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Abstract

Purpose Magnetic resonance imaging (MRI) is a sensitive imaging tool which lacks the burden of ionizing radiation. It is not
established as primary diagnostic tool in traumatic brain injury (TBI). The purpose of this study was to evaluate the usefulness of
MRI as initial imaging modality in the emergency management of mild pediatric TBI.

Methods Children (0-18 years, sub-divided in four age-groups) with mild TBI who received MRI in the emergency
department were identified. Clinical characteristics and trauma mechanisms were evaluated retrospectively. Univariate
and multivariate logistic regression analyses were used to identify clinical factors that might be indicative for trauma
sequelac on MRI scans.

Results An institutional case series of 569 patients (322 male/247 female; age < 18years; (GCS > 13), who received MRI for mild
TBI, was analyzed. Multi-sequence imaging (including T2, T2*, FLAIR, and diffusion-weighted sequences) was feasible
without sedation in 96.8% of cases (sedation, 1.8%; general anesthesia, 1.4%). MRI revealed trauma-associated findings in
13% of all cases; incidental findings were detected in 4.7%. In our cohort, GCS deterioration, scalp hematoma, clinical signs of
skull base fractures, and horseback riding accidents were related to structural trauma sequelae on MRI.

Conclusions MRI is a practical primary imaging tool for evaluating children with mild TBI in the emergency department. The
presented analyses demonstrated that in our institution, MRI imaging is performed frequently in the emergency department. It
resulted mostly in normal findings. This may reflect uneasiness of when to perform imaging in mild TBI and appears retrospec-
tively as an “overdo.” There are clinical factors that are more likely associated with MRI-positive findings. Their reliability has to
be evaluated in prospective studies in order to formulate further decision rules of when to perform MRI imaging or not.
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Abbreviations

BOLD Blood-oxygen-level dependent
CI Confidence interval

CT Computed tomography

DAI Diffuse axonal injury

DWI Diffusion-weighted imaging

EDH Epidural hematoma

FLAIR Fluid attenuation inversion recovery
GCS Glasgow Coma Scale

MRI Magnetic resonance imaging

OR QOdds ratio

SAH Subarachnoid hemorrhage
SDH Subdural hematoma

STIR Short-tau inversion recovery
TBI Traumatic brain injury
Introduction

Traumatic brain injury (TBI) occurs frequently in children
and young adults and is a major cause of mortality and
morbidity [1, 2]. Due to the availability and practicability,
computed tomography (CT) remains the first-line imaging
modality for the evaluation of TBI sequelae. However,
large cohort studies have proven that CT-related ionizing
radiation bears a serious risk to induce malignancies in
children in the long-time course after imaging [3—6]. To
avoid these potentially negative consequences, magnetic
resonance imaging (MRI) is increasingly recognized as an
alternative modality in pediatric TBI [7].

By investigating children who primarily received CT scans
followed by rapid MRI within 48 h, Mehta et al. concluded
that rapid MRI represents a promising imaging technique for
detecting TBI sequelae [8]. This was confirmed by Sheridan
et al. who demonstrated reasonable sensitivity and specificity
of fast MRI sequences to detect brain lesions after trauma [9].
Young et al. demonstrated similar detection rates of intracra-
nial injury by using MRI in non-sedated toddlers compared to
acquisition of cranial CT scans [10]. Buttram et al. reported a
three times higher detection rate of MRI for intraparenchymal
lesions compared to CT scans, including diffuse axonal injury
(DAI) [11]. In all these studies, MRI was used as supplemen-
tary investigation in patients who initially received a CT scan
for TBI evaluation.

Despite the advantages of MRI, this imaging modality is
not used routinely as initial diagnostic tool in the management
ofacute TBI in children. One reason for this is that MRI is still
considered too cumbersome and impracticable in young chil-
dren (German guidelines AWMF “Arbeitsgemeinschaft der
Wissenschaftlichen Medizinischen Fachgesellschaften e.V.*;
http://www.awmf.org/uploads/tx_szleitlinien/024-0181 S2k
Schaedel-Hirn Trauma im_Kindesalter, web link as of
January 10, 2018). Furthermore, there is still no gold
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standard of this imaging modality for detecting TBI-related
pathologies. However, it bears the potential to become the
imaging tool of choice in mild TBI in which there is often
uncertainty about the need of imaging to not miss potential
cranial trauma sequelae. The latter is considered in the current
national guidelines, which recommend cranial imaging and
hospital admission besides others in case of “uncertainty in
regard to behavioral changes of the child by the parents’
impression” (web link as of January 10, 2018).

