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Children with Acute Neurological 
Emergency
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and Thierry A. G. M. Huisman

Children with acute neurological emergencies frequently pres-
ent to the emergency room (ER) with various combinations of 
headache, fever, nausea, vomiting, physical signs of trauma, 
altered mental status, coma, or focal neurological symptoms. 
Neuroimaging is often needed in children with acute neuro-
logical emergencies due to the difficulties of gathering an 
adequate and comprehensive patient history or a detailed and 
reliable neurological examination [1]. The radiologist plays an 
important role in the ER. Firstly, the radiologist should be able 
to answer if the child needs neuroimaging emergently. 
Secondly, the radiologist should be able to answer which 
imaging modality is appropriate for the child. Different imag-
ing modalities may be chosen based on the institutional avail-
ability and clinical status of the patient. Computed tomography 
(CT) and magnetic resonance imaging (MRI) are the most 
frequently used imaging modalities in the emergency setting. 
CT is usually the initial modality of choice in most of the situ-
ations. Modern multidetector CT scanners render highly 
detailed multiplanar submillimeter images of the pediatric 
brain; however, the main disadvantage of CT is that it requires 

the use of ionizing radiation [2]. MRI is a valuable tool to 
confirm and characterize the entities seen in children with 
acute neurological emergency. MRI is easy to perform, does 
not use ionizing radiation, offers multiple different tissue con-
trasts, superior anatomical details, especially for evaluation of 
the posterior fossa, and offers multiple advanced, and func-
tional sequences enhancing a sensitive and specific diagnosis 
[2, 3]. These advantages made MRI an increasingly preferred 
modality for the diagnostic evaluation of children with acute 
neurological symptoms even in time-sensitive settings. 
Ultrafast MRI protocols should be considered whenever pos-
sible as the initial choice of imaging instead of CT [3, 4]. 
Advanced MRI techniques including susceptibility-weighted 
imaging (SWI), diffusion weighted imaging (DWI), or diffu-
sion tensor imaging (DTI) with apparent diffusion coefficient 
(ADC) mapping and perfusion-weighted imaging (PWI) are 
progressively used in acute pediatric neuroimaging protocols 
[2]. Last but not least, the radiologist should be able to give a 
reliable differential diagnosis to guide patient management, in 
order to reduce morbidity and mortality. In addition, when 
evaluating brain MRIs of children, the radiologist should be 
aware that the pediatric brain may be immature and depending 
on the child’s age different states of brain development and 
maturation may be encountered. A neonatal brain MRI looks 
very different compared to a teenager’s brain MRI. Thus, the 
radiologist should understand normal brain development and 
must be familiar with age-specific changes of the developing 
pediatric brain [2].

The goal of this chapter is to discuss the neuroimaging 
findings of a number of common acute pediatric neurologi-
cal emergencies including stroke, hemorrhage, infections, 
and several less frequently encountered disorders.

14.1  Stroke

Arterial ischemic stroke (AIS) is relatively rare in children but 
can lead to significant morbidity and mortality rates ranging 
between 4% and 14%. Understanding that children with AIS 
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present clinically differently than adults and often present with 
unique child specific risk factors will impact the diagnostic 
approach, treatment, and outcome. The risk factors for AIS in 
children include cardiac disorders, infection, head and neck 
trauma, sickle cell disease, vascular malformations, genetic 
disorders, and autoimmune diseases [5–7]. The clinical pre-
sentation in neonates and infants can be very subtle relative to 
the severity of imaging findings (Fig. 14.1a). In children with 
suspected stroke, MRI is the preferred imaging modality. 
Radiologists should embrace an “MRI first” service whenever 
possible. Recommended sequences include DWI/DTI and 
ADC mapping to diagnose acute ischemia, gradient-recalled 
echo (GRE) or SWI to detect intracranial blood and its break-
down products, and T1-weighted imaging (WI) and T2-WI to 
assess for myelination, extra-axial blood, and edema [8].

