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DCMC Emergency Department
Radiology Case of the Month
These cases have been removed of identifying information. These
cases are intended for peer review and educational purposes only.
Welcome to the DCMC Emergency Department
Radiology Case of the Month!
In conjunction with our Pediatric Radiology
specialists from ARA, we hope you enjoy these
monthly radiological highlights from the case
files of the Emergency Department at DCMC.
These cases are meant to highlight important
chief complaints, cases, and radiology findings
that we all encounter every day.
If you enjoy these reviews, we invite you to
check out Pediatric Emergency Medicine
Fellowship Radiology rounds, which are offered
quarterly and are held with the outstanding
support of the Pediatric Radiology specialists at
Austin Radiologic Association.
If you have and questions or feedback
regarding the Case of the Month format, feel
free to email Robert Vezzetti, MD at

This Month:

Cervical spine injuries are uncommon

in pediatric patients. When they do occur, though, early
detection and appropriate management are critical to
prevent morbidity and mortality. Special thanks to Drs
Ada Earp (EPM Attending) and Erin Munns (PEM Fellow)
for sharing this case!

PEM Fellowship
Conference Schedule: January 2019
2nd - HAPPY NEW YEAR! NO CONFERENCE
9th - 9:00 Radiology: The Vomiting Child..Drs Vezzzetti/Slubowski/Truong
10:00 Biostats: Correlation and Regression………………Dr Wilkinson
12:00 ED Staff Meeting
16th - 9:00 Simulation Day: TBD……………………..……Simulation faculty
23rd - 9:00 DKA & Hyperglycemia……..………..……Drs Schwartz & Schunk
10:00 Endocrine Emergencies (not DKA)…..Drs Vezzetti & Arredondo
11:00 Presentations in Academic PEM…………Drs Allen & Sivisankar
12:00 Research Meeting
29th - Journal Club
30th - 9:00 M&M…………………………………………..…..Drs Levine & Singh
10:00 Board Review: HEENT……………………………………Dr Floyed

Simulations are held at the Seton CEC.
Lectures are held at DCMC Command Rooms 3&4.
Locations subject to change.

Historians widely accept that the concept of New
Year’s Eve celebration was first done in Mesopotamia in
2000 BC.
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In 1522 in Venice, January 1 was first recognized as
the start of the New Year.
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The first New Year’s College Bowel Game was played
on 1902, with Michigan playing Stanford - Michigan
won 49-0.
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Case History
Kind of a light influenza season so far in the Pediatric Emergency Department so far this season. As you settle into your early evening shift, you hear
EMS code into the radio: thy are bringing a 13 year old male from a rollover motor vehicle accident. The patient is on a backboard and in a cervical
collar; he is complaining of neck pain. The speed was 50 MPH. Since the accident is a rollover, this is a Trauma Code and you know that the
Pediatric Trauma Team will be involved in this child’s care. EMS brings the patient into the ED and they tell you that the vehicle he was in rolled over;
they are unsure exactly how. The patient was a restrained (seatbelt/lapbelt) back seat passenger and he self-extricated at the scene. He did not
ambulate much though, because he noted pain to his upper neck, especially when he attempted to motion. EMS immediately placed a cervical collar
on the patient and he was transported here. He has no other obvious injuries and no other complaints.
On exam, you note his vital signs: T - 98.6 HR - 71 RR - 22 BP - 131/66 Sat - 98% (RA) Wt: 71kg. You go through the Trauma ABCDE’s (Airway,
Breathing, Circulation, Disability, Exposure) and things seem to be ok during your primary survey. His GCS is 15. You begin your secondary survey
and, when you examine the child’s neck, he has some incline pain around C2 - C3. There is no crepitus, deformity, or step off. You do not attempt to
clear his cervical spine and leave the collar in place. You continue with your examination and find no other injuries to complaints. You pay special
attention to his neurologic examination, which is grossly normal. He has intact sensation and normal gluteal squeeze.
You start to think about this child’s neck pain, which seems to be his only finding. Can you clinically clear him without imaging? If you decide to
obtain imaging, what modality should you choose? Are plain radiographs of the cervical spine adequate to detect fractures? Should you obtain a
cervical spine CT (without contrast) instead, because that is a more sensitive modality for detecting spine fractures in children…or is it? Maybe an
MRI would be a better test; he’s old enough to sit still for a quick MRI of the neck, right? Perhaps you should just ask the Pediatric Trauma Service or
maybe Pediatric Neurosurgery for recommendations. Of course, it would be nice to make a decision and start whatever workup you think he needs.