To address this dilemma, the Pediatric Emergency Care
Applied Research Network (PECARN) provides clinical de-
cision rules in order to identify children who are at low risk for
relevant TBI and in whom imaging, i.e., cranial CT, can be
omitted [12]. Despite these efforts, the use of cranial CT scans
in the setting of mild TBI did actually not decline: Due to the
uncertainty of potentially overlooked TBI sequelae, clinicians
often decide to perform imaging taking the risks associated
with ionizing radiation [5, 6, 13].

Based on the current national guidelines of the AWME,
every patient who was admitted to the emergency department
of our hospital with TBI-related symptoms like severe or
prolonged headaches, vomiting, behavioral changes due to
parents’ or caregivers’ impression (especially in children less
than 24 months of age), or after falls from significant height
(> 1.5 m) or accidents involving high velocity, received crani-
al imaging (AWMEF guidelines; link provided above, and
European guidelines, [14]). To avoid ionizing radiation in pa-
tients younger than 19 years of age, it is the policy of our
hospital to perform MRI as first imaging modality instead of
CT imaging in mild TBI (24 h/day). Because MRI is not an
established tool in this setting, we now sought to investigate
the usefulness of this approach in respect to practicability like
need of sedation and duration of the examination. In this con-
text, we also aimed to identify MRI sequences, which might
be suitable candidates in future standardized protocols. In this
context, indicators that may predict structural trauma sequelae
in MRI imaging and direct clinical decision-making on when
to use cranial imaging in children after mild TBI were statis-
tically analyzed.

Material and methods

Ethical approval was obtained from the Clinical Research
Ethics Board of the Christian-Albrechts-University, Kiel,
Germany (AZ 431/15).

Identification of study groups and clinical data
acquisition

The prospectively maintained electronic databases of our hos-
pital were queried for all patients younger than or at age
18 years who were admitted for mild TBI (GCS 13-15)


http://www.awmf.org/uploads/tx_szleitlinien/024-018l_S2k_Schaedel-Hirn%20Trauma_im_Kindesalter
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(January 2009 to July 2016). Patients who received cranial
MRI as initial imaging modality as part of their emergency
assessment were included in the study. Their charts were
reviewed retrospectively for age, sex, type of injury, clinical
features, further clinical course, and duration of hospital stay.
Headache and amnesia were evaluated in children older than
4 years of age. Children with suspected non-accidental injury
were excluded.

Imaging protocols

MRI of children who were included in the study was re-
evaluated by a neuroradiologist. Examinations were per-
formed on either 1.5 Tesla or 3 Tesla scanners (Achieva;
Philips Healthcare, Best, The Netherlands). Data acquisition
included single-shot sequences, fast sequences, or higher res-
olution sequences as performed in routine protocols.

Protocols included diffusion-weighted images (DWI), T2-
weighted images, FLAIR-images (Fluid attenuation inversion
recovery), and T2*-weighted images or BOLD-images
(Blood-oxygen-level dependent).

In incompliant children, T2-weighted imaging was ac-
quired with single-shot technique. In cases of assumed mid
face injury, additional STIR (Short-tau inversion recovery)-
sequences were performed. In cases with incidental findings,
respective additional sequences were performed.

Statistical analysis

Statistical evaluation was performed by SPSS (version
22; IBM Inc., Somers, NY, USA) and the python pack-
ages Scikit-learn (Pedregosa et al, Scikit-learn: Machine
Learning in Python, JMLR 12, pp. 2825-2830, 2011)
and Statsmodels (http://statsmodels.sourceforge.net/).
For the logistic regression model, we defined the
appearance of any trauma finding on the MRI scan as
the primary outcome measure. We set up a univariate
and multivariate binary logistic regression model to test
the given variables from the acquired clinical data.