Furthermore, combined analysis of DWI/PWI data can 
identify tissue at risk of progression to infarction, e.g., “isch-
emic penumbra” [9]. The penumbra shows critical hypoperfu-
sion without matching diffusion restriction (DWI/PWI 
mismatch), as opposed to the ischemic core represented by 
matching areas of hypoperfusion and restricted diffusion. Early 
and reliable identification of potentially salvageable brain tis-
sue is essential and could serve as a guide to treatment [10].

In addition, simultaneous imaging of the head and neck 
vasculature should always be considered/included in the 
acute workup if possible. Magnetic resonance angiography 
(MRA) of the brain is useful to detect vascular abnormalities 
(Fig. 14.1b). In children with AIS rapid treatment with neu-
roprotection, antithrombotic medications, and potential use 
of tissue plasminogen activator (tPA) are recommended to 
limit infarct progression/severity and stroke recurrence [11].

Hemorrhagic venous stroke (VS) may occur as complica-
tion of cerebral venous sinus thrombosis (CVST). The most 
common predisposing factors are systemic or local infection, 
hypercoagulable state, and dehydration [1]. CVST should be 
suspected in any child with hemorrhage or brain injury that 
cannot be explained by an arterial distribution of infarction 
or history of trauma or infection. If there are features of hem-
orrhage, additional MR venography (MRV) may be needed 
to provide diagnostic confidence (Fig. 14.1c). Post-contrast 
3D-T1-WI ultrafast GRE sequence may also be helpful to 
detect venous filling defects [12]. CVST most frequently 
affects the superior sagittal sinus followed by the transverse 
sinus, with resulting VS mostly in these venous drainage 
regions. VS may not demonstrate the same degree of 
restricted diffusion as AIS due to associated vasogenic 
edema. Physicians should hold an increased level of clinical 
suspicion especially in children with risk factors [1]. Rapid 
imaging and correct diagnosis is very important.

Clinical mimickers of pediatric stroke include systemic 
hypoglycemia, hemiplegic migraine, seizure, postictal pare-
sis, acute disseminated encephalomyelitis (ADEM), infec-
tion and may be seen in up to 21% of children with the initial 
clinical suspicion of an acute stroke [12–14]. The frequency 

of these disorders underlines the value of MRI in the emer-
gent evaluation of suspected stroke [12].

14.2  Hemorrhages

Intracranial hemorrhages (ICH) are a frequent cause of 
severe neurological morbidity and mortality in children. 
Excluding head trauma which is an important cause of ICH, 
other causes of spontaneous ICH include arteriovenous mal-
formations (AVM), aneurysms, cavernous malformations, 
hematological disorders, and brain tumors in children. In 
addition, ICH may be observed as a complication of AIS and 
VS. Children may present with headache, vomiting, impaired 
consciousness, convulsions, and focal neurological deficits. 
Spontaneous ICH can also present with non-specific symp-
toms in children especially younger than 3  years of age. 
Subacute courses are common and may result in a diagnostic 
delay which may result in a higher mortality and morbidity, 
especially for infratentorial hemorrhages, in aneurysms, 
children younger than 3 years and children with underlying 
hematological disorders [15].

ICH imaging appearances follow a well-known evolution 
with five distinct phases identified: hyperacute, acute, early 
subacute, late subacute, and chronic. Neuroimaging find-
ings and appearance vary with the phase (Table 14.1) [16]. 
On CT, early hyperacute ICH are isodense to normal brain, 
could be missed if not carefully observed. However, multi-
planar reconstructed CT images increase the sensitivity of 
CT for detection of ICH [17]. Acute and early subacute ICH 
reveal hyperdensity due to progressive blood clot retraction, 
while progressive red blood cell lysis decreases the density 
in the late subacute phase. In the chronic phase, progressive 
blood resorption results in a hypodense, cerebrospinal fluid 
(CSF)-filled brain defect. Similar temporal signal changes 
are observed for the various MRI sequences (Fig. 14.2). The 
imaging characteristics of ICH are summarized in 
Table 14.1. T2∗, GRE, or SWI sequences are most sensitive 
to blood products and should be included in the MRI proto-
col when ICH are suspected in the emergency setting. 
Neuroimaging should not only focus on diagnosis of ICH 
and its complications but should also focus on finding the 
underlying cause of the ICH. MRA and MRV sequences and 
contrast-enhanced MRI may be necessary to exclude the 
underlying cause such as vascular malformations and 
tumors [16].

