Research Summary and References
Support for the Toolkit
TOOLKIT
This toolkit, and specifically the Concussion Management Protocol, were developed based on the
research summarized below. The research supports educating practitioners (rationale for the Reference
section), properly evaluating, monitoring and referring patients (rationale for the In‐Office section) and
properly educating those with mTBI/ TBI (rational for the Send‐Home sections).

CHILDREN:
Healthcare providers outside hospitals are on the front lines:
Most (82%) of those 0 to 17 years will seek initial care with their primary care physician (Arbogast, et al.,
2016). Since most of our incidence data comes from Emergency Department’s (ED’s), we are significantly
underestimating the extent of the TBI issue (Study included over 8,000 patients).

The very young are frequently not diagnosed or treated:
The newest pediatric mTBI guidelines recommend using an age‐appropriate validated concussion scale
(Lumba‐Brown, et al., 2018), but one does not exist yet that focuses on children five and under. We
must look for additional signs in children five years and under. For this age range, parents endorse the
typical symptoms from the ACE, but in answer to an open‐ended question, 82% also reported additional
symptoms (Suskauer, et al., 2018), including:
Appetite changes
Behavioral dysregulation
Decreased engagement
Disrupted sleep

Bladder incontinence (Enuresis)
Increased dependence
Stomachaches

The study also concluded that it is important to monitor behavior dysregulation over time. At first,
parents saw disengagement, and then behavior dysregulation emerged and persisted. Behavioral
dysregulation was among most commonly reported symptoms and was still present at the time of the
evaluation (over one month post).

Children with TBI may develop or have ongoing concerns and should be monitored
(for years):
They are more likely to have a variety of health/academic issues compared to those with no TBI
(Haarbauer‐Krupa, Lee, et al., 2018). The highest prevalence are:
Learning disorders
ADD/ADHD
Speech Language problems

Developmental delay
Anxiety
Bone, joint or muscle problems

Children with mild (Taylor, 2015) and moderate and severe (Schwartz, 2003) injuries are more at risk for
persistent behavior problems. The risk rises with severity of the mTBI and younger age at injury.
Even in children whose injuries were significant enough to show skull or brain tissue damage on imaging,
only one‐fourth received any rehabilitations services afterward and only one‐fourth received a
neuropsychological assessment. None of the children received early intervention or special education
preschool services after their TBI (Haarbauer‐Krupa, Lundine, et al., 2018). This study concludes:
Healthcare providers should provide information to parents on what to watch for and long term
implications.

Healthcare providers should make appropriate referrals at the time of diagnosis.
Referral to rehabilitation can help with transition to preschool.
Another study (Niedzwecki, et al., 2018) concluded that even though children did not receive inpatient
care, some will still benefit from rehabilitation for subsequent problems, including memory and learning
issues (that were not pre‐existing).
This study also found that medical issues at the time of injury, like elevations or depressions of Intra‐
cranial pressure (ICP), unstable blood pressure, unstable oxygenation, delayed nutrition or seizures, can
impact the child’s IQ at 12 months.
The study’s recommendation for trauma treatment is that rehab services be included early in
the continuum – this would include consultation early in the ICU or acute care settings
and referrals to an outpatient concussion clinic.
In the first year after injury, a substantial portion of children with moderate or severe TBI have unmet or
unrecognized healthcare needs, with cognitive services being most frequent among these. Because of
this finding, the authors recommended that cognition be screened in the primary care setting (Slomine,
et al., 2006).
Reason for unmet needs:
Lack of a physician’s recommendation
or referral
Not provided in the school settings

Failure of parent follow‐up
Cost

Children with all levels of impairment had educational needs, while those with less severe injuries were
at greater risk of being underserved (Kingery, et al., 2017).
Earlier age at time of injury produces more functional impairment (Taylor, et al., 2015). The more severe
the injury and the younger age at injury, the greater the need for monitoring and follow up (Anderson,
Catroppa, Dudgeon, 2006; Anderson, Catroppa, Haritou, 2006).

On the first visit, provide educational materials, accommodations for return to school
and recommend a follow up visit (at which time appropriate referrals can be made):
Many children did not even visit a healthcare provider in the year following their injury
(Slomine, et al., 2006).

Ongoing family support is important:
Family support is important because those with family dysfunction/poor coping, the child had greater
dysfunction (Schwartz, 2003; Anderson, Catroppa, Dudgeon, et al., 2006; Taylor, 2008).
Families also reported needing information, emotional support and access to community‐based services
(Jones, 2017).