Results
Clinical characteristics

Five hundred sixty-nine patients met the inclusion criteria, i.e.,
who received a cranial MRI during primary care in the emer-
gency department of our hospital for mild TBI. Patients re-
ceived imaging in accordance to the current national guide-
lines of TBI management in our country (details are provided
in the introduction). Patient demographics are shown in
Table 1. Clinical characteristics of patients included in this
study are summarized in Table 2. The mean age was 9.45 +
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Table 1 Patient demographics
Variable n (%)
Age groups
0-12 months 13 (2.3)
1-5 years 122 (21.4)
6-11 years 216 (38.0)
1218 years 218 (38.3)
Male sex 322 (56.6)
GCS
13 24 (4.2)
14 27 4.7)
15 518 (91.0)
Mechanism of injury
Fall 261 (45.9)
Sports-related accidents 79 (13.9)
Pedestrian struck 59 (10.4)
Motor vehicle collision 43 (7.6)
Bicycle 39(6.9)
Horseback riding accidents 36 (6.3)
Other 35(6.2)
Assault 17 3.0)

GCS Glasgow Coma Scale

4.43 years with 322 (56.6%) males and 247 (43.4%) females.
Patients were further subdivided into the following age
groups: 0—12 months (13 patients; 2.3%), 1-5 years (122 pa-
tients, 21.4%), 6-11 years (216 patients; 38.0%), and 12—
18 years (218 patients; 38.3%). The GCS was 15 in 91.0%
of'the patients, 14 in 4.7%, and 13 in 4.2%. GCS deterioration
occurred in five cases (0.9%). Seizures occurred in nine cases.
The mean time from presentation in the emergency depart-
ment to imaging took 60 min (median, 48 min; minimum of
10 min and maximum of 194 min).

Trauma mechanisms

The most common trauma mechanisms included falls, espe-
cially in the younger age groups (0—12 months and 1-5 years),
followed by sports-related accidents mostly in the older age
groups (6—12 and 12—18 years). Accidents in which children
were run over or struck by vehicles were also more common
in the older age groups as well as motor vehicle accidents,
bicycle-related accidents, assaults, and horseback riding
accidents.

MRI protocols and sequences
Depending on the MRI findings and the patients’ compliance,

scanning times lasted from 30 s to 35 min with an average of
7:54 min. The standard protocol (T2, FLAIR, T2*, and DWTI)
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Table 2 Clinical characteristics

of the study sample Age groups 0-12 months 15 years 6-12 years  12-18years  0-18 years
n 13 122 216 218 569
% of patient collective 23 214 38.0 383 100
n (%) n (%) n (%) n (%) n (%)
Headache —/— 17 (13.9%) 89 (412%) 102 (46.8%) 208 (36.6%)
Scalp hematoma 8 (61.5%) 52 (42.6%) 77 (35.6%) 60 (27.5) 197 (34.6%)
Loss of consciousness 2 (15.4%) 27 (22.1%) 51 (23.6%) 80 (36.7%) 160 (28.1%)
Vomiting 4(30.8) 32 (26.2%) 48 (222%) 53 (24.3%) 137 (24.1%)
Amnesia —/— 4 (3.3%) 51 (23.6%) 75 (34.6%) 130 (22.9%)
Not acting normal per parents 3(23.1%) 40 (32.8%) 34 (15.7%) 33 (15.1%) 110 (19.3%)
Clinical signs of cranial vault 6 (46.2%) 9 (7.4%) 9 (4.2%) 11 (5.0%) 35 (6.2%)
fracture
Clinical signs of skull base 1 (7.7%) 6 (4.9%) 6 (2.8%) 5(2.3%) 18 (3.2%)
fracture
Seizure 0 (0%) 4 (3.3%) 3 (1.4%) 4 (1.8%) 11 (1.9%)
GCS deterioration 0 (0%) 3 (2.5%) 1 (0.5%) 1 (0.5%) 5 (0.9%)
Focal deficits
Visual impairment 0 (0%) 4 (3.3%) 14 (6.5%) 13 (6.0%) 31 (5.4%)
Motor deficit 0 (0%) 2 (1.6%) 2 (0.9%) 4 (1.8%) 8 (1.4%)
Sensory deficit 0 (0%) 1 (0.8%) 4 (1.9%) 7 (3.2%) 12 2.1%)
Speech disturbances 0 (0%) 1 (0.8%) 1 (0.5%) 1 (0.5%) 4 (0.7%)