Key Point
• Neuroimaging is extremely time sensitive in chil-

dren suspected of arterial or venous stroke. MRI 
with DWI/DTI and ADC is the established imaging 
modality of choice for the diagnosis.

G. Orman et al.
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Fig. 14.1 (a, top row) In this 25-day old girl with prior surgery for intes-
tinal atresia and recent onset of clonic fits involving the right limbs, axial 
T2-weighted MRI shows ill-defined cortico-subcortical blurring of the 
left parietal lobe. Trace DWI and corresponding ADC map clearly reveal 
restricted diffusion consistent with an acute ischemic stroke involving the 
posterior portion of the left MCA territory. (b, middle two rows) In this 
13-year old boy with a subacute presentation with ataxia, coronal FLAIR 
shows multiple hyperintense areas involving the cerebellum and occipital 
lobe, suggesting a thromboembolic mechanism involving the posterior 
circulation. Intracranial TOF MR angiography is normal. Cervical 

CE-MR angiography, however, shows focal irregularity (arrow) of the left 
vertebral artery which was confirmed by catheter angiography showing a 
string-of-beads pattern (arrow) consistent with the eventual diagnosis of 
fibromuscular dysplasia. (c, lower row) In this 16-year-old girl with 
recent posterior fossa surgery, sagittal T2-W MRI shows deceivingly nor-
mal appearance of the superior sagittal sinus, due to hypointense acute 
thrombus. Contrast- enhanced axial T1-weighted MRI shows the empty 
delta sign (arrow) consistent with intraluminal sinus thrombosis, which is 
confirmed by phase contrast MR venography showing absent flow signal 
involving the totality of the superior sagittal and straight sinuses

a

b
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14.3  Infections

Pediatric central nervous system (CNS) infections are high 
on the list of differential diagnosis when a child present with 
fever and altered mental status. Neuroimaging is important 
in the early diagnosis of CNS infections and should be cor-
related conjunction with laboratory findings. CNS infections 
may result in significant morbidity and mortality in children 
[2, 12].

Meningitis is the most common form of bacterial infec-
tion of the CNS in children. Causative bacteria vary by age 
and clinical presentation is different for different age groups. 

While older children present with fever, headache, photo-
phobia, nausea, vomiting, and meningismus, neonates may 
present with less obvious vague symptoms. Meningitis is 
most commonly caused by hematogenous spread from bac-
terial infections outside of CNS. Less commonly, it develops 
from an adjacent infective focus, i.e., sinusitis, mastoiditis, 
or direct invasion after a skull fracture. In general, neuroim-
aging is not routinely used for the diagnosis of an uncompli-
cated meningitis, especially if a lumbar puncture already 
demonstrated an abnormal number of white blood cells in 
the CSF confirming diagnosis. If there is no complication, 
neuroimaging may reveal mildly increased meningeal 
enhancement. Complications of meningitis may however 
include areas of adjacent vasogenic or cytotoxic edema, 
focal ischemic injury, CVST, hydrocephalus, and subdural, 
epidural, or parenchymal abscesses/empyemas. MRI with 
contrast is the imaging modality of choice to evaluate the 
complications of bacterial meningitis (Fig. 14.3a–e) [18].

Parenchymal brain infections include cerebritis and cere-
bral abscess. Symptoms are variable but typically include 
fever, headache, nausea/vomiting, focal neurological defi-
cits, and seizures. Visual field defects or personality changes 
can also be seen. If the abscess collection is large, significant 
mass effect may cause increased intracranial pressure. 
Neuroimaging is the key to the diagnosis of parenchymal 
brain infections. MRI with contrast is the most sensitive and 
specific modality for the radiology diagnosis (Fig. 14.3a–e). 
Cerebritis may be treated conservatively with intravenous 
antibiotics, but cerebral abscess requires surgical interven-
tion or drainage [18].