Cervical Collars and Clinically Clearing the Cervical Spine
Confused about what cervical collars are out there and how/when to use them? Here’s a brief primer:
Who needs a cervical collar? The answer is, it depends. In general, any child in whom a cervical spine injury is suspected should have a cervical
collar applied. That’s pretty broad, I know, but remember that cervical spine injuries in children are not common.
Clearing the Cervical Spine
While there are clinical guidelines in adult populations that help a clinician determine the presence of a cervical spine injury (NEXUS and Canadian
Rules - see below), clearing the cervical spine pediatric patients is not as clear cut. Imaging is not indicated in patients with a low risk mechanism,
there is a normal physical (including neurologic) examination, and there are no predisposing underlying medical conditions. An excellent study by
Arbuthnot, et al, found that in children younger than 21 years of age, a cervical spine clearance algorithm had a sensitivity of 94% and a negative
predictive value of 99% (prevalence of cervical spine injury for their population was 1.7%). CT in this study was utilized 10% of the time. One injury
(a low cervical spinous process fracture) was missed.
NEXUS Study Criteria: Alert/stable, no near deficit, no altered level of consciousness, not intoxicated, no midline spinal tenderness, no distracting
injury. Sensitivity: 99.6% specificity 45%. NOTE: <2.5% of patients were < 8 years old.
Canadian C-spine Rules: No high risk mechanism (fall from < 3 feet, no axial load to head, MVC < 60 MPH without rollover or ejection), no risk factors
(in this study, age > 65 years old), no paresthesias, AND low risk mechanism (low speed MVC, sitting position in the ED, ambulatory since injury,
delayed onset of neck pain, no midline c-spine tenderness). IF these criteria are met, then the patient should undergo neck motion testing (moving
the neck to 45 degrees). If there is no pain, then no imaging is required. Sensitivity: 99%, specificity 13%. NOTE: No patients were < 16 years old.

CASE UPDATE
Remember our child with the abdominal lymphatic malformation from December? Well, check out the
image to the right. This is what the DCMC Pediatric Surgical team found and removed from this patient.
Impressive, isn’t it? At last check, the child is doing well. Image courtesy of Dr Tory Meyer.
The first New Year’s Ball was dropped in Times Square in 1907.

Instead of lowering a giant ball of lights on New
Year’s Eve, Brasstown, North Carolina lowers a
possum. It’s known as “The Possum Drop”.
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Pediatric Cervical Spine Injury
Cervical spine injury in the pediatric population is not common, accounting for less than 2 per cent of all blunt trauma patients. Mechanism is important in
6 spine
NO injury
1 is present. Severe force (MVC or high fall), axial load injuries, acceleration-deceleration injuries,
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specific activities (ie football or trampoline use) increase the risk of a cervical spine injury. Younger children tend to have higher injuries (this included spinal cord
injuries) while older children tend to have lower location injuries (occiput to C2 in the former and C2-C7 in the latter).
Consider that children have large head relative to their bodies, weaker cervical musculature, and varying location of an anatomic fulcrum (higher in younger children
and this progresses caudally as the child ages), all of which predispose them to cervical spine injuries in the correct clinical setting. Don't forget that young
children can tolerate more distraction of the spinal column relative to the cord, playing these children at risk for Spinal Cord Injury Without Radiographic
Abnormality (SCIWORA). While a discussion of SCIWORA is beyond the scope of this month's case, note that there is increasing controversy about this entity as
well as its diagnosis and, sometimes, treatment.
Certain medical conditions can also predispose children to cervical spine injury. This includes Down Syndrome (atlantoaxial instability), Morquio Syndrome
(hypoplasia of the odontoid), and Klippel-Feil Syndrome (congenital fusion of cervical vertebrae). Children with osteogenesis imperfect, Marfan Syndrome, and
Ehlers-Danlos Syndrome are also predisposed to cervical spine injuries.

Pediatric Cervical Spine Imaging
While there is no solid rules governing which children should undergo cervical
spine imaging, as a general rule, consider imaging in the following instances:
1.
2.
3.
4.
5.
6.

Midline posterior neck pain/tenderness
Limited range of motion
Altered mental status (accepted as a GCS < 14)
Focal neurologic findings
Underlying medical conditions (ie Down syndrome)
High risk mechanisms (severe MVC, Hanging, Diving, etc)

A PECARN study in 2015 found posterior neck tenderness was not
independently associated with cervical spine injury but many trauma centers
include it in their risk criteria. There are two accepted risk stratification
criteria: NEXUS (National Emergency X-ray Utilization Study) and the Canadian
Clinical Decision Rule that are very useful in adult patients. However, they are
not sensitive for excluding cervical spine injury in pediatric patients, especially
those under 8 years of age, as these studies have very few children under this
age and none under 2 years of age. That’s something to think about, isn’t it?
Generally speaking, if a child has a low risk mechanism and a normal physical
examination, imaging is not indicated.

