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Abstract

A subset of patients experience persistent symptoms after pediatric concussion, and magnetic resonance imaging (MRI) is
commonly used to evaluate for pathology. The utility of this practice is unclear. We conducted a retrospective cohort study
to describe the MRI findings in children with concussion. A registry of all patients seen at our institution from January
2010 through March 2016 with pediatric sports-related concussion was cross-referenced with a database of radiographical
studies. Radiology reports were reviewed for abnormal findings. Patients with abnormal computed tomographies or MRI
scans ordered for reasons other than concussion were excluded. Among 3338 children identified with concussion, 427
underwent MRI. Only 2 (0.5%) had findings compatible with traumatic injury, consisting in both of microhemorrhage. Sixty-
one patients (14.3%) had abnormal findings unrelated to trauma, including 24 nonspecific T, changes, 15 pineal cysts, eight
Chiari I malformations, and five arachnoid cysts. One child underwent craniotomy for a cerebellar hemangioblastoma after
presenting with ataxia; another had cortical dysplasia resected after seizure. The 2 patients with microhemorrhage each had
three previous concussions, significantly more than patients whose scans were normal (median, 1) or abnormal without injury
(median, 1.5; p=0.048). MRI rarely revealed intracranial injuries in children post-concussion, and the clinical relevance of
these uncommon findings remains unclear. Abnormalities unrelated to trauma are usually benign. However, MRI should be
thoughtfully considered in children who present with concerning or atypical symptoms.
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Introduction The role for neuroimaging in the acute setting post-TBI is well

established; the small minority of children with concussion whose

ITH AN INCIDENCE as high as 1.9 million per year in the

United States, sports concussion is the most common form
of traumatic brain injury (TBI) among children.! Unlike more-
severe forms of TBI, it is characterized by functional disturbance
rather than overt structural injury, and symptoms rapidly resolve in
most cases.> Whereas the vast majority of adults are symp-
tomatic for less than 1 week, recovery can be more protracted in
children and adolescents. Roughly 25-30% of children with
concussion continue to suffer from headaches, irritability, cog-
nitive difficulty, and other symptoms beyond 1 month post-
injury.®™ These persistent post-concussive symptoms (PCS) can
be debilitating and are associated with neurocognitive deficits,
decreased quality of life, and greater need for educational inter-
ventions at school.®’

injury characteristics or acute clinical presentation are concerning
should undergo either computed tomography (CT) or magnetic
resonance imaging (MRI) to evaluate for intracranial hemor-
rhage.?%~'° However, the utility of these studies in the post-acute
phase of injury is less clear. Some researchers recommend neu-
roimaging to rule out alternative structural etiologies for persistent
symptoms, but there is little evidence to guide this practice.'! Two
recent studies examined MRI findings in children with PCS and
found that between 5 and 13% of scans revealed new trauma-
related diagnoses, although the rate of findings not related to trauma
was substantially greater.'>'* Although these publications add
substantively to our knowledge of conventional imaging in PCS,
they suffer from small sample sizes and are subject to referral bias,
which may inflate the rate of positive findings.
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The aim of this study was to characterize the use and utility of
structural brain imaging with MRI in children with persistent
symptoms post-concussion. Specifically, we aimed to identify
which patients with concussion were selected for MRI and to de-
scribe the pathologies identified on these scans. Because compre-
hensive brain MRI scans are costly and time-intensive, we also
sought to test the hypothesis that a limited brain MRI consisting of
T, fluid-attenuated inverse recovery (FLAIR) and susceptibility-
weighted imaging (SWI) would achieve a yield for abnormal re-
sults similar to that of a full scan.

Methods

This single-center, retrospective cohort study was approved by
the Seattle Children’s Hospital Institutional Review Board. Patients
were identified using a registry of children seen at our institution
between January 2010 and March 2016 with health care provider-
diagnosed concussion sustained during recreation or sport. Con-
cussions sustained in both high- and low-energy activities, such as
physical education class, field sports, and motocross, were in-
cluded. Because of the retrospective nature of this study and the
large number of patients identified, we were not able to confirm the
clinical criteria used to diagnose concussion. However, providers at
our institution follow the recommendations of the International
Conference on Concussion in Sport when diagnosing concussion.”

