burden as the majority of pediatric patients with a mild traumatic brain injury (mTBI), which includes concussion, may seek care from an outpatient clinic or not seek care at all. In a study of point of entry within the Children's Hospital of Philadelphia system, Arbogast et al. found that 82% of patients had their first concussion-related visit within primary care, with only 12% entering care through the ED (2). With legislation in all 50 states requiring evaluation or diagnosis prior to return to play after a sports-related mTBI in children and adolescents, pediatricians may see a growing number of children in their offices with such injuries. These statistics point to the necessity of evidence-based recommendations for pediatricians. While mTBI guidelines are available for use in the adult population, comprehensive evidence-based guidelines for the diagnosis and management of pediatric mTBI have not been developed in the United States (3).

THE CDC GUIDELINE ON DIAGNOSIS AND MANAGEMENT OF MTBI AMONG CHILDREN

The Centers for Disease Control and Prevention (CDC) released evidence-based clinical recommendations on the diagnosis and management of pediatric mTBI. The CDC Guideline on the Diagnosis and Management of Mild Traumatic Brain Injury Among Children offers practical recommendations for pediatricians (and other specialties) to improve outcomes of children 18 years of age and younger. CDC used a broad clinical and functional definition of pediatric mTBI; that is, studies informing the Guideline included children described in the literature as having an mTBI by historical definitions, encompassing Glasgow Coma Scale scores of 13–15 with or without the complication of intracranial injury on neuroimaging, and regardless of the potential need for a hospital admission and/or neurological intervention (3). The Guideline provides: (1) diagnostic recommendations regarding the utility of head imaging, symptom scales, cognitive testing, and biomarkers; (2) prognostic recommendations that focus on counseling, assessing history, and risk, tools to track recovery, and interventions for patients with poor prognosis; and (3) management and treatment recommendations that focus on education, counseling, emotional support, return to activity and school, and management of specific symptoms.

The Guideline was developed through a rigorous federal advisory scientific process with expert input from a wide variety of perspectives (clinical providers, researchers, patients) and specialties (pediatrics, neurology, emergency medicine, sports medicine). Clinical questions were identified, and a systematic review of the literature was conducted. Evidence was rated using a modified Grading of Recommendation Assessment Development and Evaluation (GRADE) approach and used to inform recommendations on the diagnosis, prognosis, and management of mTBI in the context of scientific principles, related evidence, and expert inference.

The Guideline puts forth 19 sets of recommendations organized by clinical focus area. Recommendations are categorized by obligation (must, should, may) addressing the following topics: imaging, symptom scales, cognitive testing, the use of standardized testing for diagnosis, relevant history, and risk factor assessment, monitoring after injury, counseling regarding prognosis, and referral for further treatment. In this Perspective, we highlight recommendations from the CDC Guideline that are deemed to be the most relevant for the practicing pediatrician, prioritized by CDC for dissemination. In particular, we emphasize recommendations that apply to longer-term symptom management and return to activity, such as to school and sports, for pediatricians who not only see children at an initial visit for diagnosis, but also engage in regular follow-up—which can be uniquely different from other providers, such as emergency medicine practitioners. See Figure 1 for a checklist for providers on steps to take in diagnosing and managing mTBI in children.
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FIGURE 1. Checklist for diagnosing and managing mild traumatic brain injury (mTBI) in children.



KEY RECOMMENDATIONS FOR PEDIATRICIANS

Diagnosis and Management

Many tools to assess mTBI symptoms, prognosis, and recovery exist, but few are validated in the pediatric population, and none should be used in isolation. Initial evaluation consists of a combination of thorough history including screening for known risk factors for poor prognosis and the use of validated and age-appropriate tools for diagnosis. CDC recommends that this include a validated, age-appropriate symptom rating scale as a component [e.g., Post-Concussion Symptom Scale from ImPACT (4), Health Behavior Inventory (5), Post-Concussion Symptom Inventory (6); see Figure 1]. The use of computerized cognitive testing (e.g., ImPACT) may be helpful as an adjunctive test for diagnosis, but should not be used in isolation. A combination of tools may be useful in assessing recovery including validated symptom scales, cognitive testing, and balance testing. Going beyond the specific tools recommended in the Guideline, the National Academies report on sports-related concussions in youth provides additional information about tools that are available for use in the sport context (e.g., the Sport Concussion Assessment Tool for the sideline evaluation of athletes) (7). Clinicians can base selection of symptom rating scales and tools on the age of the child or adolescent being assessed, as well as the context of the injury. For example, Gioia et al. provide a review of clinical tools and symptom scales that are particularly useful for assessing student-athletes in the sports context (8).

