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Learning Objectives

• Describe different types of neuroimaging
• Explain what neuroimaging modality is best for diagnostic 

prognostication 
• Synthesize neuroimaging reports to discuss best therapeutics for 

the results 
• Apply neuroimaging to case study examples
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Audience Participation

• This presentation will have questions throughout allowing for 
audience participation. 
• Please have your cell phone ready and follow the directions to be 

able to participate
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The Who of Neuroimaging

• Radiographs
• Ultrasounds
• Computed Scans (CT scans)

• Non-contrast
• Contrast

• Magnetic Resonance Imaging (MRI)
• Non-contrast
• Contrast
• Functional
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Radiographs

• Cranial and Spinal radiographs
• Assess boney abnormality

• Skull or spinal skull fracture
• Craniosynostosis 
• Spinal dysraphism
• Medical devices

• Assess Spinal Alignment
• Scoliosis
• Traumatic injury
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The What of Ultrasounds
• Head (cranial)

• Able to be completed with open fontanelle 
• Better images with larger the fontanelle 
• Ultrasound waves do not easily pass through bone

• Visualize brain cortex and cerebral spinal fluid collections (CSF)
• Early evaluation of macrocephaly with concern for ventriculomegaly, 

intraventricular hemorrhage, or at times mass/lesion

• Spinal
• Infants with concern for complex sacral dimple or other cutaneous findings

• Larger dimple (>5 mm), multiple dimples, distance to anus, dimple located cranially 
from gluteal crease, deep or indurated dimple, fat pad, hemangioma
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Choi et al., 2020; Gupta et al., 2016

Ultrasound Benefit vs Risk
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No radiation

No sedation

Quick and painless

Low cost

Not best quality 
image Gupta et al., 2016
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Sonogram Brain Findings
Ventricular volumes: Normal
Hemorrhage: None
Cerebral and cerebellar echogenicity: 
Normal
Midline: Maintained
Impression: Normal Examination
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Findings
Ventricular Volumes: Increased volume of the 
lateral and third ventricle
Hemorrhage: Increased echogenicity at the 
caudothalamic grooves bilaterally suggestive of 
bilateral grade 1 germinal matrix hemorrhage
Cerebral and cerebellar echogenicity: Normal

Impression
Bilateral grade 1 germinal matrix hemorrhage with 
increased size of lateral and third ventricles
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Impression 
Evolving ventriculomegaly in both lateral and 
third ventricles
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Findings
The spinal cord tapers to a normal 
appearing conus medullaris with the tip at 
the L1/2 level. The filum is thickened and 
there is decrease motion. There is a 0.8 x 
0.2 x 0.2 cm elongated intradural cystic 
structure, likely representing filar cyst, 
normal variant. The thecal sac terminates 
in the sacrum.

Impression
Although the cauda equina terminates at 
the normal level of L1-L2, there is 
decreased motion to the filum 
terminale. MRI is recommended for 
further evaluation
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• Started late 1970s
• Radiograph “slices” of images in cross section to produce multiple plane images

• Axial
• Sagittal
• Coronal
• 3D reconstruction

• Slices can be different thicknesses and stacked on each other to produce a 
picture based on the tissue density
• Fluid is black
• Tissue is grey
• Bone/calcium is white
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The What of CT Scans

Kayhanian et al., 2018

CT Scan
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• Head Imaging
• Able to be completed at any age
• Assess bone

• Fracture
• Craniosynostosis

• Assess brain cortex and ventricular size
• Hemorrhage
• Tumor
• Infection

• Spine Imaging
• Assess bone

• Fracture
• Alignment

• Not great for direct view of the spine

CT Scan Benefit vs Risk
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Radiation exposure

May need sedation

Quick and painless

Higher cost

Better quality imaging 
Burstein et al., 2018
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4th ventricle Basal cisterns 
and brain stem

3rd ventricle Lateral ventricles Sagittal sinus
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CT Scan Radiation Exposure

• Consideration of radiation exposure with multiple CT scans over lifetime
• 50% of all medical radiation
• Cancer from radiation exposure 1 in 10,000 in pediatrics