Our concussion database includes patients seen in all settings,
including the emergency department (ED) and outpatient clinics.
The following data were obtained from this database: patient de-
mographics; site of first visit for concussion (e.g., ED or clinic); the
activity in which the injury was suffered; the mechanism of the
injury; history of previous TBI; and the date of the concussion. If
the exact date of injury was not known, the first of the month of
injury was used as an approximation.

The resulting list of patients was cross-referenced with a sepa-
rately maintained database of radiology records, from which all
head CT and brain MRI reports were extracted. These reports were
than manually reviewed to identify the following: the indication for
the study; the pertinent findings; and the sequences utilized in all
MRI scans. We relied solely on radiology reports generated by
board-certified pediatric radiologists and did not manually review
the images. MRI scans obtained outside of our hospital system were
not included because the reports for these studies were not routinely
available. MRI scans were ordered by providers in the subspecialty
clinics evaluating these patients. Individuals with any one of the
following were excluded: an abnormal CT preceding the MRI; an
MRI ordered for reasons other than concussion, such as for tumor
surveillance; or an MRI ordered as part of a research study. Chil-
dren with abnormal CT scans were removed because we aimed to
study the yield of MRI in concussion, which consensus statements
have defined as a functional disturbance of brain function without
imaging evidence of structural pathology.> Scans that identified
normal variants, such as a cavum septum pellucidum, were clas-
sified as normal. Abnormal MRI scans were then reviewed by a
pediatric neuroradiologist (F.A.P.) blinded to reports from the
complete scan to determine whether or not the findings could be
identified on FLAIR or SWI without additional sequences.

Statistical analysis

Continuous variables were described with median and inter-
quartile range (IQR) and analyzed using the Wilcoxon rank-sum
test or the Kruskal-Wallis test, as appropriate. Categorical variables
were summarized with frequencies and proportions and analyzed
using Pearson’s chi-square test. The threshold for statistical sig-
nificance was set to «=0.05. Statistical analysis was performed
using Stata/IC software (version 14.1 for Macintosh; StataCorp LP,
College Station, TX).
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Results

Between January 2010 and March 2016, 3360 patients with
pediatric sports-related concussion were identified. CT scans ob-
tained at the time of injury revealed trauma-related findings in 12
patients, including skull fractures in 11, pneumocephalus in 2, and a
traumatic subarachnoid hemorrhage in 1. An additional 10 patients
had CT scans that revealed five arachnoid cysts, two Chiari I
malformations, and a single vascular malformation, as well as other
incidental abnormalities. These 22 patients with abnormal CT scans
were excluded, leaving a final cohort of 3338 patients. Of these, 427
underwent imaging with brain MRI because of concussive symp-
toms a median of 32 days post-injury (IQR, 21-45); 90.2%
(n=385) were scanned 14 or more days post-injury. Clinical and
demographic characteristics of children who did and did not receive

TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
oF CHILDREN WHO HAD MRI COMPARED
TO THOSE WHO DID NoTt

No brain MRI Brain MRI

Characteristics N=2911 N=427  pvalue
Male sex (%) 1726 (59.3) 222 (52.0) <0.01
Age, median (IQR) 14 (11, 15) 15 (13, 16) <0.001
Race (%) 0.071
Caucasian 2017 (69.3) 314 (73.5)
African American 144 (4.9) 15 (3.5)
Asian American 136 (4.7) 15 (3.5)
Native American 51 (1.8) 13 (3.0)
Other/unknown 563 (19.3) 70 (16.4)
Payer (%) 0.097
Private insurance 2255 (77.5) 346 (81.0)
Public or no insurance 656 (22.5) 81 (19.0)
Setting of first visit* (%) <0.001
Concussion clinic 1248 (42.9) 333 (78.0)
Rehab medicine clinic 213 (7.3) 17 (4.0)
Neurology clinic 95 (3.3) 5(1.2)
Emergency department 814 (28.0) 46 (10.8)
Urgent care 491 (16.9) 24 (5.6)
Other 50 (1.7) 2 (0.5)
Sport (%) <0.001
Baseball/softball 94 (3.2) 12 (2.8)
Basketball 261 (9.0) 51 (11.9)
Football 543 (18.7) 85 (19.9)
Hockey 46 (1.6) 8 (1.9
Soccer 571 (19.6) 103 (24.1)
Snowsports 115 (4.0) 16 (3.7)
Running/track 117 (4.0) 11 (2.6)
PE/recess 281 (9.7) 16 (3.7)
Bicycling 77 (2.6) 5(1.2)
Other/unknown 806 (27.7) 120 (28.1)
Mechanism (%) 0.26
Collision with individual 926 (31.8) 130 (30.4)
Collision with ground/wall 1075 (36.9) 149 (34.9)
Collision with object 638 (21.9) 112 (26.2)
Other/Unknown 272 (9.3) 36 (8.4)
TBI within past 3 months (%) 284 (9.8) 78 (18.3)  <0.001
Previous concussions, 0,1 0,1 <0.001

median (IQR)