in single-shot technique took 2 min, 4 h and 30 min in fast
acquisition technique, and 11 h and 45 min in the routine
protocol. The most frequent MRI sequences performed during
initial imaging included T2-weighted images, performed in
565 patients (99%), diffusion-weighted imaging (DWI) in
547 patients (96%), FLAIR in 546 patients (96%), and T2*-
weighted/BOLD-Imaging in 515/59 patients (91/10%).
Standard protocols are summarized in Table 3.

Fast acquisition technique was used in more than 60% of

the cases. Single-shot technique was only needed in 3% of the
patients, who became uncooperative during the exam. STIR
sequences for detecting midface injuries were performed in 46
patients (8%). Additional sequences that were performed to
further specify MRI findings included T1-weighted images
(43 patients), Time of flight (TOF)-angiography (6 patients),
phase contrast angiography (PCA) (4 patients), MR-

Table 3 Employed MRI

sequences. Age-related counts of Age groups 0-12 months ~ 1-5years  6-12 years 12-18 years ~ 0-18 years
performed standard sequences for
trauma imaging in routine, fast, or n % of patient collective 13 122 216 218 569
single-shot acquisition technique. 23 214 38.0 38.3 100
.Sequf:nce for diﬂ‘gsionjweigh.ted Routine Protocol T2 w 6 36 76 98 216
imaging did not differ in routine
and fast protocol FLAIR 5 39 90 125 260
T2% w 5 29 57 76 167
BOLD 2 15 10 32 59
Fast protocol DWI 11 111 209 215 546
2w 5 80 139 122 346
FLAIR 6 81 111 93 291
T2* w 5 89 150 117 361
Single-shot protocol ~ T2 w 1 11 4 2 18
FLAIR 3 3 4 1 11
T2* w 0 0 0 1
DWI 1 0 4 1 6

T2w =T2 weighted imaging, T2*w =T2* weighted imaging, FLAIR = fluid attenuated inversion recovery im-
aging, BOLD = blood oxygen level dependent imaging, DWI = diffusion weighted imaging
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spectroscopy (1 patient), and high-resolution T2-weighted im-
ages (3 patients).

Sedation and general anesthesia

Details on required sedation and general anesthesia are sum-
marized in Table 4. In the youngest age group (0—12 months),
one child (7.7%) required sedation and one child (7.7%) re-
quired general anesthesia. In the age group 1-5 years, five
children (4.1%) required sedation and four children required
(3.3%) general anesthesia. Four children aged 6—12 years
(1.9%) required sedation and three (1.4%) required general
anesthesia.

Trauma sequelae and incidental findings

Thirteen percent of all cases exhibited cranial and intra-cranial
trauma-related structural lesions in the initial MRI. Two pa-
tients underwent surgery for epidural hematoma and cranial
vault fracture; two patients underwent surgery for depressed
cranial vault fracture. Further trauma findings are detailed in
Table 5. Combined trauma sequelae were frequently detected.

Incidental findings were detected in 4.7%. Two children
had to undergo further neurosurgical intervention due to the
incidental finding of a pilocytic astrocytoma. One patient
underwent surgery for cavernoma. Incidental findings are
summarized in Table 6.

Patients’ further clinical course

69.7% of the patients were admitted in the hospital for 24-h
TBI observation, 7.5% stayed for 48 h, and 12.3% stayed
longer than 48 h. Patients were admitted in accordance to
the current guidelines (AWMEF; details provided in the intro-
duction). In 7.2%, parents refused admission and children
were discharged directly from the emergency department.