Pyogenic ventriculitis is a life threatening form of 
CNS infections. The infectious agents are similar to men-
ingitis and abscess. MRI is key to diagnosis; ependymal 
enhancement after IV contrast injection is usually very 
prominent. DWI/DTI may show restricted diffusion with 

c

Fig. 14.1 (continued)

Table 14.1 Evolution of ICH characteristics on CT and MRI

Hematoma 
age/phase CT

T1-weighted 
MRI T2-weighted MRI

Hyperacute 
(<12 h)

Isodense T1-iso/
hypointense

T2-hyperintense

Acute 
(12 h–2d)

Increasing 
density

T1-iso/
hypointense

T2-hypointense

Early 
subacute 
(2-7d)

Increased 
density

T1-hypointense T2-hypointense

Late subacute 
(8d–1 m)

Decreasing 
density

T1-hyperintense T1-hyperintense

Chronic 
(>1 m)

Hypodense T1-hypointense T2-hyperintense 
(hypointense rim)

h hours, d days, m months

Key Point
• ICH are a frequent cause of severe neurological mor-

bidity and mortality in children. Depending on the 
etiology and evolutionary phase of the ICH, CT and/
or MRI imaging characteristics change over time.

G. Orman et al.
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reduced ADC values, especially if pus is collecting within 
the ventricles [18].

Subdural empyema is an infectious fluid collection 
between dura and arachnoidea (Fig.  14.3a–e). The acute 
form develops as a result of spread from, e.g., a paranasal 
sinus infection and is characterized by high fever, headache, 
meningismus or focal neurological deficits, more rarely sei-
zures. The complications include CVST, cerebral infarction, 
cerebral edema, or cerebritis. MRI with contrast is the diag-
nostic modality of choice [18].

Other acute pediatric CNS infections include: (1) viral 
meningitis and its complications which include ADEM, 
transverse myelitis, Guillain–Barré syndrome, and cranial 
neuritis; (2) fungal CNS infections which are most com-
monly seen in premature or immunocompromised children; 

and (3) parasitic CNS infections. Early and correct recogni-
tion of the neuroimaging findings of these diseases is critical 
to guide treatment [19].

a b

c d

Fig. 14.2 In this 17-year old 
boy presenting acutely with 
ictal headache, vomiting, and 
bradycardia, axial CT (a) 
shows fresh hematoma 
involving the left parietal lobe 
with contralateral midline 
shift and intraventricular 
blood at the foramen of 
Monro. CT angiography (b) 
did not reveal abnormal 
vessels. MRI performed after 
12 hours confirms a large 
intraaxial bleed which is 
grossly isointense with gray 
matter on T1-weighted MRI 
(c) and hyperintense on 
T2-weighted MRI (d), 
consistent with a hyperacute 
hematoma (prevailing 
oxyhemoglobin)

Key Point
• The diagnosis of uncomplicated meningitis is usu-

ally confirmed with lumbar puncture by demonstrat-
ing an increased number of white blood cells in the 
CSF. Neuroimaging should be saved to evaluate for 
life threatening complications of meningitis, includ-
ing empyema or parenchymal infections. MRI with 
contrast is the diagnostic modality of choice.

14 Children with Acute Neurological Emergency
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14.4  Trauma

Traumatic brain injury (TBI) is a significant cause of lifelong 
disability and mortality in children. The diagnosis of pediat-
ric head trauma requires a multidisciplinary approach. 
Trauma mechanisms differ from adults and their impact on 
the developing brain results in unique primary and secondary 
brain lesions. Birth trauma is responsible for almost all cases 
of neonatal trauma (parturitional injury); child abuse is a 
 frequent cause of trauma in the first 2 years, whereas falls 
and motor-vehicle accidents are responsible for the majority 
of TBI in toddlers and adolescents [20].