• Low dose imaging is now available 
• Remove orbits from head imaging to decrease glaucoma rate

• Can you get the same information using a different modality? 
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Barreto et al., 2022; Cappellari et al., 2023)

The What of MRI Scan
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• First used in the late 1970’s
• Over the last several decades more widely used
• Multiple image types 

• Brain Imaging
• Able to be completed at any age
• Assess brain cortex and ventricular size

• Hemorrhage
• Tumor
• Infection

• Spine Imaging
• Assess spine and spaces surrounding the spine
• Assess discs

MRI Scan
• Image is obtained with radiofrequency pulses and gradients in a 

particular sequence

• T1 weighted
• Best at looking at the anatomy
• Fluid appears dark, grey matter looks grey, white matter looks white 

(or light grey), fat will look bright white, inflammation will look dark
• Axial, sagittal, coronal views

• T2 weighted
• Best for fluid density
• Fluid appear white, white matter looks dark grey, grey matter looks 

light grey, inflammation is bright white
• Axial, sagittal, coronal views
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MRI Scan
• Fluid attenuated inversion recovery (FLAIR) sequence

• CSF and white matter are dark, grey matter is bright
• Best for evaluating subtle changes not visible on T1 imaging: 

leptomeningeal enhancement, subarachnoid hemorrhage
• Axial, sagittal 

• Diffusion weighted
• Evaluates the ease of water movement within the cells
• Best for evaluating edema, diffusion restriction might signal ischemic 

process, tumor, or infection
• Axial

• Flow sensitive
• CSF sequences to evaluate CSF flow
• MR angiography and venography to evaluate vessels
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MRI Scan Benefit vs Risk
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Takes long time

Expensive

No radiation

Likely need sedation

Best quality Image
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Axial T1

Axial T2

Axial 
Flair

MRI Scan

• Metal and implantable devices
• Ensure MRI compatible prior to 

prescribing
• Most braces are safe but distort 

picture
• Vagal nerve stimulators/intrathecal 

pumps
• VP shunts with certain types of valves
• Aneurysm clips and coils
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Non-contrast vs Contrast

• Different between CT and MRI
• CT uses iodine-based 
• MRI uses gadolinium-based 

• Contrast is most useful when differential diagnoses include
• Infection
• Tumor
• Vascular 
• demyelinating

• When evaluating for infection and tumor with and without contrast is best 
to prescribe
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Why don’t just prescribe every neuroimage with and 
without contrast?

• Risks
• Invasive – needs IV
• Allergic reaction (iodine)

• Less common; however, ask 
about previous reactions

• Renal function
• Gadolinium retention in 

tissues?
• Pregnant
• Braces/metal
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Differential diagnoses to almost always 
start with non-contrast

• Acute headache 
• Hydrocephalus
• Hemorrhage

• Change in mental status
• Hemorrhage
• Stroke

• Trauma
• Fracture 
• Hemorrhage

• Spine
• Trauma

Examples of common neuroimaging and 
interpretations of radiological findings
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Head CT without contrast

Findings:
Underneath the above described left parietal calvarial fracture, there is an extra-axial hematoma 
overlying the posterior temporoparietal convexity which has a maximum thickness of 4mm. The 
hematoma is associated with mild mass-effect on the brain parenchyma. There is no shift of midline 
structures or brain herniation. The gray-white-matter differentiation is preserved without evidence of 
significant brain parenchymal edema. 

The ventricles and other CSF containing spaces are normal size. There is no hydrocephalus, and the 
basal cisterns are preserved. There is a nondisplaced linear skull fracture involving the lower part of 
the left parietal bone which extends into the lambdoid suture posteriorly. There is a fairly large
overlying subgaleal hematoma. The included orbits are unremarkable. The mastoid air cells and 
middle ear cavities are clear. 

Impression: 
There is a non-displaced linear skull fracture of the lower part of the left parietal bone associated with 
4 mm thick epidural hematoma but no midline shift, brain herniation or remarkable brain edema. 
There is also a large overlying subgaleal hematoma. 