“The setting of the first visit corresponds to the setting where the patient
was first seen in our system for concussion; it may not correspond to the
location where the MRI was ordered. Categorical proportions compared
using Pearson’s 7 test.

Distributions of continuous variables compared using the Wilcoxon’s
rank-sum test. MRI, magnetic resonance imaging; IQR, interquartile
range; PE, physical education.
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an MRI scan are shown in Table 1. Children receiving MRI scans
were older and more likely to be female. They were also more likely
to have been first evaluated in the concussion subspecialty clinic
rather than urgent care or the ED. All of the patients who were first
seen in the ED and who underwent an MRI scan had their MRI
obtained subsequent to their ED visit. Twice as many children who
had an MRI reported a history of another TBI in the preceding
3 months, and the median number of total previous concussions
among the scanned group was slightly greater. There were no dif-
ferences with regard to insurance status or mechanism of injury.
Among the 427 children in whom imaging with MRI was per-
formed, 15.7% (n=63) had abnormal scans (Table 2). Only two of
these scans revealed findings plausibly related to trauma; in both
cases, the MRI demonstrated evidence of petechial micro-
hemorrhage. These 2 patients had each experienced three previous

TABLE 2. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
OF CHILDREN WITH NORMAL AND ABNORMAL MRI ScaNs

Normal Nontrauma  Trauma
MRI findings findings
Characteristics N=364 N=61 N=2
Male sex (%) 188 (51.6) 32 (52.5) 2 (100.0)
Age, median (IQR) 14 (13, 16) 15 (13, 16) 16 (15, 17)
Race (%)
Caucasian 267 (73.4) 46 (75.4) 1 (50.0)
African American 14 (3.8) 1(1.6) 0 (0.0)
Asian American 13 (3.6) 2 (3.3) 0 (0.0)
Native American 12 (3.3) 1(1.6) 0 (0.0)
Other/unknown 58 (15.9) 11 (18.0) 1 (50.0)
Payer (%)
Private insurance 295 (81.0) 49 (80.3) 2 (100.0)
Public or no insurance 69 (19.0) 12 (19.7) 0 (0.0)
Setting of first visit® (%)
Concussion clinic 286 (78.6) 45 (73.8) 2 (100.0)
Rehab medicine clinic 16 (4.4) 1(1.6) 0 (0.0)
Neurology clinic 4 (1.1) 1(1.6) 0 (0.0)
Emergency department 38 (10.4) 8 (13.1) 0 (0.0)
Urgent care 18 (4.9) 6 (9.8) 0 (0.0)
Other 2 (0.5) 0 (0.0) 0 (0.0
Sport (%)
Baseball/softball 10 (2.7) 2 (3.3) 0 (0.0)
Basketball 47 (12.9) 4 (6.6) 0 (0.0)
Football 65 (17.9) 19 (31.1) 1 (50.0)
Hockey 8(2.2) 0 (0.0) 0 (0.0)
Soccer 89 (24.5) 13 (21.3) 1 (50.0)
Snowsports 13 (3.6) 34.9) 0 (0.0)
Running/track 9 (2.5) 2 (3.3) 0 (0.0)
PE/recess 16 (4.4) 0 (0.0) 0 (0.0)
Bicycling 5.4 0 (0.0) 0 (0.0)
Other/unknown 102 (28.0) 18 (29.5) 0 (0.0)
Mechanism (%)
Collision with individual 104 (28.6) 24 (39.3) 2 (100.0)
Collision with ground/wall 132 (36.3) 17 (27.9) 0 (0.0)
Collision with object 98 (26.9) 14 (23.0) 0 (0.0)
Other/unknown 30 (8.2) 6 (9.8) 0 (0.0)
Head injury within 67 (18.4) 11 (18.0) 0 (0.0)
past 3 months
Previous concussions, 0(,1) 10,1) 3(3,3)

median (IQR)

*The setting of the first visit corresponds to the setting where the patient
was first seen in our system for concussion; it may not correspond to the
location where the MRI was ordered.