Primary TBI lesions include (1) calvarial and maxillofa-
cial fractures; (2) extra-axial: epidural hematoma, subdural 

hematoma, subarachnoid hemorrhage, and intraventricular 
hemorrhage; (3) intraaxial: diffuse axonal injury, cortical 
contusion, and intracerebral hematoma; and (4) vascular: 
dissection, carotid cavernous fistula, arteriovenous dural fis-
tula, and pseudoaneurysm. Secondary TBI includes both (1) 
acute: diffuse cerebral edema, brain herniation (subfalcine, 
uncal, transtentorial), infarction, or infection and (2) chronic 
injuries: hydrocephalus, encephalomalacia, CSF leak, and 
leptomeningeal cyst [21]. Different imaging modalities may 
identify treatable primary TBI and lead to prevention or limi-
tation of secondary TBI. A recommended minimal standard 
MRI protocol includes (1) a 3D T1-WI, preferably in the 
sagittal plane, which allows multiplanar reconstruction, (2) 
an axial T2-WI, (3) an axial DWI/DTI with ADC mapping, 

a b c

d e

Fig. 14.3 In this 12-year-old boy with suppurative sinusitis (not 
shown), trace DWI (a) and corresponding ADC map (b) show right 
frontal subdural empyema and a focal area of restricted diffusion 
involving the right frontal lobe, corresponding to an ill-defined hyperin-
tense lesion with perifocal edema and mass effect on T2-W MRI (c). 

Contrast-enhanced axial T1-weighted MRI (d) shows mild, irregular 
peripheral enhancement consistent with cerebritis, and also reveals ipsi-
lateral arachnoiditis. Follow-up MRI after 4 days (e) shows develop-
ment of a well-defined enhancing ring corresponding to evolution 
towards a frank abscess

G. Orman et al.
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and (4) an axial SWI from the skull base to the vertex 
(Fig. 14.4) [20].

It is important to keep child abuse in mind when dealing 
with trauma in children in the emergency setting. Abusive 
head trauma diagnosis is challenging both clinically and 
radiologically; the provided trauma history might not always 
reflect the truth and no single imaging finding is specific or 
diagnostic for abusive head trauma by itself. A multiplicity of 
trauma related findings and severity of findings inconsistent 
with the provided mechanism of trauma provide clues for the 
diagnosis. The radiological findings may vary for different 
types of injury. The common injury mechanisms related to 
abusive head trauma can be summarized as non- impact shak-
ing injury, direct impact blunt trauma, whiplash- shaking 
injury of the craniocervical junction, strangulation injury, and 
stabbing injury. Further diagnostic workup should include a 
skeletal survey and possible additional cross- sectional studies 
to exclude other non-CNS solid organ injury [1, 21].

Spinal cord injury mechanisms in children differ from 
adults. Vertebral column fractures and spinal cord injuries 
are less common in children than adults. Pediatric spinal 
injuries primarily involve the cervical spine mostly in the 
proximal part including the craniocervical junction [22]. 
Thoracolumbar fractures often occur at T11 to L2 levels but 
may also involve other levels. However, if the injury mecha-
nism is of the seat-belt flexion-distraction type, it typically 
occurs at L2-L4 levels with high association of accompany-
ing visceral injury. In children of all ages, spinal MRI evalu-
ation is important in the setting of unexplained instability, 
persistent or delayed symptoms, decreased consciousness, or 
abnormal X-ray or CT findings. MRI findings including spi-
nal cord transection, intramedullary hemorrhage, edema 
extending over more than one spinal segment, and persistent 
compression of the spinal cord are predictive of poor neuro-
logical outcome [12].

14.5  Drowning/Near Drowning

Drowning is a leading cause of accidental death and 
severe neurologic morbidity. Anoxic brain injury is a 
common consequence of non-fatal drowning and may 
cause severe lifelong disability. Irreversible injury devel-
ops in the hippocampi, basal ganglia, and cerebral cortex 
within 4–10  min following the hypoxic incident. 
Therefore, early neuroimaging after drowning allows 
detection of the injury that requires intervention and may 
also be helpful for the prediction of brain injury severity 
[23]. CT is usually limited to detect head and neck trauma, 
but it may detect the loss of gray white matter differentia-
tion and cerebral edema. However a normal looking brain 
parenchyma on initial/acute CT does not rule out brain 
injury. MRI especially DWI/DTI with ADC mapping can 
detect brain injury more reliably, even within minutes 
after the incident and improves the ability to predict the 
outcome (Fig. 14.5). Cortical and deep gray matter DWI/
DTI abnormalities and lower ADC values are associated 
with poor outcomes.