6-month-old female presents to the primary care clinic after rolling off the caregiver’s 
bed 2 days ago. She cried when she rolled off the bed. It happened while the caregiver 
was in the bathroom, so it was unwitnessed. She has been fine at home since the 
accident. However, today the caregiver noticed a big bump on the left side of her head. 
The caregiver was concerned because the bump wasn’t there until today. 

Exam: 
Alert, sitting in the caregiver’s lap, playing with toy in hand
Anterior fontanelle soft and flat. Left parietal soft and fluctuant fluid collection.
Pupils equal and briskly reactive
Tone normal. Moving all extremities symmetric
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Basal cistern Extra axial 
hematoma Subgaleal

hematoma

Subgaleal
hematoma

Extra axial 
hematoma

Nondisplaced 
skull fracture Nondisplaced 

skull fracture

Nondisplaced 
skull fracture

25 26

27 28



29

2-month-old male, full term, presents to the clinic for well baby 
appointment. The caregiver is concerned the forehead is 
misshapen. It has been getting worse not better. The caregiver 
notices there is a point on the right side of the forehead and it 
feels like bone. The back of the head is also misshapen even 
though they have been doing tummy time every day.

Exam: 
Non-focal, except for flat forehead with boney perturbance on the 
right side with very small fontanelle for age. 
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Craniofacial CT

Impression
Unilateral early 
closure of the left 
coronal suture and 
unilateral early 
closure of the right 
lambdoid suture

Brachycephaly

11-year-old male presents to the clinic with pain occurring 
for the last several weeks to his right side of his face and 
jaw. 

He is sent for a maxillofacial ct with concern for abscess
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Maxillofacial CT with contrast

Findings
A fluid collection is present surrounding the right 
posterior mandibular body measuring 6 x 34 mm 
along the buccal mucosa and 7 x 20 mm along 
the lingual mucosa. The surrounding soft tissues 
are edematous and stranded. This appears to 
occur in association with a carious right 
mandibular molar. The enamel layer of an 
underlying unerupted adult premolar may be 
focally thinned. An arachnoid cyst is noted 
incidentally within the left middle cranial 
fossa.

Impression
Abscess surrounding the right posterior 
mandibular body involving both the buccal and 
lingual surfaces, possibly related to an overlying 
dental carie. Left middle cranial fossa 
arachnoid cyst, likely an incidental finding, 
follow up clinically. 
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MRI without contrast
Findings
The ventricles and sulci are within 
normal limits. The cisterns remain 
patent. There is no midline shift. 
Redemonstration of focal extra-axial 
prominence of CSF signal intensity 
in the anterior aspect of the left 
middle cranial fossa measuring 1.8 x 
3.2 cm in greatest axial dimensions by 
2.4 cm. Mild localized mass effect 
upon the left temporal lobe.

Impression
No significant interval change in size of left 
middle cranial fossa arachnoid cyst with mild 
localized mass effect. 

Sagittal T1 Axial T1

Axial T2Coronal T2

Axial flair

Mass effect

Ct maxillofacial infused

3-month-old male presents to the emergency department from the clinic with 
concern for increased sleepiness over the last several days and not eating. No 
sick contacts at home. 

Exam:
Lethargic, opens eyes for brief periods
Anterior fontanelle is full and slightly tense
Pupils are 4 and reactive
Lung sounds clear
Regular rate and rhythm for heart sounds
Abdomen soft and flat
Moving extremities symmetrically when stimulated with exam
Normal tone and reflexes
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Head CT without Contrast
Findings
There is no evidence of acute intracranial hemorrhage. There is marked hydrocephalus of the lateral and 
third ventricles with hypoattenuation of the periventricular white matter. There is bulging of the 
cerebral cortex against the fontanelles. There is CSF attenuation retrocerebellar structure, which 
appears to communicate with the fourth ventricle. The cerebellum is grossly intact but compressed and 
the posterior fossa appears enlarged. 

