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Cervical spine clearance in the pediatric trauma population:
What you need to know

Katie W. Russell, MD, Anastasia Kahan, MD, and R. Scott Eldredge, MD

Evaluation of the pediatric cervical spine after blunt trauma is an important topic that requires special consideration. In this article,

we will review background information and differences between the pediatric and adult cervical spine. We will then give up-to-date
guidance on best practice for screening and clearance of the cervical spine in children, including the advantages and disadvantages
of different imaging techniques. Finally, we will introduce current topics of study and surmise what changes or innovations may be
coming in the future. (J Trauma Acute Care Surg. 2024;00: 00-00. Copyright © 2024 Wolters Kluwer Health, Inc. All rights
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C ervical spine injuries in children are serious; however, these
types of injuries are uncommon. In the United States, mil-
lions of children are evaluated every year for possible cervical
spine injury, but less than 1% are diagnosed with a clinically sig-
nificant cervical spine injury.' > While missing an injury could
potentially result in devastating outcomes, the overwhelming
fear of missing an injury resulting in overscreening and treat-
ment may also have consequences. Emergency medical services
providers are trained to almost ubiquitously apply cervical col-
lars to patients who have endured trauma, and first-line hospital
providers may be overly cautious when evaluating the cervical
spine in children. Robust research and organized implementa-
tion are necessary to help direct management of the pediatric
cervical spine.

There are notable differences when thinking about the pe-
diatric cervical spine after blunt trauma compared with their
adult counter parts. The first is that younger children do have
different injury patterns than adults. Young children have rela-
tively large heads, incomplete ossification, and a reliance on lig-
amentous structures for stability. Children younger than 9 years
have a higher percentage of axial injuries (occiput-c2) compared
with adults who more frequently have subaxial (c3—7) injuries,
but by the age of 9 years, research has shown that injury patterns
closely resemble those of adults.* ® Also noteworthy is the in-
ability of preverbal children to actively participate in a physical
examination causing some providers anxiety.

Perhaps most importantly is the consideration of radiation
risk in children. As providers of pediatric trauma care, we are
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constantly weighing the risks and benefits of ionizing radiation
on the individual patient. In adult trauma, the risk of ionizing
radiation from imaging is far lower than the risk of missing an
injury by forgoing imaging. In pediatric trauma, it is our respon-
sibility to encourage proper imaging stewardship to dissuade un-
necessary imaging in low-risk patients and obtaining appropriate
imaging in those at high or medium risk for injury. However, it
can be difficult to categorize patients into injury risk strata. We
must identify patients who need imaging, use the appropriate
imaging modality, and help design imaging protocols to acquire
excellent images with as low as reasonably achievable amounts
of radiation. While the exact risk of radiation is difficult to de-
fine, Pearce et al.® looked at a sample of children who underwent
computed tomography (CT) evaluation in England, Wales, or
Scotland and found that a cumulative dose of 50 to 60 mGy tri-
ples the risk of leukemia and brain tumors. Other studies de-
scribe the incidence of developing cancer as 24% higher among
children who had a CT than those who did not, and the lifetime
risk of thyroid cancer is 78% higher in persons who had a single
cervical spine CT as a child.*'* An article by the American
Pediatric Surgical Association estimated one cancer-related fa-
tality per every 1,000 CTs preformed in young children.'' In
summary, while the injured patient needs a thorough evaluation,
thought and deliberation should be taken on who requires imag-
ing to limit and avoid ionizing radiation whenever possible to
thwart long term risks of radiation exposure.