a b c

Fig. 14.4 In this 12-year-old boy with a severe blunt head trauma, sag-
ittal T1-weighted MRI (a) and axial T2-W MRI (b) show ill-defined 
signal abnormality involving the corpus callosum (arrows). SWI (c) 

reveals more extensive hypointensities consistent with hemorrhagic 
traumatic axonal injury

Key Point
• TBI is a leading cause of lifelong disability and 

mortality in children. Birth trauma is responsible 
for many cases of neonatal TBI; child abuse is a 
frequent cause of TBI in the first 2 years, falls and 
motor-vehicle accidents are responsible for the 
majority of TBI in toddlers and adolescents. CT or 
MRI are the primary diagnostic imaging modalities 
of choice depending on the etiology of TBI and the 
age of the child.

14 Children with Acute Neurological Emergency
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14.6  Seizures

New onset seizures are the most common neurologic emer-
gencies of children presenting to the ER [1, 2]. Seizures are 
abnormal movements or behavior resulting from abnormal 
electrical activity in the brain. Acute symptomatic seizures 
occur at the time of a systemic insult or following brain insult 
with incidence reaching 29–39/100000 per year. Traumatic 
brain injury, cerebrovascular disease, drug withdrawal, 
infarction, and metabolic insults are the most common 
causes [1, 2]. Unprovoked seizures occur in the absence of 
precipitating factors, and may be single or recurrent 
(epilepsy).

A detailed neurological examination with general physi-
cal examination and electroencephalogram should be per-
formed initially [1]. Neuroimaging may not be necessary for 
every child with seizure or epilepsy. For example, neuroim-
aging is not indicated in children with simple febrile seizures 
but it should be considered in children with long seizures 
with focal onset and focal neurological deficits, also it should 

be strongly considered in neonates with seizures, because an 
identifiable cause for seizures can be found in up to 90% of 
full term newborns [1, 2]. When neuroimaging is necessary, 
MRI is the modality of choice in most of the cases. The aim 
is to investigate acute focal disorders that need immediate 
intervention including acute hydrocephalus, acute stroke or 
hemorrhage, hypoxic ischemic injury in newborns, encepha-
litis, or tumors. Other relevant disorders include leukodys-
trophies, metabolic disorders, mesial temporal sclerosis, and 
malformations [2].

14.7  Autoimmune CNS Diseases 
with Acute Presentation

Children with autoimmune CNS diseases may also present 
to the ER with acute signs and symptoms.

ADEM is a monophasic, immune-mediated demyelinating 
CNS disorder. Patients usually present 1–3 weeks following 
an upper respiratory infection or vaccination and may present 
acutely with significant mass effect due to a tumefactive 

a b c

Fig. 14.5 In this 8-year-old boy with severe anoxia due to near- 
drowning, trace DWI (a) and corresponding ADC map (b) show 
restricted diffusion involving the basal ganglia, thalami, and parieto- 

occipital cortex consistent with cytotoxic edema. Axial FLAIR (c) is 
relatively unrevealing in the acute phase

Key Point
• The pediatric brain is extremely sensitive to hypoxia 

and irreversible brain damage develops within 
4–10 min after drowning. MRI with DWI/DTI and 
ADC mapping should be acquired and evaluated 
promptly for the children with a drowning history.

Key Point
• When dealing with children with seizures in the 

ER, neuroimaging should be saved for cases with 
history of long time seizures with focal onset and 
focal neurological deficits, it should also be strongly 
considered in neonates with seizures.

G. Orman et al.
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lesion, with seizures and coma or with behavioral distur-
bances, headaches, vomiting, fever, or focal neurological 
signs. Brain MRI typically shows diffuse, poorly demarcated, 
bilateral, or asymmetrical T2 and FLAIR hyperintense lesions 
affecting both gray and white matter. The spinal cord may 
also be involved, showing ill-defined, multiple T2 hyperin-
tense lesions usually involving 2–3 vertebral segments 
(Fig. 14.6a). ADEM is usually a diagnosis of exclusion.