Imaging the Pediatric Cervical Spine: A Primer
Plain radiography, as noted, is still the initial imaging modality of choice in
children with potential cervical spine injury. But, does one obtain a 2 view or a
3 view of the cervical spine? In an odontoid view necessary?
Ideally, a 3 view cervical spine (lateral, AP, and odontoid views) can provide a
good assessment of cervical spine injury in the majority of pediatric patients.
The lateral view alone has a sensitivity of 79% and that increases to 90% when
combined with another view. It is very important to obtain adequate views
(using good technique).
In young children, avulsion injuries, and epiphyseal separations are more
common than fractures. This holds true until around 8 years of age, when the
anatomy becomes more like an adult’s, but variations can occur until about 15
years of age in healthy children. One finding that can make interpretation
difficult is the presence of pseudosubluxation.
Normal AP View

Imaging Modality Choice
Plain Radiographs - This is the initial imaging modality of choice for the vast
majority of children and have been proven to have an adequate sensitivity for
detecting unstable fractures or dislocations of the cervical spine. The
advantage, of course, is availability, speed of the study, and low exposure to
ionizing radiation.
Computed Tomography - This modality is becoming more popular. Pict is
excellent at detecting fractures and is radio as well as available. There is
exposure to ionizing radiation, however. In general, if a child is undergoing CT
imaging of the brain, some experts recommend obtaining CT imaging of C1-C3
during the study. Others have recommended CT if there are abnormal plain
imaging findings, if plain imaging is inadequate, or if there is a high risk
mechanism/clinical suspicion.
MRI - More of a secondary study, if there is abnormal neurologic findings or of
there is a need to image the cord itself. MRI is also useful to identify
hemorrhage and ligamentous injury. MRI is less sensitive for fractures of the
posterior elements of the spine. While there is no exposure to ionizing
radiation, the time required to complete the study often requires sedation in
young children.
Other Studies - Where there is one fracture, there is often another. Consider
imaging of the thoracic and lumber spine when a cervical fracture is found.
In general, if a child has neurologic findings, then a CT and/or MRI should be
the study if choice; if there is a normal exam, go with plain radiography.
Measurements: Approximations
Predental Space - should be less than 5 mm in pediatric patients.
Retropharnygeal space - should be less than 6 mm at C2.
should be less than 22 mm at C6.

Normal Lateral View

Normal Odontoid View

Lateral View - C1-T1 should be
visualized. Sometimes, a
“Swimmer’s View” is needed in
older children to better visualize
the lower cervical and upper
thoracic vertebrae.
AP View - useful to identify
lateral mess fractures.
Odontoid View - The dens and
body of C2 between the lateral
masses of C1 are best visualized
on this view. However, this view
is difficult to obtain in younger
3 a Waters
children; in this case
view may be helpful.

C2 on C3 psedousubluxation is present in about 40% of children
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Swischuck Line

Swischuk Line - this is a handy measurement to determine if
there is pseudosubluxation. A line is drawn from the
anterior aspect of the posterior arch of C1 to the anterior
aspect of the posterior arch of C3 (red line). The anterior
aspect of the poerterior arch of C2 should be within 1-2 mm
of this line. Less than 2 mm deviation is consistent with
pesudosubluxation but more than 2 mm is concerning for
true subluxation (can accept up 4o 4 mm is the posterior
laminar line is contiguous.. This line is named after Leonard
Swischuk, a prominent Pediatric Radiologist at the UT
Medical Branch - Galveston.
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Pseudosubluxation

The 4 red lines in the middle image are
important anatomic lines: 1 Anterior
vertebral line, 2 Posterior vertebral line,
3 Spinolaminar line, 4 Posterior spinous
line. These re helpful in detecting
fractures or dislocation of the vertebral
spine.

In light of the patient’s symptoms and history, you elect to obtain a CT scan of the cervical spine
(again, some controversy with this). Selected images are noted to the left and below. These images
demonstrate a minimally displaced comminuted fracture of the odontoid process of C2, extending
obliquely from the base to the mid portion of the dens (red arrow). There is associated pre vertebral
son tissue swelling (yellow arrow). This fracture is consistent with a Type II Odontoid Fracture.