Impression:
Marked supratentorial hydrocephalus secondary to a cystic retrocerebellar structure that likely 
represents a Blake’s pouch cyst or less likely an arachnoid cyst. A variant of Dandy-Walker continuum 
appears less likely given the cerebellar vermis appears well formed. Further evaluation with MRI is 
recommended. 
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MRI brain without
Findings
There is redemonstration of marked enlargement of the third and bilateral lateral ventricles. There is 
diffuse periventricular white matter T2 hyperintensity, which could represent transpendymal flow of 
CSF. The cerebral aqueduct appears to be patent. There is redemonstration of a large retrocerebellar
cerebrospinal fluid space that communicates with the fourth ventricle. The brainstem and cerebellum 
appear to be compressed and hypoplastic. There is no midline shift or herniation. 

Impression
Redemonstration of marked supratentorial ventriculomegaly and large retrocerebellar cerebrospinal fluid 
space.

36

Before VPS placement

1 month after VPS placement

2 years after VPS placement
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14-year-old male presents to the ED with headaches over the last 4 
months and intermittent vomiting for the last 2 months seems to be 
more in the morning, but for the last 2 weeks the headaches are 
worse, and he is vomiting daily. The caregiver reports he recently 
had to change his prescription for his eyeglasses and thinks this 
might be contributing to his headaches. There is also a concern that 
his grades have been worse than last year; however, he is in high 
school now, and maybe the class work is harder. 

Exam: 
Sleeping, but arousable on exam, complaining of headache. 
Orientated x3
Pupils 4 and sluggish to react. Limited up gaze
Symmetric smile
Strength full in all extremities. Hyperreflexia in lower extremities
Gait ataxic
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4th ventricle 3rd ventricle Lateral ventricles

Head CT without IV contrast

Findings:
There is marked lateral and 
third ventriculomegaly with a 
normal configuration of the 
fourth ventricle. Aqueductal
stenosis can not be excluded. 
No intracranial hemorrhage or 
mass effect is identified. There is 
no shift of the midline 
structures. The visualized 
paranasal sinuses are clear. 

Impression:
Marked lateral and third 
ventriculomegaly which could 
reflect aqueduct stenosis. 
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Axial flair Axial T1 w/o Axial T1 with

MRI brain with and without

Impression
Heterogenous, non-
enhancing infiltrative mass
like process affecting the 
midbrain and the thalami left 
more than right. 

Axial T2 with Coronal T2
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MRI with and without contrast with Pituitary cuts

Finding:
There is a lobulated heterogeneously enhancing mass in the region of the tectum/pineal gland, which appears to have to 
components. The dominant heterogenous, more enhancing component posteriorly measures up to 2.5 x 1.7 x 1.9 cm. 
Anteriorly there is minimally/non-enhancing component, containing a few tiny cystic foci, as well as a few tiny 
hypointesities. It is difficult to discern if the mass is arising from the tectum or the pineal gland. There is no definite 
invasion of the adjacent parenchyma along the tentorium. The mass extends into the third ventricle and obstructs 
outflow, with resultant of moderate dilation of the lateral and third ventricles. 
Impression:
Lobulated mass in the region of the tectum/pineal gland causing moderate obstructive hydrocephalus. Differential 
considerations could include a tectal plate glioma, or primary pineal gland mass such as a pineal germinoma or 
pineocytoma, unlikely a tentorial meningioma. 

Coronal T2 w/o Coronal T1 w/o Coronal T1 with

Axial T1 with Axial Flair

15-year-old male presents to the emergency department with 3-
week worsening headache and intractable vomiting. On exam he 
was noted to have limited up gaze. 
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MRI non-infused lumbar spine results

Findings
Limited by patient motion. There may be minimal transitional lumbosacral anatomy, with
partial lumbarization of S1 vertebrae. The last fully formed disc is at L5-S1 with rudimentary 
disc at S1-S2. The last rib-bearing vertebra appears to be at T12, with 5 other lumbar 
appearing vertebrae. The lumbar spine is in normal alignment, with straightening of the 
normal lumbar lordosis. The vertebral body and disk heights are well maintained. No 
worrisome focal marrow signal abnormality is appreciated. Conus appears to terminate at 
the approximate lower L2 level. As suggested on the ultrasound, there is a focal CSF signal 
intensity cystic structure just distal to the conus measuring 2 x 2 mm compatible with filar 
cyst, which extends approximately 10 mm from mid L2 to mid L3 levels. Although somewhat 
prominent on axial T2 weighted images, the filum terminale measures just under 1 mm, 
within normal limits at L5-S1 level. No abnormal fat signal is identified within the structure. 
Upon prone imaging, there is appropriate ventral motion of the distal thecal sac structures. 