Multiple sclerosis (MS) is an idiopathic inflammatory 
disorder characterized by demyelination and degeneration 
of the CNS, affects most commonly adults, but 3–10% of 
patients present their first clinical event during childhood. 
Pediatric onset MS has higher relapse rates and a less 
favorable prognosis [24]. Therefore, early diagnosis and 
prompt treatment of pediatric onset MS is necessary 
(Fig. 14.6b). Ruling out ADEM and neuromyelitis optica 
spectrum disorder (NMOSD) is important, because 
although the clinical presentation of these three disorders 

is similar, the treatment is different in each one. 
Characteristic MRI criteria of MS on brain MRI are help-
ful to differentiate MS from ADEM and NMOSD but CSF 
and serum laboratory findings are also required to confirm 
the diagnosis [25].

NMOSD is an inflammatory demyelinating disease 
characterized by optic neuritis and acute longitudinally 
extending myelitis involving at least three vertebral seg-
ments. Most clinical, neuroimaging, and laboratory char-
acteristics of pediatric onset NMOSD are similar to those 
of adult onset disease [26]. Identification of aquaporin-4 
immunoglobulin antibodies serves as an important bio-
marker for the diagnosis. Longitudinally extending myeli-
tis during an acute attack is T2 hyperintense on sagittal 
spinal cord MRI with central cord predominance and may 
matching show contrast enhancement on T1-WI.  Optic 
nerve MRI shows unilateral or bilateral T2 hyperintensity 
or contrast enhancement on T1-WI within the optic 

a b

Fig. 14.6 (a) In this 3-year-old girl with a subacute onset of parapare-
sis and stupor, axial FLAIR shows ill-defined hyperintensities involving 
the deep cerebellar and supratentorial white matter. Sagittal T2-weighted 
MRI of the spine shows quasi-holocord swelling and hyperintensity. 
After treatment with IVIG and steroids, follow-up MRI at 3 months was 
normalized (not shown), consistent with acute disseminated encephalo-
myelitis (ADEM). (b) In this 5-year-old girl presenting with headaches 
and left hemiparesis, trace DWI and corresponding ADC map show a 

large right inferior frontal lesion with a necrotic center and an incom-
plete peripheral ring of restricted diffusion. Another small lesion with 
similar characteristics is seen in the left parietal lobe. On T2-weighted 
MRI, the larger lesion shows a concentric onion-bulb appearance. 
Contrast-enhanced axial T1-weighted MRI shows incomplete periph-
eral ring enhancement corresponding to the areas of restricted diffu-
sion, consistent with tumefactive demyelination

14 Children with Acute Neurological Emergency
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nerve(s) or optic chiasm. Typical brain lesions are T2 
hyperintense involving the dorsal medulla, peri-ependy-
mal surfaces of the fourth ventricle, hypothalamus, thala-
mus, or peri-ependymal surfaces of third ventricle, as well 
as large, confluent, unilateral or bilateral subcortical or 
deep white matter lesions or long, diffuse, heterogeneous 
corpus callosum lesions or long corticospinal tract lesions 
[26].

14.8  Toxic/Metabolic Imbalances

Diabetic ketoacidosis (DKA) is an acute serious complication 
in children with diabetes mellitus type 1. This state may cause 
significant long-term neurological morbidity and mortality. 
Brain edema is the most common neuroimaging finding in 
children with DKA and may cause brain herniation with sub-
sequent cerebral infarctions due to vascular compression. 
Also, primary ischemic or hemorrhagic stroke during the 
acute DKA episode may be seen in 10% of cases [27].

Neonatal hypoglycemia is an important issue in term 
neonates and can cause severe brain injury. Neuroimaging 
typically shows focal edema or infarcts most commonly in 
bilateral parieto-occipital lobes, basal ganglia, corpus cal-
losum, and thalami [12]. Because the urine strip test diag-
nosis of hypoglycemia can be made simply, neuroimaging 
is usually used to evaluate the degree of brain injury and 
estimation of prognosis rather than to confirm the 
diagnosis.

