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Introduction
Traumatic brain injury (TBI) is the leading cause of mor-
bidity and mortality in children and adolescents in the 
US. Even mild TBIs in children are a serious problem, 
threatening pediatric health and exacerbating the social 
and economic burden.1-4 Sports related TBI in children 
has garnered significant attention recently but data 
regarding non-sports related TBI is sparse. Identification 
of delayed sequelae will shed light on the area of treat-
ment options related to seemingly mild TBI. We have 
previously examined the epidemiology of self-reported 
neurologic and neuro-psychiatric symptoms in pediatric 
patients with mild TBI within 14 months’ post-injury. We 
found that headaches (39.4%), anxiety (30.3%), fear 
(18.2%), and anhedonia (18.2%) were the most fre-
quently reported symptoms.2 A literature review con-
ducted at the School of Nursing at the University of 
Pennsylvania has concluded that upon pediatric head 

injuries, providers should ensure that patients undergo 
psychological screening and early intervention.5 They 
declare that their review implies that new onset disorders 
of mood, personality, anxiety, or stress related disorders 
can emerge as an immediate consequence or even 
develop several years later.5 This paper however did not 
specify the initial degree of injury as mild, moderate, or 
severe. We were interested in looking at longer periods of 
time post injury after mild TBI in children (age <15 years) 
to see if the sequelae persisted for longer periods of time. 
We found in our search of the literature that data on 
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Abstract
Delayed sequelae from mild traumatic brain injury (Glasgow Coma Score at admission >13, TBI) has been 
documented in case reports however larger studies of these effects are sparse. We undertook a telephone based 
survey to assess the long term sequelae of TBI. We tracked 100 pediatric TBI patients via our trauma registry for 
demographic data including age, injury severity, and mechanism of injury. Then we proceeded to contact these 
patient’s parents via telephone. We asked regarding residual symptoms and signs of concussive injury.

Duration out from initial concussive injury ranged from 4 to 68 months. The parents of 66 boys and 34 girls 
were surveyed. The age of the patients at the time of mild TBI ranged from 1 to 14 years. The injury severity score 
ranged from 1 to 21. One being the most common Injury severity score. Thirty-three percent of patients had 
residual effects of concussion at the time of telephone survey. Fourteen percent had memory loss issues, 21% had 
anxiety/depression issues, 20% had learning disability issues, and 15% had sleep disturbance issues. Duration of time 
post concussive injury, mechanism, and age did not influence incidence of sequelae. Mild traumatic brain injury has 
significant long term sequelae. Better identifying characteristics are needed to characterize patients susceptible to 
long term residual effects of concussion.
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patients that had seemingly innocuous TBI (mild TBI) is 
lacking. Our hypothesis was that significant sequelae are 
present in our pediatric patients that suffer, non-sports 
related, seemingly mild TBI.

Materials and Methods

We queried out trauma registry at our ACS verified urban 
pediatric level 2 trauma center for all patients under the 
age of 15 who came to our emergency department 
between 2015 and 2019 with a head injury and were sub-
sequently diagnosed with mild Traumatic Brain Injury 
(TBI) and admitted. Electronic medical records were 
reviewed to obtain demographic data which included 
age, gender, Injury Severity Score (ISS), Abbreviated 
Injury Score for the head region (AIS-H), hospital length 
of stay, intensive care unit length of stay, mechanism of 
injury, revised trauma score (RTS), admission Glasgow 
coma score, admission vital signs, and any pre-existing 
conditions as well as other injuries present at the initial 
presentation. Contact phone number was also obtained 
for both the minor patient and legal guardian. A tele-
phone questionnaire was then developed based on previ-
ous published investigations, and our own previous 
experience (Figure 1). The legal guardian for each patient 
or the patient was contacted by 1 researcher (B.K.) to 
complete the surveys. The guardian or patient was 
explained in detail that the trauma section from our insti-
tution was doing a follow up survey on the injury which 
was suffered as noted in our records. Their participation 
was purely voluntary, and this was part of a performance 
improvement project to better understand self-reported 
long-term effects of concussive injury. We separated the 
patients by number of months’ post injury, age at the time 
of injury, and mechanism of injury to better appreciate 
the complications post injury. After completion of the 
surveys, we de-identified the data and performed a one-
way analysis of variance (ANOVA) of complications 
with age at admission broken down into 3 groups (A = 
age 0-5, B = age 6-10, C = age 11-14), time from injury 
to survey broken down into 7 groups by number of 
months post injury (A = 0-10 months, B = 11-20 months, 
C = 21-30 months, D = 31-40 months, E = 41-50 months, 
F = 51-60 months, G = 61-70 months), and mechanism 
of injury broken down into 3 groups (falls, pedestrian 
stuck, and other mechanisms) using a commercially 
available statistical analysis software package (JMP).

Results

We reviewed 168 charts of patients that were admitted 
and diagnosed in our trauma registry as Mild TBI. 
While we attempted to reach all the patients, we were 
able complete 100 surveys of 34 girls and 66 boys 

with mild TBI. The age at the time of admission ranged 
between 1 and 14 years. The injury severity score 
(ISS) ranged between 1 and 21. The duration of time 
from initial injury to survey ranged from 4 to 
68 months. As for mechanisms of injury, we had 69 
patients suffer from falls, 18 patients that were pedes-
trian stuck and 13 had other mechanisms (Motor 
Vehicle Crashes, bicyclist struck, assault, object 
struck) (Figure 2). Overall, we noted the following 
complicating sequelae in our patients: 33% had some 
residual effect related to TBI. Of the 33%, 21% of 
patients had anxiety/depression issues, 20% had learn-
ing disability issues, 15% had sleep disturbance issues, 
and 14% had memory loss issues (Figure 3). Various 
sequelae at much lower frequency persisted in our 
children after mild TBI, including deficit in hearing, 
alteration in gait, presence of nausea or vomiting, 
migraines, and persistent fatigue. There were no gen-
der related differences in outcome.