Patients with post-traumatic lesion-positive MRI had a lon-
ger hospital stay (average 86.49 £ 54.38 h) than patients with-
out MRI findings (28.56 + 23.41 h; independent ¢ test: 1=
15.864, p<0.001). Patients with trauma sequelac were
followed up in the outpatient clinic (16% of the presented
TBI cohort).

Univariate and multivariate binary logistic regression

In the univariate binary logistic regression analysis, the fol-
lowing variables were significantly related to the presence of
trauma-related lesions on MRI: GCS deterioration (odds ratio
10.415, confidence interval between 1.711 and 63.415; p=

0.011), scalp hematoma (OR 1.845, CI 1.126-3.022, p=

0.015), clinical signs of skull base fracture (OR 7.477, CI
2.864-19.518, p <0.001), clinical signs of cranial vault frac-
ture (OR 3.972, CI 1.883-8.379, p <0.001), horseback riding
accidents (OR 3.427, CI 1.602—7.331, p=0.002). Sports-
related accidents (OR 0.233, CI 0.072-0.759, p=0.016) and
headache (OR 0.435 C1 0.243-0.779, p = 0.005) showed odds
ratios below 1 and a negative regression coefficient.

Age significantly correlated with the appearance of trauma-
related MRI findings (OR 0.915, CI 0.867-0.967, p =0.002,
pseudo-R* = 0.023). In the age group of younger children,
there was a higher incidence of MRI lesions as indicated by
a negative regression coefficient (G =—0.088). The results of
the univariate binary logistic regression are shown in Table 7.

The results of the multivariate binary logistic regression are
summarized in Table 8. To summarize, the variables GCS
deterioration (OR =10.499, CI=1.325-83.190; p =0.026),
scalp hematomas (OR =1.889, CI=1.118-3.188, p=0.017),
clinical signs of skull base fracture (OR =7.863, CI=2.924—
21.144, p=0.001), horseback riding accidents (OR =3.244,
CI=1.434-7.337, p=0.005), and with a negative regression
coefficient headache (OR =0.494 C10.269-0.910, p =0.024)
had an impact in the outcome variable.

Discussion

In our study, we evaluated MRI as an initial imaging tool in
pediatric patients who were admitted with mild TBI in the
emergency department. A single institute cohort of 569 pedi-
atric and juvenile patients up to the age of 18 years was
analyzed.

Though MRI is considered more challenging in children in
view of time and monitoring aspects, only 1.8% of patients
needed sedation and 1.4% general anesthesia for imaging.
This was mostly related to the fact that sufficient imaging data
could be obtained in less than 10 min of scanning time.
Furthermore, medical doctors or parents accompanied

Table 4 Sedation and general

anesthesia Age groups 0-12 months 1-5 years 6-12 years 12—18 years 0-18 years
n 13 122 216 218 569
% of patient collective 2.3 214 38.0 383 100
n (%) n (%) n (%) n (%) n (%)
Sedation 1(7.7%) 5 (4.1%) 4 (1.9%) 0 (0%) 10 (1.8%)
General anesthesia 1(7.7%) 4 (3.3%) 3 (1.4%) 0 (0%) 8 (1.4%)
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Table 5 Trauma findings

MRI finding n (%)

Incidental finding 27 (4.7%)
Midface injury 15 (2.6%)
DAI 10 (1.8%)
Contusion 6 (1.1%)
EDH 6 (1.1%)
Cranial vault fracture (non-displaced) 4 (0.7%)
Depressed skull fracture 4 (0.7%)
SDH 3(0.5%)
Cranial vault fracture + EDH 3(0.5%)
Petrous bone fracture + EDH 3 (0.5%)
Traumatic subarachnoid hemorrhage 2 (0.4%)
Cranial vault fracture + SDH 2 (0.4%)
Contusion + DAI 2 (0.4%)
Bone bruise skull 2 (0.4%)
Fluid collection mastoid, suspective of petrous bone fracture 2 (0.4%)
Intracerebral hemorrhage 1(0.2%)
Contusion + EDH 1(0.2%)
Contusion + tSAH 1(0.2%)
Cranial vault fracture + tSAH 1(0.2%)
Cranial vault fracture + tSAH + SDH 1(0.2%)
Cranial vault fracture + EDH + SDH 1(0.2%)
DAI +tSAH+SDH 1(0.2%)
Orbital fracture + SDH + EDH 1(0.2%)

