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Abstract

A 7-year-old boy presented to a community emergency department (ED) after sus-

taining a minor fall. Although he was found to have a normal neurologic examination,

additional history revealed the patient had been having mild intermittent headaches

and dizziness in the months preceding the fall. The emergency clinicians ordered neu-

roimaging, which demonstrated a right cerebellar mass, ultimately diagnosed as atyp-

ical rhabdoid/teratoid tumor. Atypical rhabdoid/teratoid tumor is a rare, aggressive

brain tumor with a poor prognosis. The objectives of this case report are to empha-

size the importance of detailed history with pediatric head trauma, in particular on

reassessment, and to discuss briefly the epidemiology andmanagement of atypical ter-

atoid rhabdoid tumor.
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1 INTRODUCTION

Head trauma is one of the most common reasons children are evalu-

ated in the emergency department (ED). Traumatic brain injury from

head trauma is diagnosed in nearly 1 million ED visits annually in the

United States.1 Fall and motor vehicle accidents are the most common

mechanisms.2 The vast majority of patients with traumatic brain injury

havemild injuries that resolve uneventfully over days to weeks.

Clinically important traumatic brain injury is rare, including intracra-

nial bleeding requiring intervention. The risks of ionizing radiation,

concerns about imaging overuse, and the low frequency of significant

injury prompted efforts to develop clinical decision aides to identify

patients at low risk for clinically significant traumatic brain injury. The

Pediatric EmergencyCareApplied ResearchNetwork (PECARN) crite-

ria are perhaps the most prominent and widely used decision aids for

pediatric head trauma.3 Although the PECARN criteria are well vali-

dated and highly accurate, they were designed to identify patients at
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low risk of traumatic brain injury, not all serious central nervous sys-

tem disease processes. As head and other trauma are common in chil-

dren, a history of trauma may be a red herring. Thus, clinicians are at

risk of anchoring on head trauma and may miss other less common

central nervous system disease processes. Use of the PECARN crite-

ria may falsely reassure clinicians in these cases, preventing or limiting

reassessment and additional history taking.

We describe the case of a 7-year-old boy who presented to our

community ED after an unwitnessed, ground-level fall without loss of

consciousness. The patient had a normal neurological assessment and

was in the lowest risk group for clinically important traumatic brain

injuryby thePECARNcriteria. Theemergencyphysicianobtainedaddi-

tional history during reassessment of the patient, which was concern-

ing for brain tumor. The objectives of this report are to emphasize

the importance of detailed and especially repeated history taking and

to discuss briefly the epidemiology and management of atypical rhab-

doid/teratoid tumor.
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F IGURE 1 Computed tomography imaging of the brain demonstrating a low-density right cerebellar massmeasuring 3.3 cm× 2.8 cmwith
local mass effect.

2 CASE

A 7-year-old boy was brought by his mother to a community ED after

sustaining a ground-level fall. He reported that he was running in gym

class and struck the back of his head after falling. The fall was wit-

nessed by the school staff, and the mother reported she was told there

was no loss of consciousness. Immediately after the fall, the patient

complained of dizziness to his teacher, who informed his mother. The

patient and his mother denied nausea, vomiting, and alteration in his

level of consciousness since the fall. His mother reported that he was

born at 36 weeks of gestation with an uncomplicated neonatal course.

He had been generally healthy, with no history of serious head injury or

significant disease.

The patient was triaged by the nursing staff as Emergency Severity

Index level 4. He was placed in the fast track of the ED and seen by

a mid-level clinician. On initial examination, the child was found to be

awake and alert, with aGlasgowComaScore of 15. Therewas no exter-

nal evidence of injury to his head or neck; he denied tenderness to the

cervical spine and had full range of motion of his neck without pain. He

had no focal deficits on complete neurologic examination, including a

normal gait and normal speech.