Impression
Transitional spinal anatomy is suggested, with the details above. If surgery is to be contemplated, 
correlation with imaging of the entire spine is recommended. Please note that ribs for spinal vertebral 
counting is not optimally identified on this MRI exam. Slight prominence of filum terminale, although 
without fatty infiltration or abnormal thickening. Conus termination is essentially within normal limits 
without MR evidence of tethered cord. Please correlate clinically. Redemonstration of incidental filar cyst.
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Rudimentary disc at S1-S2

5

4

3

2

1
Conus ends at L2

Filar cyst

T1 weighted sagittal images T2 weighted sagittal images

Filum terminale
5

4

3

2
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Axial T1 at L2

Axial T1 at L3

6-year-old male who presented to the trauma bay unresponsive, not 
opening eyes, and moving extremities to painful stimulation after being 
struck by a car going at high speed (45 mph). Cervical collar placed in the 
field. Patient intubated in the trauma bay for low GCS.

Exam:
Abrasions to face and head
Large degloving to the scalp
Pupils 2 and reactive
Cervical collar in place
Intubated with clear breath sounds
Heart rate regular without murmur or gallop
Abdomen soft and flat
Left leg deformity at the femur. Pulses intact
Moving all extremities to painful stimulation
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Findings
Asymmetric widening of the right 
lateral atlantoodontoid interval 
measuring 8 mm which is 
suggestive of ligamentous injury 
which can be further evaluated by 
MRI. Avulsion fracture of the right 
aspect of the dens (206/image 34)
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Sagittal stir

Axial T2

Findings
The asymmetric widening of the right lateral atlatoodontoid interval and small avulsion fracture of the right aspect of the 
dens are better delineated on the prior CT. There also appears to be disruption of the adjacent ligaments and widened 
bilateral atlanto-occipital spaces. There is extensive preverterbral and epidural fluid with effacement of the thecal sac, 
nearly compressing the spinal cord. There is otherwise no abnormal signal in the spinal cord. There is also extensive edema 
in the posterior upper cervical paraspinal muscles and a fluid collection in the posterior neck subcutaneous tissues. 
Impression
Extensive craniocervical junction injury consisting of asymmetric widening of the right lateral atlatoodontoid interval and 
small avulsion fracture of the right aspect of the dens are better delineated on the prior CT, as well as disruption of the 
adjacent ligaments and widened bilateral atlanto-occipital spaces, prevertebral, epidural, and posterior neck subcutaneous 
tissue hematomas, and paraspinal muscle sprains

Sag T2
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After Halo 
placement

Before Halo 
placement

Future of MRI
• Functional MRI

• Introduced in the early 2000
• Non-invasive ability to map brain activity 

• Blood flow increases in the areas of the brain used to complete task
• Analyze motor, sensory, and cognitive 

• Shorter MRI sequencing
• Decrease sedation requirements

• Motion degraded images
• MRI sequencing for specific questions
• Decreases radiation exposure

47Azhari et al., 2020; Vossough, 2023 48

14 year old female with know cavernous malformation 
presents for pre-operative planning of resection of 
cavernous malformation. Given the location of her CCM a 
functional MRI was completed prior to surgery to assess 
motor function.
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Stroke MRI fast sequencing

Axial diffusion Axial flair Axial diffusion b1200 

CT head perfusion scan

Putting it all together
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An 8-week-old male, born at 34-weeks via C-section secondary to breech presentation, 
nuchal cord, and decelerations returns to the clinic for a 2-month evaluation. Caregiver 
has no concerns. Infant has been breastfeeding every 2-3 hours and latching without 
difficulties.