DA diftuse axonal injury, EDH epidural hematoma, SDH subdural hematoma, tSAH traumatic subarachnoid

hemorrhage

younger children in the MRI to soothe and support or held
those patients in position. Despite the limiting factor that most
of the patients were 6 years and older (6—18 years = 76.3%)—
with probably less need of sedation and general anesthesia in
these age groups compared to younger children—RI can be

Table 6 Incidental findings

MRI finding n (%)
Supratentorial arachnoid cyst 6 (1.1%)
Pineal cyst 4 (0.7%)
Small gliotic lesion 3 (0.5%)
Pilocytic astrocytoma 2 (0.4%)
Infratentorial arachnoid cyst 2 (0.4%)
Singular supratentorial cavernoma 2 (0.4%)
Hyperintensity in T2w sequences (requiring further f/u) 2 (0.4%)
Developmental venous anomaly 2 (0.4%)
Periventricular heterotopy 1 (0.2%)
Neuroepithelial cyst 1 (0.2%)
Cavernomatosis 1(0.2%)
Dermoid 1(0.2%)

considered as alternative to CT imaging in the acute trauma
setting.

In the local radiology department T2, DWI, FLAIR, and
T2*-weighted sequences were used frequently in the acute
setting of imaging TBI in children. In trauma-positive MRI,
these sequences were sufficient to detect trauma sequelae.
Average imaging time was 8 min. So far, no standardized
trauma MRI protocol has been established and acquisition

Table 7  Results of univariate binary logistic regression

Predictor variables OR Confidence interval
GCS deterioration 10415 1.711 63.415
Scalp hematoma 1.845 1.126 3.022
Clinical signs of skull base fracture 7477 2864 19.518
Clinical signs of cranial vault fracture =~ 3.972  1.883 8.379
0-12 months 8.515 2.778 26.095
1-5 years 1.804 1.052 3.093
Horseback riding accidents 3427  1.602 7.331
Age group 12-18 years 0.556 0.323 0.957
Sport 0233 0.072 0.759
Headache 0.435 0.243 0.779

fu follow-up, 72w T2 weighted
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Table 8  Results of multivariate binary logistic regression

Predictor variables OR Confidence interval
GCS deterioration 10.499  1.325 83.190
Clinical signs of skull base fracture 7.863 2.924 21.144
Horseback riding accidents 3244 1434 7.337
Scalp hematoma 1.889  1.118 3.188
Headache 0.494  0.269 0.910

GCS Glasgow Coma Scale, OR Odds ratio

techniques were dependent on children’s injury patterns and
compliance. Based on our institutional analyses, one could
consider evaluating a standardized protocol including T2 or
FLAIR, T2*, and DWI in a future prospective study. Due to
the rigorous effort of our hospital to avoid ionizing radiation in
patients less than 19 years of age, there was the limitation that
no CT images were available on patients who initially re-
ceived MRI imaging. Thus, no statement regarding compati-
bility of these different imaging techniques can be offered.
However, the use of similar MRI protocols (including triplane
T2-weighted and susceptibility weighted sequences [10],
single-shot T2-, single-shot diffusion- and single-shot
FLAIR-weighted sequences [8], and rapid acquisition of axial,
sagittal, coronal T2-weighted fast spin echo images [9]) have
been shown to sufficiently detect relevant intracranial trauma
sequelae compared to CT scans (also refer to the introduction).
Total scanning times for MRI in these studies were 1-3 min.
Along with our analyses, MRI protocols including T2, DWI,
FLAIR, and T2* sequences appear suitable to become stan-
dard protocols for the initial evaluation of pediatric TBI.