MRI, magnetic resonance imaging; IQR, interquartile range; PE,
physical education.
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concussions, significantly more than patients whose scans did not
demonstrate intracranial injury (H,=9.95; p<0.01). They con-
stituted 4.1% of the 49 patients with a history of three or more
concussions who underwent MRI, but only 0.5% of all children
with MRIs.

MRI findings did not vary with scanner field strength (Table 3).
Routine sequences such as Ty, T,, FLAIR, and diffusion-weighted
imaging (DWI), were utilized in almost all patients. The propor-
tions of scans including either gradient recalled echo (GRE) or SWI
were similar across groups, and SWI was not used more commonly
in children with abnormal findings. However, contrast-enhanced
MRI and constructive interference in steady state (CISS) sequences
were more commonly utilized in children whose scans revealed
abnormalities not related to trauma.

Among children with an abnormal MRI, repeat scans were ob-
tained in 24.6%. Overall, 49.2% of these children were referred to
neurosurgery clinic for evaluation, and 18.0% had more than one
clinic visit. Only 2 patients required surgery, and only 1 was di-
rectly admitted as a result of his scan. This child presented with
new-onset ataxia weeks after his concussion and was found to have
a cerebellar hemangioblastoma that was resected. The other patient
who required surgery experienced a questionable seizure and was
found to have a T, hyperintense mass consistent with either cortical
dysplasia or a low-grade glioma; this lesion was resected and
pathological examination of the tissue confirmed the diagnosis of
cortical dysplasia.

The specific abnormalities identified are listed in Table 4. Of the
64 abnormal findings observed in 63 patients, all could be observed
on FLAIR or SWI sequences upon manual review of these scans
(Table 4).

Two patients with microhemorrhage

The first patient was a 15-year-old male with a history of three
previous concussions who suffered helmeted head-to-head contact

TABLE 3. MRI FIELD STRENGTH AND IMAGING
SEQUENCES USED

Nontrauma Trauma
Normal MRI  findings  findings
N=364 N=61 N=2 pvalue
Field strength (%) 0.21
1.5T 282 (77.7) 43 (70.5) 1 (50.0)
3T 81 (22.3) 18 (29.5) 1 (50.0)
Any T; (%) 364 (100.0) 61 (100.0) 2 (100.0) N/A
T; MPRAGE 147 (40.4) 25 (41.0) 0 (0.0) 0.71
T, (%) 363 (99.7) 61 (100.0) 2 (100.0) 1.00
T,-FLAIR (%) 360 (98.9) 61 (100.0) 2 (100.0) 1.00
GRE or SWI (%) 332 (91.2) 54 (88.5) 2(100.0) 0.57
SWI 156 (42.9) 27 (44.3) 1 (50.0) 0.89
DWI (%) 358 (98.4) 60 (98.4) 2 (100.0) 1.00
DTI (%) 63 (17.3) 12(19.7) 1 (50.0) 0.34
CISS (%) 18 (4.9) 9 (14.8) 0 (0.0 <0.05
MRA (%) 5(1.4) 1 (1.6) 0 (0.0) 1.00
Contrast (%) 4 (1.1) 13 21.7) 0 (0.0) <0.001

Proportions compared using Fisher’s exact test.

MRI, magnetic resonance imaging; T, Tesla; MPRAGE, magnetization
prepared rapid gradient echo imaging; FLAIR, fluid attenuated inversion
recovery; SWI, susceptibility weighted imaging; DWI, diffusion weighted
imaging; DTI, diffusion tensor imaging; CISS, constructive interference in
steady state; MRA, magnetic resonance angiography; N/A, not applicable.
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TABLE 4. MRI FINDINGS AND THE SEQUENCES
ON WHICH THEY WERE DETECTED USING A PROPOSED
MRI ProTOCOL OPTIMIZED FOR EFFICIENCY

Nonspecific calcification
Pituitary cyst
Pituitary microadenoma

Finding n % FLAIR SWI/GRE
Microhemorrhage 2 0.5
Nontrauma findings
T, WM hyperintensity 23 54
Hemangioblastoma 1 0.2
Cortical dysplasia 1 0.2
Cavernous malformation 1 0.2
Arachnoid cyst 4 0.9
Chiari I malformation 8 1.9
Pineal cyst 15 3.5
Cholesterol granuloma 2 0.5
DVA 1 0.2
Heterotopia 2 0.5
1
2
1

0.2

Total Patients 427  100.0

Because some patients had more than one abnormality, the total number
of findings is greater than the number of abnormal scans. Black, detected
reliably in all cases; gray, detected in some but not all cases; white, not
detected in any cases.

MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion
recovery; SWI, susceptibility-weighted imaging; GRE, gradient echo;
WM, white matter; DVA, developmental venous anomaly.
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with another player during a football game. He continued to play
through the match with increasing headache, dizziness, and mem-
ory loss. Three weeks post-injury, he presented to the concussion
subspecialty clinic complaining of intermittent headaches, im-
paired concentration, and irritability. An MRI 27 days post-injury
demonstrated a solitary focus of SWI signal hypointensity in the
white matter of the left frontal lobe, consistent with micro-
hemorrhage (Fig. 1A). Although his neuropsychiatric symptoms
improved with time, the headaches did not. As a consequence of his
persistent headaches and MRI findings, the recommendation was
made that he retire from contact sports. On most recent follow-up
3 years post-injury, he continued to suffer from headaches.

The second patient was a 17-year-old male with a history of three
previous concussions who suffered a kick to the head during a
soccer game. The patient suffered a loss of consciousness for ap-
proximately 5 min, during which time he had spasms in his legs and
irregular respirations that were interpreted as possible seizure ac-
tivity. When the patient’s level of consciousness returned to nor-
mal, he was amnestic to the event and complained of headache and
difficulty concentrating. He was taken to the ED, where a CT scan
of the head was normal. His symptoms persisted for 3 days and then
resolved. An MRI was obtained 10 days after his injury attributed to
the possible seizure at the time of injury; SWI showed six foci of
microhemorrhage in the right parietal, right frontal, and left tem-
poral lobes (Fig. 1B). Four months post-injury, formal neurocog-
nitive testing of verbal and visual-spatial problem solving, fine
motor skills, attention, language, emotional function, and other
domains demonstrated average to above-average performance with
no obvious deficits referable to his TBI. Based on the MRI findings,

FIG. 1.

Representative slices from SWI sequences in the 2 patients with microhemorrhage. (A) A solitary focus of SWI hypointensity

was observed in the white matter of the left frontal lobe in a 15-year-old male football player 27 days after sustaining a concussion in the
course of play. (B) Six foci of SWI hypointensity were observed in this 17-year-old male 10 days after sustaining a concussion during a
soccer match; shown here is the finding in the left frontal lobe. SWI, susceptibility-weighted imaging.
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the recommendation was made that he retire from soccer. The pa-
tient did not follow through on these recommendations and contin-
ued to play at the collegiate level. Two years post-injury, he still
experiences intermittent headaches that are not lifestyle limiting.

Discussion

Position papers and guideline documents have recommended
against the routine use of neuroimaging studies in children pre-
senting with an acute concussion because the vast majority of these
studies are normal and rarely inform medical decision making.>**'°
Some researchers advocate neuroimaging in those who are per-
sistently symptomatic, but these recommendations are based only
on expert opinion.'' Two recent studies have found that whereas
the majority of scans for chronic symptoms are normal, 5-12% of
patients had new intracranial injuries identified on MRI.'*!3

In this retrospective cohort study, 427 of 3360 children with
concussion underwent imaging with MRI. Children who were
scanned had experienced a greater number of previous concussions
and they were twice as likely to have had a TBI within the pre-
ceding 3 months. These historical factors may have led ordering
providers to be more concerned about these patients, prompting the
decision to image. Alternatively, it is also plausible that these
children were more symptomatic because of their repeated injuries,
leading to higher MRI utilization.

We also found that children were more likely to be scanned if
they were first evaluated for their concussion in our institution’s
concussion clinic. This finding is not entirely surprising given that a
substantial portion of the children seen in this clinic are referred by
outside primary care providers for severe or persistent symptoms;
by contrast, children first evaluated in urgent care or the ED are
more likely to have been evaluated acutely after the injury and thus
may be more representative of the “average’ concussion patient
whose symptoms are short-lived.