The mid-level clinician applied the PECARN head injury criteria and

determined that the patient was in the lowest risk group for clinically

important traumatic brain injury. Based on this assessment, a com-

puted tomography (CT) scan of the head was not indicated. The mid-

level clinician did not order imaging but wanted to discuss this deci-

sion further with the attending physician. The mid-level clinician and

attending physician reassessed the patient together. The attending

physician’s examination and assessment, including PECARN criteria,

were unchanged.

The attending physician and the mother discussed the decision not

to order imaging. During this discussion, the mother expressed con-

cerns that the patient had been experiencing intermittent headaches

and dizziness before the fall. The patient confirmed he had been having

headaches and occasional dizziness for about 4 months. He described

the headaches asmild, aching, diffuse, and intermittent. The headaches

reportedly had not increased in intensity or in frequency, including in

the early morning or on awakening. Themother and the patient denied

other falls before the index visit. They also denied nausea and vomiting

and changes in vision, physical activity, or gait during the period he had

been having headaches. The mother again denied a family history of

headaches. The mother reported that the patient was evaluated by his

primary care physician for headaches 2 months before the index visit

and that she had been keeping a headache diary.

Because of the additional history obtained during the reassessment,

the mid-level clinician and attending physician ordered a head CT. A

head CT revealed a low-density right cerebellar mass, measuring 3.3

cm × 2.8 cm and with local mass effect (Figure 1). The ED’s institution

did not have pediatric neurosurgical services, and the child was trans-

ferred to a pediatric tertiary care facility.

3 DISCUSSION

The diagnosis of pediatric patients with rare but serious diseases is

challenging.With central nervous system tumors, the clinical variation

is very wide, based on tumor type and location and patient age and

stage of development. In a systematic review of 74 studies, 17 individ-

ual symptoms or signs were present in at least 5% of children among

all types of central nervous system tumors; 56 total symptoms or signs
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F IGURE 2 Magnetic resonance imaging of the brain demonstrating a right cerebellar centrally necrotic mass measuring 3.7 cm

were recorded in at least 1 patient.4 The relative rarity of central ner-

vous system tumors in children combined with a high degree of clini-

cal variation and subtle or non-specific symptoms, such as headache,

increase the time to diagnosis. In a 6-year study of children with brain

tumors in Austria, the median time from symptom onset to diagnosis

was 60 days.5

Headache and abnormal gait are common symptoms in the pedi-

atric patient in the ED, including both those with common conditions

such as head trauma and in patients with relatively rare conditions

such as a central nervous system tumor. In the aforementioned sys-

tematic reviewthat included>4000pediatric patients, headache (33%)

and abnormalities of gait and coordination (27%)were among themost

common presenting signs and symptoms.4 In a separate study of pedi-

atric patients with central nervous system tumors presenting to an

ED, two-thirds complained of headache at presentation (66.7%), and

almost half of the patients reported some disturbance in gait (42.5%).6

In a secondary analysis of childrenwith central nervous system tumors

from the English National Audit of Cancer Diagnosis in Primary Care, a

history of headache and episodes of fainting or falls were each present

in 20% of patients.7

After a fall and possible head injury, complaints of headache

and dizziness will typically prompt clinicians to focus on traumatic

brain injury. Clinically important traumatic brain injury is the chief

concern, especially various forms of intracranial bleeding that may

require urgent intervention. The incidence of clinically important

traumatic brain injury is very low, however, especially in children

with ground-level mechanisms and normal neurologic examinations. In

the original PECARN head injury study, among the >40,000 patients

enrolled, although head CT was performed for >30% of the patients,

only 0.9%had clinically important traumatic brain injury, and only 0.1%

of the entire sample required neurosurgical intervention.3

Emergencymedicine and pediatric authorities have long been advo-

cating for the judicious use of neuroimaging in children after head

trauma. One study estimated that of the 600,000 abdominal and head

CT scans performed annually in the United States, 500 children might

ultimately die from cancer attributed to CT radiation exposure.8 The

original PECARN head injury study has been externally validated9,10

and provides an opportunity to decrease the use of head CT, although

evidence suggests that is not yet happening outside of academic pedi-

atric centers.8

Applying the PECARN criteria to the patient described in this case,

the clinicians determined that the patient was in the lowest risk group

and a CT scan of the headwas not indicated. Although the clinical deci-

sion aid was correct in predicting a low probability of clinically impor-

tant traumatic brain injury, decision aids such as the PECARN criteria

must be interpreted in the context forwhich theyweredesigned. In this

case, the initial clinical focus was understandably on traumatic brain

injury. In most patients with this history, even mild traumatic brain

injury would be relatively unlikely, with most patients appearing well

and symptom free by the time of ED evaluation. The reassessment and
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additional history in our patient, who had a normal neurologic assess-