Once the diagnosis of mTBI is made, pediatricians should counsel the child and his/her family that the majority (70–80%) of children recover within 1–3 months without difficulty. Education for the child and his/her family should include warning signs of more serious injury, how to prevent further injury (e.g., gradual return to activities), how to monitor symptoms, management of recovery through rest, and instructions on returning to cognitive and physical activity/recreation. By providing education and reassurance, one may avoid prolonged symptoms. Figure 1 provides further guidance on information to provide patients and their families (see Counsel step).

Pediatricians should recommend a brief period of rest (2–3 days) from physical and cognitive activities, which may be followed by symptom-limited activity. Too much rest beyond this period may worsen a child's symptoms and prolong recovery. Cognitive activity should be reintroduced gradually followed by physical activity, both of which should follow a gradual return to learn or play protocol with close monitoring for exacerbation of symptoms. A child may return to full pre-injury activity when symptom-free at rest and with stepwise progression of physical exertion. Active recovery may decrease the presence of post-concussive symptoms in those children who have prolonged symptoms (3). Symptomatic treatment for headache may include non-opioid analgesics such as acetaminophen or ibuprofen.

When to Refer for Imaging

CDC recommends that pediatricians should not routinely image a child presenting with suspected mTBI (see Assess step in Figure 1). Rather, clinicians should use validated clinical decision rules to determine the need for imaging based on factors that increase risk for injury (e.g., age < 2 years, vomiting, loss of consciousness, severe or worsening headache, amnesia), and counsel the patient and family regarding the risks associated with imaging. However, pediatricians should refer a child for imaging if the presenting symptom is severe headache with additional risk factors or worsening headache for imaging to assess for possible intracranial injury. There is moderate risk for a clinically important intracranial injury (e.g., hemorrhage) when a child presents with a mild injury (Glasgow Coma Score 13–15) and a severe or worsening headache. Validated clinical decision rules can help to identify those children at higher risk for a clinically important intracranial injury, and who should be referred for head CT (see Figure 1 for factors that assist in determining need for imaging) (9).

When to Refer for Further Treatment

If symptoms do not resolve within 4–6 weeks, further assessment and intervention may be needed. There may be risk factors present for prolonged symptoms; these can be identified when obtaining the patient's past medical and family history. Children who have a history of TBI, neurological, or psychiatric disorder, learning difficulties, or family or social stressors may be at risk for delayed recovery. Pediatricians may use validated prediction rules that combine information about such risk factors to identify children at highest probability for persistent symptoms (see Figure 1 for factors associated with delayed recovery). These children and their families may be counseled accordingly, and may warrant earlier referral to a specialized clinic for close follow-up.

The majority of children will return to baseline within 1–3 months. Persistent symptoms may require specialized intervention. Children with persistent vestibulo-oculomotor dysfunction may benefit from vestibular rehabilitation. Persistent cognitive impairment should also be treated with specific consideration of the presumed etiology. Formal neuropsychological evaluation may help in determining the etiology and appropriate treatment (see Refer step in Figure 1).

CONCLUSION

CDC offers tools to assist providers in implementing the Guideline recommendations in clinical practice, as well as in assisting children in returning to activity/play and school. The CDC HEADS UP materials for healthcare providers (www.cdc.gov/headsup/providers) includes free online training with continuing education credits available, as well as the provider checklist, diagnostic and assessment tools, discharge instructions, and guidance on return to play and return to learn protocols (10). Integration of recommendations using prompts and alerts within the electronic health record could also assist pediatricians with implementation at the point of care, particularly with return to learn and return to play recommendations (11).