While previous studies demonstrated MRI superiority in
diagnosing intraparenchymal lesions compared to CT [11]
and a higher detection rate for EDH, SDH, and SAH [10],
there is still controversy going on regarding bone-associated
pathologies. In this respect, MRI is often considered an unre-
liable tool to detect skull fractures [10, 15]. However, this
view is increasingly challenged by accumulating evidence
suggesting similar detection rates of skull fractures in CT
and MRI [8]. In our case series, MRI picked up common
TBI sequelae including cranial vault skull fractures in 16
and skull base fractures in four cases. For there were no CT
scans available due to aforementioned reasons, we cannot
exclude that skull base fractures or other bone-related trauma
sequelae were missed on MRI, especially in children who did
not present with associated clinical signs. Still patients with
negative MRI did not develop problems in their further clini-
cal course and there was no necessity for surgical treatment.
This might be a hint that there were at least no significant or
clinically relevant bone-associated TBI sequelae missed with
MRI in our cohort.

Despite the introduction of clinical decision rules of when
to skip imaging for TBI (PECARN) [12] applying cranial CT

for mild TBI did not decline: Due to the fear of potentially
missing TBI sequelae, clinicians often decide to perform im-
aging (i.e., CT) thereby accepting the risks of associated ion-
izing radiation [5, 6, 13]. Also in our institutional series, it
became obvious that most MRI performed for TBI turned
out to be negative (82%). Imaging was performed in line with
the German guidelines (AWMF; details outlined in the intro-
duction). Thereby all children who received imaging also ful-
filled at least one criterion of potentially being PECARN pos-
itive (i.e., altered behavior, headaches, significant trauma
mechanisms).

To also address the emerging criticism that MRI is a diag-
nostic “overdo” in the trauma setting, we analyzed our series
with regard to clinical clues and trauma mechanisms that
might be indicative for structural TBI sequelae in MRI imag-
ing. Thereby, GCS deterioration, scalp hematomas, and clini-
cal signs of skull base and cranial vault fractures, injury mech-
anisms involving horseback riding correlated with the appear-
ance of evident trauma sequelaec on MRI headache, a
PECARN criterion, and other sports-related accidents corre-
lated negatively to positive MRI findings. This inconsistent
finding was most probably due to a bias introduced by age as
only children older than 4 years of age were reliably accessible
to an evaluation for headache. Also, sports-related accidents
appeared exclusively in the two older age groups. This was
related to a selection bias, which also became evident by the
negative correlation coefficient for age and GCS at admission:
Younger children who were investigated via MRI exhibited
severer clinical symptoms than older children. Due to this
study weakness, it is not possible to reliably define age-
dependent clinical predictors (like headaches and sports activ-
ities) for MRI positive findings at this time point. For now, the
potentially identified clinical predictors have to be evaluated
further prospectively for different age groups in order to for-
mulate a decision tree which might reduce unnecessary imag-
ing in mild TBL

Another critical point of MRI in children is the need for
sedation with associated technical monitoring efforts.
Narcotics were considered risk factors for cognitive deficits
in children [16, 17], and there has been a recent warning of the
FDA concerning general anesthetic and sedation drugs “for
lengthy periods of time or over multiple surgeries or
procedures” that “may negatively affect brain development
in children younger than 3 years” (https://www.fda.gov/
Drugs/DrugSafety/ucm554634.htm; as of April 27, 2017. By
using rapid MRI sequences, this problem was overcome in
most of the patients in our case series (3.2% of patients
needed sedation or general anesthesia). Thereby, one crucial
factor was the handling of young children during imaging
acquisition: By getting involved, parents, caregivers,
accompanying doctors or technical assistants, and most
children tolerated MRI without sedation. Although there are
no data on cranial ultrasound in TBI right now, this modality
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might be an alternative in very young children (less than
1 year) with no need for sedation and easy accessibility. In
regard to the latter point, the authors are aware of the limited
availability of MRI in other institutions. However, despite the
limitations of our study, at places were MRI is available, it
should be considered a serious alternative to CT scans in
children when imaging becomes necessary in mild TBI
management.

Conclusions

MRI is a practicable imaging tool for evaluating children with
mild TBI in the emergency department. Along with previous
studies, our analyses established the basis to prospectively
evaluate standardized MRI protocols as initial imaging tool.
Pediatric TBI factors that predict structural findings on imag-
ing have to be specified and evaluated further for the daily
routine in the emergency department to avoid unnecessary
imaging.
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