Of the 427 children who were imaged with MRI, 85% had
normal scans. Only two (0.5%) of these studies revealed findings
plausibly related to the patient’s TBI, consisting in both of mi-
crohemorrhage. Notably, both of these children had three previous
concussions, significantly more than those whose scans did not
disclose intracranial injuries. Whether the effects of multiple con-
cussions accumulate over time to increase the risk for these bleeds
is not clear. It is also unclear whether or not these microhemor-
rhages are related to the patient’s symptoms.

The rate of trauma-related findings in our data is less than one
tenth what has been reported previously by others. Ellis and col-
leagues studied 151 children with concussion, 16 of whom under-
went MRI because of persistent symptoms.'? Of these, 1 was found
to have a small intraparenchymal hemorrhage and a second was
found to have a nonhemorrhagic contusion, yielding an intracranial
injury rate of 12.5%. Notably, this study was conducted in a mul-
tidisciplinary concussion clinic staffed, in part, by a neurological
surgeon, and some of their subjects had their scans obtained before
referral. As a consequence, their findings are likely subject to re-
ferral bias; patients with abnormal scans may have been more likely
to be included, thus inflating the rate of positive results. A separate
investigation by Morgan and colleagues reviewed 52 patients with
PCS, 19 of whom underwent imaging with MRL'? One of these
patients was found to have multiple foci of microhemorrhage,
yielding an intracranial injury rate of approximately 5%.

The clinical ramifications of these MRI findings are unclear. In
adults with mild TBI, the presence of a cerebral contusion or four or
more foci of microhemorrhage has been associated with worse

BONOW ET AL.

functional outcomes at 3 months, suggesting that these findings
may be helpful in prognostication.'* However, there are little data
to guide the incorporation of information generated by these scans
into the medical decision-making process. At best, the results can
be used to guide return to play recommendations, as was the case in
both of our patients with positive scans. However, these recom-
mendations are based on expert opinion or clinical experience ra-
ther than objective data.'"'> Although it is known that repeated
mild TBIs can predispose to neurocognitive decline later in life,'®
we are not aware of any evidence linking microhemorrhage or other
forms of intracranial injury to a higher risk of neurocognitive de-
cline with subsequent TBI. Such an association will require further
work to prove or disprove, although the apparent rarity of traumatic
findings in this population suggests that it may be difficult to ade-
quately power such a study.

Findings unrelated to trauma

Although our data indicate that MRI in children with persistent
symptoms post-concussion rarely identifies injuries, 14.3% of
scans disclosed an abnormality not related to trauma. Notably, this
result is lower than the 18-21% rate of abnormal findings that has
been described in healthy, asymptomatic children and adults.'”'®

One scan led to the discovery of a hemangioblastoma in a child
with new-onset ataxia weeks after his injury, prompting surgical
resection. Another underwent craniotomy for what was ultimately
found to be cortical dysplasia after she experienced a possible
seizure. In both cases, the patients had alarming clinical presenta-
tions that are not typical of post-concussive syndrome; imaging
would likely have been pursued because of these children’s
symptoms even in the absence of concussion.

However, the vast majority of these discoveries were truly in-
cidental and did not materially affect patient management beyond
neurosurgical consultation and repeat imaging. The most common
findings were nonspecific T, hyperintense lesions in the cerebral
white matter (WM), which were noted in 5.4% of our patients.
These nonspecific WM changes are observed in 1.3% of asymp-
tomatic children, but are known to be more common in patients
with migraine headache.'”'” That migraine itself is associated with
a higher risk of persistent symptoms post-concussion likely ex-
plains the increased prevalence of these WM abnormalities in our
series, although we cannot rule out a causative effect of concus-
sion.*

Arachnoid cysts and pineal cysts were commonly observed in
our cohort with rates of 0.9% and 3.5%, respectively. These are
common incidental findings on MRI that rarely require intervention
beyond simple observation and are unlikely to be related to
symptomatology post-concussion.’’?* Although previous studies
have identified an increased prevalence of arachnoid cysts in
children with PCS compared to the general population, our data are
not consistent with such a link”'*!3; the prevalence of arachnoid
cysts in children has been found to be between 1.0 and 2.6%;, in line
with our results.'”

