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Introduction Besides different imaging modalities to detect intracranial
lesions - such as cranial ultrasound or magnet resonance
imaging (MRI) of the head computed tomography (CT) is still
the Gold standard [4,5]. To avoid radiation exposure, in our

Mild Traumatic Brain Injury (mTBI) in children is one of the
most frequent causes for admission at our level one pediatric
surgery Emergency Department (ED) unit at the Dr. von
Hauner Children’s Hospital, University of Munich, Germany. For
evaluation of mTBI patients different strategies are common in

algorithm (Figure 1) we focus on the clinical neurologic status
[6]. In pediatric patients undergoing radiological examination
after mTBI (using MRI or CT) intracranial injuries were detected
in 4-8% [7,8]. Overall, less than 0.5% of these patients need a
neurosurgical intervention [9-11]. The aim of the study was to
evaluate our modified algorithm in treating children suffering
from mild TBI.

the ED setting [1]. The observation period is still controversial
[2]. Because of the higher radio-sensitivity of children X-ray
exposition should be as low as reasonable achievable because of
the risk of cancer [3].
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Figure 1: Algorithm.
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Methods

267consecutive cases of children presenting to our pediatric
surgery ED during July 2010 and December 2010 with clinical
symptoms of mTBI were analyzed. Clinically important TBI
(ciTBI) was defined as head injury resulting in intubation for >24
h, neurosurgery, intracranial hemorrhage without neurosurgery
or more than two nights of hospitalization for the management

of mTBI in these patients, modified to Schoenfeld et al. 2015
[12].

Type of Intervention: Based on risk stratification of the
clinical signs and symptoms (Figure 1, adapted PECARN
recommendations; [9,13]), we analyzed retrospectively the
feasibility of our algorithm. All children presenting to our ED
in-between July and December 2012 were evaluated for clinical
signs of mild TBI, such as impaired cognition, signs of a skull
fracture, vomiting and hematoma of the scalp. Study setting:
In the pediatric surgery emergency department as a level one
trauma center for children almost 15.000 children <18 years
were treated per year. No ED observation unit is available.
Typically, residents in the fourth to sixth year of training in
pediatric surgery are responsible for the ED. They evaluate
all of the patients and are responsible for their diagnostic and
therapeutic strategies. The adapted PECARN guideline of our
institution is shown in Figure 1 [12,13]. Inclusion criteria were
an accident and consecutive clinical signs of mTBI under the
age of 18 years presenting 13-18 points in the pGCS in the ED.
Pediatric Glasgow Coma Score (pGCS) in the ED between 13 - 15.

Exclusion criterion was a GCS below 13 when presenting first
to our ED. Participants: all patients presenting to our pediatric
surgery ED, Dr. von Hauner Children’s Hospital University of
Munich during July and December 2010. Statistical analyses
were conducted using IBM SPSS Statistics 20.0. All analyses were
realized in a PASW-Matrix (Predictive Analysis Soft Ware, SPSS
Inc). Significance was analyzed with the Pearson’s Chi-square
test (20.0021); statistical significance was set at an alpha level of
p=0.05. All data were irreversibly made anonymous. The study
protocol recently was published Wendling et al. [14].

Results

267 patients with a mean age of 49.3 months (median 33
months) were analyzed. 140 patients were out patients (Group
1) and 127 were in house patients (Group 2). 78% of mTBI
patients in our study did not receive a diagnostic imaging
procedure atall. These patients did not present with pathological
findings in the clinical or neurological examination in the ED
and consequently their risk for a skull fracture with or without
intracranial bleeding was categorized as negligibly low. None
of the 267 cases detoriated into a higher graded TBI during a
follow up period of 6 months. In house patients were more likely
to receive diagnostic imaging procedures (Figure 2; p= <0.05).

There was no pathological finding in the 13 diagnostic studies
performed in the outpatient group.
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Figure 2: Diagnostic procedures (*p=<0.05).
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Out of 54 in house patients, 34 got a diagnostic procedure
(62%), but only 3/54 (5.55%) were evaluated with a CT scan in
this group. Out of all analyzed patients, only 5/267 was analyzed
with a CT scan of the head. This is a CT rate of 1.87% out of 267
patients diagnosed with mTBI, which is extremely low. None of
the in house and outpatients returned after discharge to our
or any other ED, based on the questionnaire [14]. Duration of
the inpatient treatment was analyzed and demonstrated that
patients in our study were hospitalized in 94.3% for one or two
nights. The three hospitalized patients classified as ciTBI in
Group 2 (in patients) were hospitalized for 5-8 days because of
a skull fracture in one case and a skull fracture and intracranial

hemorrhage in two cases. In one of the latter an epidural
hematoma was evacuated. The cCT in all three cases was
performed within an 8-hour period post admission to our ward.

Discussion

Palchak et al. [9] reported that 99% of the children under the
age of 2 years with CT-confirmed intracranial injury could already
be diagnosed by clinical signs and symptoms. The risk to develop
leukemia in childhood is significantly increased by radiological
studies the younger the children are [15-17], especially in the
use of cCT [3]. An investigation by Thomas et al. [6] showed
that the effect of ionizing radiation is underestimated by many
physicians. Otherwise, in children under the age of one year
occurs the highest incidence of skull fractures and intracranial
injuries [18,19].

Based on these findings we adapted our protocol towards
a risk stratification first on the clinical signs and symptoms
(Figure 1). If there were no signs of impaired cognition, signs of
a skull fracture, vomiting and hematoma of the scalp the patients
a CT scan of the head was not considered. For children younger
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than 2 years of age, the risk for an intracranial injury is below
0,02% [10], when there is no loss of consciousness, behavior
is unchanged in the parents eyes, there has been no dangerous
mechanism of injury, no hematoma of the skull and no clinical
sign of a skull fracture [20]. Children older than 2 years have
a risk of 0.05% for an intracranial injury if there is no loss of
consciousness, no vomiting, no headache no clinical sign of a
basal skull fracture and no dangerous mechanism of injury have
been involved [10].

78% of mTBI did not present with pathological findings
in the clinical or neurological examination in the ED and
consequently their risk for a skull fracture with or without
intracranial bleeding was categorized as negligibly low. None of
the 267 cases detoriated into a higher graded TBI during a follow
up period of 6 months. In our algorithm clinical observation
comes before radiologic examination in cases of mTBI. This is in
accordance with the study published by Nigrovic et al. in 2015
[11]. Every hour of clinical evaluation increases the findings on a
CT scan if the children are going to be re-evaluated. Respectively
false negative scans could be diminished. In our study population
we could reduce the frequency of the CT scan in infants and
children suffering from mTBI down to a rate less than 2%. Future
speaking these patients will be clinical evaluated within the ED.
This data lead to a feasible algorithm (Figure 1) and gives the
opportunity to a change in the observation strategies in children
suffering from mild TBI. In a lot of hospitals especially in Europe
the observation period is still at least 48 hours routinely.

Conclusion

We demonstrate that our algorithm is feasible for children
suffering from mTBI. Out of 267patients, none of them showed
deterioration and turned back to our or any other ED because
of neurologic signs of a mTBI (vomiting, altered mental status,
severe headache). Children suffering from mTBI and a GCS 13-
15 benefit from a structured neurological observation. The
main issue in mTBI should be clinical observation. Based on our
data the observation period of 48 hours as performed in many
institutions in Europe is controversial. In Our data indicate for
an observation period less than 48 hours. 12-24 hours could
be enough. Further studies in a multi-center setting should be
performed. Based on these considerations the hospital invoicing
system has to be adopted.
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