A comparison of the groups by time out from injury 
to the persistence of sequelae, did not show any differ-
ence between the 7 groups (Table 1). A comparison of 
groups by age at the time of injury in relation to persis-
tent sequelae failed to show statistical difference 
between the 3 groups (Table 2). There was no associa-
tion between mechanism of injury and persistent 
sequelae of TBI noted. As the vast majority of patients 
had normal GCS and very low ISS there was no associa-
tion between acute injury scores (RTS, AIS-H, ISS) and 
persistent sequelae of TBI. Persistence of sequelae does 
not seem to be associated with pharmaceutical use, 
physical therapy, or duration of bed rest post-trauma as 
our patients noted different approaches post TBI.

Discussion

Almost half a million children 1 to 14 years old suffer 
from TBI each year in The United States. While these 
occur from various mechanisms, the most frequent 
causes are falls, being struck by a motor vehicle, or 
abusive injuries.6 Mild TBI is often accompanied 
by long term behavioral and neuropsychological 
defects.2,7 Mild TBI usually occurs with head trauma 
due to contact and/or acceleration or deceleration 
forces. The type of mechanical forces may determine 
the nature of the resultant injury.8 What effect this 
injury has on the developing brain is unclear.9 Despite 
the fact that mild TBI seems to be associated with sig-
nificant morbidity, there is very little data in the litera-
ture on long term sequelae related to mild traumatic 
injury unrelated to sports injuries. An interesting study 
by Manley et al10 reviewed potential long-term effects 
of sports related concussion looking at sequelae 
10 years after injury. However, this was inclusive of 



Chendrasekhar et al 3

Figure 1. Telephone survey questionnaire.
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professional athletes as well as high school athletes. It 
was also not specific regarding exact type of concus-
sive injury. It did find that some former athletes in 
contact, collision, and combat sports suffer from 
depression and cognitive deficits later in life, and 
there is an association between these deficits and a 
history of multiple concussions. This would suggest 
that children with mild TBI would be at such risk with 

repetitive injury. The exact relationship with the repet-
itive injury and progression to chronic traumatic 
encephalopathy is unclear. Our review of the current 
literature did not show any article regarding children 
that was similar to this paper.

Our current study focused on TBI occurring from 
non-sports related injuries, and long-term sequelae 
related to TBI. In this study we extended our data to a 
period of time much further than our previous study 
which went only to 14 months’ post injury. Weaknesses 
of our study are that we are unable to verify pre-existing 
mental conditions even though we asked about pre-
existing issues, and as our survey was self-reported, we 
are unable to formally attach a diagnosis to our patients. 
With regard to pre-existing neurologic issues prior to the 
mild TBI, we were unable to find any such issues in our 
patient population. We found once again that persistent 
sequelae are present after seemingly innocuous TBI. 
Unlike our previous study which showed persistence of 
headaches, this study shows a persistence of anxiety and 
depression which once again suggest post-traumatic 
stress disorder (PTSD). As suggested in our previous 
paper, learning disabilities and memory loss are very 
problematic to patients and families. Since the persis-
tence of neuropsychiatric issues beyond 5 years is  
significant in our population, perhaps routine neuro-
psychiatric testing of all patients with mild TBI should 
be considered. Because we identified many patients 
with long term sequelae, we were able to guide them to 
our neurology colleagues to follow up and address these 
issues. Unfortunately, due to the retrospective and self-
reported nature of our study no association between ini-
tial data and persistent sequelae was found. Further 
studies looking at non-sports related mild TBI are 
needed with specific data looking into objective data on 
neuro-psychological issues. Mild TBI clearly has a pro-
found long-term impact on the developing brain. We 
also understand that comparing issues such as anxiety 
in a child aged 4 may not be comparable to a child of 
age 14. We made the assumption that, as the survey was 
being answered by the parent or guardian, we could 

Table 1. Duration of Time From Injury to Survey 
Association With Persistent Sequelae of TBI, All Groups 
Were Compared to All Other Groups, Univariate Analysis.

Group
Months 

from injury
Number of 

patients

% of patients with 
persisting sequelae

mean ± SEM P value

A 0-10 15 40 ± 12 n.s.
B 11-20 15 26 ± 12 n.s.
C 21-30 14 43 ± 12 n.s.
D 31-40 17 22 ± 11 n.s.
E 41-50 17 35 ± 11 n.s.
F 51-60 14 45 ± 14 n.s.
G 61-70 8 38 ± 17 n.s.

Abbreviations: SEM, standard error of the mean; n.s., not significant.

Table 2. Age at the Time of Injury Association With 
Persistent Sequelae of TBI.

Group
Age 

(years)
Number of 

patients

% of patients with 
persisting sequelae

mean ± SEM P value

1  0-5 52 33 ± 6 n.s.
2  6-10 27 30 ± 9 n.s.
3 11-14 21 38 ± 10 n.s.

Abbreviations: SEM, standard error of the mean; n.s., not significant.

Figure 2. Mechanisms of injury.

Figure 3. Predominant residual effects related to mild  
TBI %.
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make a general comparison. We also did a statistical 
analysis between each of the age groups (age 1-14) and 
because our numbers were small, we found no differ-
ence, hence we decided to combine age groups so as to 
look for any difference, which was also not present. The 
earlier identification and more detailed analysis of 
patients at risk may yield better outcomes in child with 
mild TBI. We conclude that significant sequelae are 
present in our pediatric patients that suffer, non-sports 
related, seemingly mild TBI.
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