Schools need the support/recommendations of healthcare providers:
Teachers are not adequately trained to identify brain injuries and issues related to them (Davies, et al.,
2013).
On specialized testing, children with TBI tend to show specific patterns of deficit that will not be
revealed through standard special education testing. A neuropsychological evaluation will pick up these
patterns. In a study of mild complicated TBI (with orthopedic controls), children who were injured
before age 6 and were about 5 years post injury were tested. Both groups were within normal limits on
most cognitive, language and reading measures; but they had some differences in verbal IQ, receptive

language and reading comprehension. The biggest differences were in pragmatic language (which leads
to social issues), story retell, and word fluency (Haarbauer‐Krupa, King, et al., 2019).
Schools will not provide all of what a child needs (Niedzwecki, 2018). Schools are only required to
provide those services that directly relate to academics.
The gap in academic achievement widens over time (compared with non‐injured classmates) (Ewing‐
Cobbs, 2006; Farmer, 1997; Taylor & Yeates, 2002; Todis & Glang, 2008; Todis, Glang, Bullis, et al., 2011;
Wagner, et al., 2006). So, if children with TBI do not qualify for services at first, they should be referred
again if they continue to have difficulties.
“Children who receive systematic transition services a part of their medical care are more likely to be
identified for specialized support services at school, such as speech therapy (Haarbauer‐Krupa, Ciccia, et
al., 2017).
Use of the ACE tools (screening tool and Care Plan) “increased patient follow‐up and improved recall of
and adherence to ED discharge recommendations (Zuckerbraun, 2014).”

Pediatric Guideline:
Also see the CDC Pediatric Guideline (Lumba‐Brown, et al., 2018) on mTBI in this toolkit for 19 sets of
recommendations, with these 5 key take away points:
1. Do not routinely image pediatric patients to diagnose mTBI.
2. Use validated, age‐appropriate symptom scales to diagnose mTBI.
3. Assess risk factors for prolonged recovery, including history of mTBI or other brain injury, severe
symptom presentation immediately after the injury, and personal characteristics and family
history (such as learning difficulties and family and social stressors).
4. Provide patients and their parents with instructions on returning to activity customized to their
symptoms.
5. Counsel patients and their parents/caregivers to return gradually to non‐sports activities after
no more than 2‐3 days of rest.

Consequences of brain injury for all ages:
Once a person has one brain injury, the risk for another increases, and the risk increases with each
subsequent injury. A person with a brain injury is also more likely to be incarcerated (or involved with
the criminal justice system) (Farrer & Hedges, 2011; Shiroma, et al., 2012; Williams, et al., 2010; Im, et
al., 2014), to have psychiatric issues ((McCarthy, et al., 2006; Kaponen, et al., 2002; Zgaljardic, et al.,
2015), to be involved with substance abuse (Kreutzer, et al., 1996), and to be socially isolated (Morton &
Wehman, 1995; Hawthorne, et al., 2009). Long‐term psychiatric disorders are associated with greater
risk for substance abuse (Zgaljardic, et al., 2015). Prior TBI has been identified as a potential contributing
factor to domestic violence (Romero‐Martinez & Moya‐Albiol, 2013). Not surprisingly, TBI is found in
female victims of domestic violence (Corrigan, et al., 2001).

ADULTS
Follow up and education are important:
Findings from a study (Seabury, et al., 2018) of follow‐up care that was provided to people at 11 Level 1
trauma centers across the country:
Less than half received TBI educational material at discharge or saw a health care practitioner
within 3 months after injury.
Only 27% were called by 2 weeks.
Follow‐up care varied by site, from 19% to 72%.

For those with a positive CT scan, over one‐third had not seen a medical practitioner for follow‐
up.
Even among those with 3 or more moderate to severe post‐concussive symptoms, only about
half saw a medical practitioner within 3 months.
o

Of those that did, 80% reported that it was helpful. The majority saw a general practitioner and
38% saw a neurologist. Only 15% reported visiting a clinic specializing in TBI care.

A few conclusions from the paper:
“Failure to follow‐up with patients could have adverse consequences, as simply providing
educational materials to patients with mTBI is associated with improved outcomes.”35
“Our findings reveal the consequences that may result from the absence of systems of follow‐up
care for patients with mTBI and concussion. They also highlight an apparent lack of appreciation
by many clinicians of the substantial symptom and life burdens experienced by a significant
proportion of patients with injuries labeled mild.”
Use of the ACE tools (screening tool and Care Plan) “increased patient follow‐up and improved recall of
and adherence to ED discharge recommendations (5‐21 year olds) (Zuckerbraun, 2014).”

Unmet Needs:
Poor psychosocial health was reported by a substantial portion in a study at one year post injury
TBI may cause decades lasting vulnerability to psychiatric illness in some individuals. They were most
susceptible to depression, delusional disorders and personality disturbances. This study highlights the
importance of psychiatric follow up even decades (30 years) later (Kaponen, et al., 2002).
Heinemann found unmet needs at 7 years. The most prevalent were improving memory and problem
solving, increasing income and improving job skills (Heinemann, et al., 2002).

Also see the Updated Mild Traumatic Brain Injury Guideline for Adults in this toolkit.

Model of 6 types of concussion and active treatments (pediatric and adult):
There is now a great body of evidence supporting the 6 types of concussion and the active treatments
for each type. A good resource to start with is Concussion: A Clinical Profile Approach to Assessment and
Treatment by Kontos and Collins (2018) and A comprehensive, targeted approach to the clinical care of
athletes following sport‐related concussion (Collins, et al., 2013).
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