ment, were essential to the clinician’s recognition that this patient was

different. Complaints of symptomspreceding ahistory ofminor trauma

may be easily missed. Anchoring on a diagnosis heavily framed by the

initial details of a patient’s presentation is likely a key contributor to

missing serious but rare diagnoses. The clinicians in this case, however,

werenot soanchoredon traumatic brain injury that they ignoredordis-

missed themother’s and patient’s concerns. Intentionally reassessing a

patient combined with themental habits of openness to additional his-

tory and challenging initial conceptions may be among the most effec-

tive tools available to clinicians to avoid missing diagnoses. Although

relatively rare, clinician recognition of symptoms preceding a fall or

otherminor traumamay be essential to earlier diagnosis of central ner-

vous system tumors, and delayed diagnosis is associated with greater

morbidity.11

3.1 Case resolution

At the pediatric tertiary care center, magnetic resonance imaging of

the brain and spine confirmed a tumor in the right cerebellar hemi-

sphere with central necrosis (Figure 2). The patient had the tumor

resected and a ventriculoperitoneal shunt placed because of concern

for obstructive hydrocephalus. The tumor was histologically classified

as an atypical teratoid rhabdoid tumor.

3.2 Atypical teratoid rhabdoid tumor

Central nervous system tumors are the second most common child-

hoodmalignancy, comprising up to 20% of all childhood cancers.12 The

existing literature on atypical teratoid rhabdoid tumor mostly consists

of case series of infants or adults and is primarily derived from tumor

registries. Atypical teratoid rhabdoid tumor is most common in male

children <3 years of age13 and most often involves the cerebellum,

ventricles, and frontal lobes. One study from the Central Brain Tumor

Registry of the United States found atypical teratoid rhabdoid tumor

comprised 1.6% of all central nervous system tumors in persons 19

years of age and younger.14

Atypical teratoid rhabdoid tumor is highlymalignant and aggressive,

and the prognosis is therefore poor. A 10-year study found an overall

median survival of 11 months after diagnosis. The literature suggests

improved survival with older age and less extensive disease. Among

children treated with radiation and high-dose alkylating agents, one

study showed a 2-year overall survival of 98% in children 3 years of

age and older compared with 17% in children younger than 3 years of

age.13 Improved outcomes have also been associated with multimodal

therapy, radiotherapy in patients older than 3 years of age, and gross

total resection compared with less extensive surgery.14,15 Our patient

had no metastasis and underwent gross total resection. He was sub-

sequently enrolled in the Saint Jude’s Phase 2 Study of Alisertib Ther-

apy for Rhabdoid Tumors (SJATRT)16 and received craniospinal radia-

tion along with Alisertib treatment. At the 24-month follow-up, there

was no reported recurrence of disease or symptoms. We believe early

diagnosis at a stage without metastasis may have played a role in his

outcome.

4 CONCLUSION

Central nervous system tumors in pediatric patients are challenging

to diagnose given the clinical variation, rarity, and overlap in symp-

tomatology with more common and relatively benign conditions such

as minor traumatic brain injury. Intentionally reassessing a patient

after an initial history and examination, including the mental habit of

challenging the initial clinical framing, can allow emergency clinicians

the opportunity to identify patients at risk for serious but rare diag-

noses, such as central nervous system tumors. Atypical teratoid rhab-

doid tumor is a highlymalignant tumorwith a poor prognosis, although

patients with earlier diagnosis before metastasis may have better out-

comes.
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