Hangman’s Fracture
Don’t forget, the Hangman’s
fracture involves the posterior
elements of C2 (the pars
interaticularis) and is caused
by an extension type injury.
Dens (Odontoid) Fractures
The dens is not commonly injured in pediatric patients, but most C2 fractures involve this
structure. There are three types:
Type I - Involve the tip of the odontoid (uncommon).
Type II - Involve the base of the dens and are the most common fracture.
Type III - Occur at the base of the dens and extend obliquely into the body of the axis.

Flexion-Extension Radiographs: Are They Needed?
Traditionally, flexion-extension views were obtained to look for cervical spine instability,
atlantoaxial joint instability, and ligamentous injuries. These images require patient
cooperation and if there is pain while obtaining the images, the study should be stopped.
As it turns out, though, flexion-extension views of the cervical spine add little to the
evaluation and management of pediatric patients with possible cervical spine injuries. The
NEXUS study did note 2 patients that had stable bone injuries and 4 thatched subluxation
that were detected by flex-ex views. For the most part, though, flex-ex views are not used.
During 2019, there will be a total of FIVE eclipses: 1/6 (partial
solar), 1/20-21 (total lunar), 7/2 (total solar), 7/16 (partial
lunar), and 12/26 (annular solar). UP to 7 eclipses can occur
in a given year; the last time this occurred was in 1982.
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The Reykjavik, Iceland fireworks display on New Year’s Eve is
one of the largest in the world, and most fireworks sales fund
rescue operations in the country.
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On New Year’s Eve, residents in a small neighborhood in
Johannesburg, South Africa collect old appliances, carry them
up to apartment building rooftops and toss them down to the
streets far below.
January 2019

Case Resolution:
Pediatric Neurosurgery and the Spine Surgery Team were consulted. In light of the CT findings, the patient had an MRI of the spinal canal performed
which did not demonstrate hemorrhage, spinal cord contusion, or ligamentous injury. The child was taken to the operating room for placement of K
wires and odontoid screw to stabilize the fracture. The position of the placed hardware was confirmed with intra-operative fluoroscopy and CT; it was
found to be satisfactory. While he tolerated the procedure well, post-operatively he was found to have difficulty swallowing. He was evaluated by
ENT and underwent a functional endoscopic evaluation. This revealed some aspiration with thin liquids and was started on a thickened diet. The
remainder of his hospitalization was uneventful. He was discharged in a cervical collar and arrangements were made for followup with Pediatric
Neurosurgery and Spine Surgery. A followup modified barium swallow study was scheduled for one week after discharge. While the child was
allowed to return to school (within 2 weeks) he was restricted from physical education, sports, and sterns physical activity. Appropriate pain
medications were provided as well.
Teaching Points
1.
2.
3.
4.
5.
6.
7.
8.
9.

During the initial assessment of any patient with suspected cervical spine injury, precautions should be taken to protect the spine with immobilization, including
an appropriately sized cervical collar.
Always consider cervical spine injuries in any pediatric trauma patients, but especially in patients with a high risk mechanism/history, or a concerning physical
examination.
Hypotension in the pediatric trauma patients is due to hemorrhage almost always and should be treated as such. However, consider the rare entity of neurogenic
shock from a spinal cord injury in the persistently hypotensive patient who is not responsive to appropriate fluid/blood resuscitation. These patients may require
vasoactive medications, etc.
While there are validated studies in adult trauma patients addressing imaging and imaging choices, there is a lack of studies in the pediatric population. The
decision to image a pediatric patient should rest on history/mechanism and physical examination findings, as well as the experience of the clinician.
Children who have a low risk mechanism and a normal physical examination, including a neurologic examination, do not require routine imaging.
Plain radiography of the cervical spine is still the initial imaging modality of choice in pediatric patients. Obtaining an odontoid view is a matter of some
controversy, as younger patients often will not cooperate to produce a useful image. A Waters view in children under the age of 2 may be helpful instead of the
odontoid view.
CT scanning of the cervical spine (noncontrast) may be appropriate in certain clinical settings. Many institutions, including DCMC, have protocols addressing
when CT use is indicated. In general, if there are concerning historical or physical examination findings, then CT is suggested as a first line imaging modality.
Cervical spine fractures are not common but when present, call for prompt Pediatric Neurosurgical and/or Spine Surgeon consultation. Unstable fractures need
surgical intervention.
Always maintain cervical spine precautions in pediatric trauma patients until conditions are appropriate for clinical and/or radiographic clearance.
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Happy New Year!!
Dona Nobis Pacem
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