Magnetic resonance imaging sequences

MRI scans that revealed abnormalities not related to trauma
more commonly included high-resolution CISS and contrast-
enhanced sequences. At our institution, atypical results are noted
as the scan is acquired and generally prompt further investigation
with additional sequences to better evaluate the finding. Thus, the
higher utilization of these sequences may be a consequence of the
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abnormality being detected on routine sequences rather than the
reason the abnormality was identified in the first place.

All of the abnormal MRI findings in our series could be observed
on FLAIR or SWI, including microhemorrhage, the only trauma-
related pathology we identified. Although we did not observe any
patients with a subarachnoid hemorrhage, subdural hematoma, or
cerebral contusion, these may be present in children with TBI and
are readily identified with FLAIR and SWI. A limited MRI scan
consisting only of these sequences may therefore reliably detect
intracranial injuries as well as other abnormalities and can do so
with substantially reduced scanner time. At our institution, a
complete trauma protocol scan requires 25 min, whereas FLAIR
and SWI together require only 7.5 min. However, this advantage
may be counterbalanced by the need to bring patients back for
complete scans if limited studies identify, but incompletely char-
acterize, abnormal findings. The utility of a limited study may
therefore be restricted to centers where scans are reviewed as they
are acquired, allowing for addition of further sequences before the
patient leaves the scanner if abnormalities are detected. Further
study of limited MRI scans is warranted before they are adopted
into routine clinical practice.

Limitations

Because of the large number of patients identified with and
without MRI scans, we were unable to perform a detailed review
to obtain granular information on the severity of symptoms or the
specific symptoms suffered in all patients; as a consequence, the
precise clinical indications for obtaining MRI scans are not known
for the majority of our cohort. We also acknowledge that the mi-
nority were imaged with either a 3 Tesla scanner or SWI, which
may have reduced the rate of hemorrhagic findings. Further, we did
not strictly limit our sample to patients whose scans were obtained 1
month or more post-injury, which may account for some differ-
ences with other studies that have focused on such limited popu-
lations. Finally, this study included only children who either did not
have a previous CT scan or who had a CT scan that was normal;
individuals with traumatic or otherwise abnormal findings on CT
were not examined and therefore represent a different population to
which our results may not generalize.

Although our data demonstrate that evidence of injury is very
rare on conventional MRI, we did not examine findings on ad-
vanced neuroimaging. Techniques such as diffusion tensor imag-
ing, MR spectroscopy, functional MRI, and MR perfusion
commonly show pathological changes in mild TBI that are not
observed with more-established macrostructural imaging modali-
ties.>*? These findings correlate with symptomatology, and fur-
ther study of these techniques may lead both to a better
understanding of the underlying pathophysiology and to advances
in patient care.*!

Conclusions

Trauma-related findings on MRI are very rare in children who
are imaged with conventional methods for persistent symptoms
of concussion. In the few cases where trauma-related findings are
identified, it is not clear how they should influence decision mak-
ing. In this cohort, the presence of traumatic intracranial hemor-
rhage had substantial bearing on return-to-play guidance,
prompting providers to recommend cessation of contact sports.
Although such guidance is in line with expert opinion,'" there is
little objective evidence to support or refute this practice.
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In contrast, abnormalities not related to trauma are relatively
common, although no more so than in healthy patients without a
history of concussion.'”!® The vast majority of these were truly
incidental findings that could be managed expectantly with obser-
vation. However, identification of abnormalities that are them-
selves benign can have unanticipated consequences; children who
are given the diagnosis of a nonthreatening condition may be seen
as vulnerable, leading to unnecessary emergency department visits
and lifestyle restrictions.*>* Because of these risks, providers
should be thoughtful when considering an MRI in this population.

Rarely, children may require neurosurgical interventions based
on the results of their scans. In our series, these patients presented
with concerning symptoms that are not common after concussion,
highlighting the importance of vigilance on the part of the provider.
Whereas routine neuroimaging does not appear to be useful in
children who are persistently symptomatic post-concussion, MRI
should be pursued in those with alarming presentations. Special
consideration should also be given to the very young and to the
developmentally delayed, who may have difficulty explaining their
Symptoms.

Clinicians caring for children with persistent PCS should con-
sider these factors when deciding whether or not to pursue imaging
with conventional MRI. If the decision is made to obtain a scan,
limited screening studies with a minimum number of sequences
may be of use in the future to shorten scanner time, reduce cost, and
minimize patient inconvenience.
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