Physical Exam
Heart rate 158, respiratory rate 34, temperature 37.6, Head circumference 38 cm
Constitutional: Normal appearing, alert
HEENT: Anterior fontanelle soft and flat, sutures are slightly split, pupils are responsive, 
(+) red reflex
Cardiac: regular rate and rhythm, no murmur
Respiratory: Lungs clear
Abdomen: soft and flat. No masses on palpation
Neuro: symmetric movement of extremities, (+) suck reflex, (+) startle reflex
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Head Circumference

Birth: 30.5 cm
2 weeks: 32 cm
4 weeks: 35.2 cm
8 weeks: 38 cm

49 50

51 52



EXAM: Head ultrasound.

FINDINGS:

No evidence for germinal matrix hemorrhage or periventricular
leukomalacia. No hydrocephalus. Midline structures are intact.

IMPRESSION:
1. No evidence for intracranial hemorrhage.
2. No hydrocephalus.

53

There is a moderate volume of fluid within the subdural space
bilaterally.

3. Moderate subdural effusions bilaterally.

Provider sends patient to a community emergency department for further 
evaluation. Patient was clinically well appearing when they arrive at the 
emergency department. The provider in the emergency department 
prescribes a non-infused head CT to evaluate the subdural effusions.
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FINDINGS 
No evidence of acute intracranial hemorrhage. Redemonstration of low-density subdural collections 
overlying both frontoparietal convexities measuring up to 8 mm in thickness on both sides. No midline 
shift. Basal cisterns are patent. The ventricles and sulci are normal in size and configuration. Gray-white 
matter differentiation is preserved. No gross CT evidence of acute infarct, however MR is a more sensitive 
exam for detection of acute ischemia. The visualized mastoid air cells and paranasal sinuses are clear. 
Incidental note of cavum septum pellucidum and cavum vergae. No displaced skull fracture. 
IMPRESSION
1. No evidence of intracranial hemorrhage. 2. Redemonstration of low-density subdural collections 
overlying both frontoparietal convexities measuring up to 8 mm in thickness on both sides. No midline 
shift. 

After CT is completed, patient is transferred to a children’s hospital for higher 
level of care with concern for subdural hemorrhages related to non-accidental 
trauma. 
Patient arrives at children’s hospital in no distress. Exam is unchanged from 
the clinic exam. 

Given CT scan results from the outside hospital. The patient is prescribed an 
MRI of the brain without for further evaluation. The child protective services 
was also consulted. 
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Axial Flair Axial T1

Coronal T2 Axial T2
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Findings:
Symmetric bilateral widening of the extra-axial spaces along the frontal lobes is favored to 
reflect expansion of the subarachnoid spaces. No convincing evidence of an epidural or
subdural fluid collection is detected. No findings are seen to suggest acute or chronic
hemorrhage within the extra-axial spaces or brain parenchyma. No restricted diffusion, 
parenchymal edema or mass effect is detected. No abnormal extra-axial collections are observed. 
Ventricular size and morphology are within acceptable limits. Persistence of the cavum septi
pellucidi is a normal variant. Degree of sulcation is appropriate for corrected gestational age. 
The corpus callosum is fully formed and intact. The pituitary region and optic apparatus are 
unremarkable. The brainstem, cerebellar vermis and cerebellar hemispheres demonstrate normal 
morphology. The posterior fossa is normally sized. 

Impression:
Findings are seen compatible with benign prominence of the extra-axial spaces in infancy.
No acute intracranial findings are identified including no evidence of any extra-axial collection or 
intracranial hemorrhage.
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• Normal for developmental age until 2 years 
• Monitor head growth if child is developing appropriately

• Why?
• Head growth sometimes is faster than brain growth

• Consider parents head size
• Average adult females head circumference is 55 cm

• Mother’s head circumference was 59 cm
• Average adult male head circumference is 57 cm

• Father’s head circumference was 60 cm
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