Osmotic demyelination syndrome is an acute demyelin-
ation process that usually occurs several days after a rapid 
change in serum osmolality and is uncommon in children. 
It can present with central pontine myelinolysis or extra-
pontine myelinolysis. MRI is the diagnostic modality of 
choice. Central pontine myelinolysis is seen with charac-
teristic trident- shaped, bat-winged, or piglet hyperinten-
sity on T2-WI, hypointensity on T1-WI with no mass 
effect in the central pons, with sparing of the ventrolateral 
pons, tegmentum, and corticospinal tracts. Extrapontine 
lesions are usually bilateral and most commonly seen in 
the cerebellar peduncles, globus pallidus, thalamus, lateral 
geniculate body, putamen, external and extreme capsule, 

splenium of corpus callosum, and supratentorial white 
matter [28].

14.9  Hydrocephalus

Hydrocephalus in children could be either due to overpro-
duction of CSF by a tumor, ventricular obstruction, or dys-
functional Pachionic granulations along the subarachnoid 
space. Children can present to the ER with (1) acute findings 
of hydrocephalus or (2) complications of shunted hydro-
cephalus including malfunction and infection.

Clinical presentation of hydrocephalus varies with age; in 
infants abnormally rapidly increasing head circumference, 
irritability, vomiting, bulging of the fontanelle; in older chil-
dren headache, vomiting, diplopia, or papilledema can be 
seen [29]. Neuroimaging should be directed to identify the 
underlying cause. MRI is the imaging modality of choice in 
suspected hydrocephalus cases. Next to axial T1-WI or 
T2-WI, a thin section, high resolution, T2-WI in sagittal 
plane is the most helpful MRI sequence to evaluate these 
cases [1, 2]. Contrast administration would be necessary if a 
tumor is suspected.

Shunt malfunction is the most common complication of 
ventricular shunts. Children present with headache, nau-
sea, vomiting, and altered mental status. Multiple radio-
graphs of the skull, neck, chest, and abdomen to evaluate 
the shunt integrity are often the initial imaging in some 
institutions [1, 2]. CT is often used as primary cross-sec-
tional imaging because it is readily available, able to detect 
changes in the ventricular size and configuration, identify 
intracranial hemorrhages or infarction, shunt catheter dis-
continuity and catheter migration [2]. Scout views should 
not be ignored, because occasionally, axial or recon-
structed cross-sectional CT images may miss relevant find-
ings. A possible disconnection of a shunt may be within 
the neck region below or outside of the scanned region; 
however, the information may be visible on the scout view 
which is a standard component of each CT study [30]. 
Children with infection due to a shunted hydrocephalus 
present with altered mental status, fever, nausea, and vom-
iting. CSF cultures are usually sufficient for the diagnosis 

Key Point
• Children with autoimmune CNS diseases may pres-

ent to the ER with acute signs and symptoms. In 
addition to CSF and serum laboratory findings, 
brain and spinal cord MRI is helpful to differentiate 
MS from ADEM and NMOSD.

Key Point
• Neuroimaging with MRI may be necessary when 

dealing with children with metabolic imbalances in 
the ER when brain edema is suspected. In addition, 
MRI is the diagnostic modality of the choice to 
evaluate the osmotic demyelination syndrome.
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in almost 95% of the cases and neuroimaging has a limited 
role in the diagnosis [1]. Uncommonly, infection presents 
with abdominal symptoms from a peritoneal CSF pseudo-
cyst. Abdominal ultrasound or CT is useful to evaluate 
these cases [2].

14.10  Concluding Remarks

Children with acute neurological emergency present to the 
ER with a wide spectrum of symptoms and signs. 
Neuroimaging is often needed in children with acute neuro-
logical emergency due to the difficulties of gathering a good 
and reliable patient history or limited physical/neurological 
examination. The radiologist should be able to answer if the 
child needs neuroimaging emergently, and which imaging 
modality is appropriate for the child. Different modalities 
may be chosen based on the institutional availability and 
clinical status of the patient. CT and MRI are the most fre-
quently used imaging modalities in the emergency setting. 
Finally, the prompt diagnosis is essential when dealing with 
children with acute neurological emergency especially in the 
time sensitive pathologies, i.e., stroke, drowning.
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