AUTHOR CONTRIBUTIONS

MC and TH drafted the initial manuscript, and reviewed and revised the manuscript. AG reviewed and revised the manuscript. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

ACKNOWLEDGMENTS

Thank you to Kelly Sarmiento, MPH for her guidance and support through the Guideline development process and her strategic efforts to facilitate implementation of the recommendations. We also thank the following individuals for providing feedback on the provider checklist: Angela Lumba-Brown, MD, Christopher Giza, MD, Keith Yeates, Ph.D., ABPP-CN, Stacey Suskauer, MD, David W. Wright, MD, FACEP, Michael Turner, MD, Gerard A. Gioia, Ph.D., and Ed Benzel, MD.

ABBREVIATIONS

CDC, Centers for Disease Control and Prevention; TBI, traumatic brain injury; mTBI, mild traumatic brain injury; ED, emergency department; CT, computed tomography.

REFERENCES

 1. Taylor CA, Bell JM, Breiding MJ, Xu L. Traumatic brain injury-related emergency department visits, hospitalizations, and deaths – United States, 2007 and 2013. MMWR Surveill Summ. (2017) 66:1–16. doi: 10.15585/mmwr.ss6609a1

 2. Arbogast KB, Curry AE, Pfeiffer MR, Zonfrillo MR, Haarbauer-Krupa J, Breiding MJ, et al. Point of health care entry for youth with concussion within a large pediatric care network. JAMA Pediatr. (2016) 170:e160294. doi: 10.1001/jamapediatrics.2016.0294

 3. Lumba-Brown A, Yeates KO, Sarmiento K, Breiding MJ, Haegerich TM, Gioia GA. Centers for disease control and prevention guideline on the diagnosis and management of mild traumatic brain injury among children. JAMA Pediatr. (2018) doi: 10.1001/jamapediatrics.2018.2853

 4. Schatz P, Pardini JE, Lovell MR, Collins MW, Podell K. Sensitivity and specificity of the ImPACT Test Battery for concussion in athletes. Arch Clin Neuropsychol. (2006) 21:91–9. doi: 10.1016/j.acn.2005.08.001

 5. Ayr LK, Yeates KO, Taylor HG, Browne M. Dimensions of postconcusive symptoms in children with mild traumatic brain injuries. J Int Neuropsychol Soc. (2009) 15:19–30. doi: 10.1017/S1355617708090188

 6. Schneider J, Gioia G. Psychometric properties of the Post-Concussion Symptom Inventory (PCSI) in school age children. Dev Neurorehabil. (2007). 10:282.

 7. Institute of Medicine (IOM) and National Research Council (NRC) (2014). Sports-Related Concussions in Youth: Improving the Science, Changing the Culture. Washington, DC: The National Academies Press.

 8. Gioia GA, Schneider JC, Vaughan CG, Isquith PK. Which symptom assessments and approaches are uniquely appropriate for paediatric concussion? Br J Sports Med. (2009). 43(Suppl 1):i13–22. doi: 10.1136/bjsm.2009.058255

 9. Kuppermann N, Holmes JF, Dayan PS, Hoyle JD Jr, Atabaki SM, Holubkov R, et al. Identification of children at very low risk of clinically-important brain injuries after head trauma: a prospective Cohort study. Lancet (2009) 374:1160–70. doi: 10.1016/S0140-6736(09)61558-0

 10. Centers for Disease Control Prevention,. CDC HEADS UP for Providers. (2018). Available online at: https://www.cdc.gov/headsup/providers/index.html (accessed March 7, 2018).

 11. Arbogast KB, Curry AE, Metzger KB, Kessler RS, Bell JM, Haarbauer-Krupa J, et al. Improving primary care provider practices in youth concussion management. Clin Pediatr (Phila). (2017) 56:854–65. doi: 10.1177/0009922817709555

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Choe, Gregory and Haegerich. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
’ frontiers
in Pediatrics

What Pediatricians Need to Know
About the CDC Guideline on the
Diagnosis and Management of
mTBI









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





OPS/images/fped-06-00249-g001.gif