CERVICAL COLLAR

Cervical immobilization following blunt trauma has en-
tered the realm of surgical dogma. In many areas of the country,
emergency medical services providers are trained to routinely
immobilize trauma patients with cervical-collars (c-collars) and
backboards to stabilize a potential spinal injury.'* A c-collar
undoubtably has the effect of reminding healthcare workers to
be careful when transferring and handling the injured patient.
While a campaign to eliminate c-collars is perhaps ill advised,
it is important to recognize the limited evidence to support the
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use of these devices. There are reports that question the transcen-
dent nature of the cervical collar. Hauswald et al."* compared
cervical immobilization in New Mexico with a lack of immobi-
lization in Malaysia and concluded that immobilization was at
least of no value and potentially harmful. The study design is
somewhat contentious but thought provoking.'* Furthermore,
Horodyski et al.'* preformed motion analysis on five lightly
embalmed cadavers after creating unstable cervical spine inju-
ries and found that the c-collar did not limit motion in any
way. In addition, there are reports that cervical collars can aggra-
vate atlanto-occipital dislocation (AOD) by adding external ex-
tension.'> When an AOD injury pattern is detected, sand bag im-
mobilization is preferred over a rigid collar.

External immobilization devices harbor other risks as well.
Todd Maxon, a renowned pediatric trauma surgeon, is quoted as
saying “do not even think about putting a c-collar on me,” after
enduring his own motorcycle crash because of his fear and anx-
iety of respiratory and airway compromise related to a device he
was sure he did not need. Risks of external cervical immobiliza-
tion include difficulties with airway management, reduced respi-
ratory capacity, increased intracranial pressure, patient discomfort
and anxiety, and c-collar—associated pressure ulceration.'® ' In-
creased intracranial pressure is a significant concern in patients
with traumatic brain injury.*® Chan et al.®' reported cervical
collar complications in 10% of pediatric patients in their retro-
spective cohort study and associated these complications with
longer time to cervical spine clearance and higher injury sever-
ity. Among adults, there are reports of pressure injuries in 7%
to 38% of trauma patients. *>*> Melhado et al.'® recently pub-
lished a retrospective review of trauma patients in the Western
Pediatric Surgery Research Consortium (WPSRC) reporting
only 32 stage 2 and greater pressures injuries out of nearly
50,000 patients. The pressure injuries were typically in children
admitted to the intensive care unit and with documented cer-
vical spine injuries. They also observed a median time of
11 days posttrauma to detection of c-collar—associated pressure
ulcerization.'” While the exact prevalence of these injuries is
likely driven by local milieus, the Agency for Healthcare Re-
search and Quality has declared pressure ulcers as never events.
Multidisciplinary concerted efforts are needed to prevent pres-
sure injuries secondary to cervical immobilization whenever
possible. It is important to understand the limitations of the
c-collar and use appropriate judgment when managing patients
in these devices.

CERVICAL SPINE SCREENING

All blunt trauma patients need to be considered for cervi-
cal spine injury; however, there is a dilemma in which patients
can be cleared clinically by physical examination and those
who need an imaging adjunct as part of clearance. Several deci-
sion rules to guide imaging have been crafted and validated
in adults with almost universal implementation. The National
Emergency X-ray Utilization Study prediction rule was intro-
duced in 2000 and has been shown to have 100% sensitivity
when used in the emergency department for adult trauma
patients.***> However, the validity of National Emergency X-ray
Utilization Study among children has been called into question
as the original study only included 3,065 children, and of those,
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only 30 were found to have cervical spine injuries with no inju-
ries in the younger than 2 years of age cohort.'*** While this
decision-making tool has been applied to children across the
United States, the quality of research specific to children is
questionable.?*>° Similarly, the Canadian C-spine Rule has ex-
cellent sensitivity in alert adults, but the applicability to children
is unknown.?" Most projects dedicated to defining a rule spe-
cific to children have been limited by single center design, and
small numbers.?® A retrospective multicenter cohort, PEDSPINE
(Clinical Clearance of the Cervical Spine in Blunt Trauma Pa-
tients Younger Than 3 Years), evaluated a scoring system for
children younger than 3 years, but with a sensitivity of 76%,
the utility is limited.” For the last several years, the Pediatric
Emergency Care Applied Research Network (PECARN) has
been systematically working on a pediatric cervical spine injury
risk assessment tool.** >

The PECARN prediction rule for cervical spine imaging
was published in June of 2024 (Fig. 1). This study included
22,430 children across 9 pediatric emergency departments, with
half in the derivation cohort and half in the validation cohort. A
total 0f 433 (1.9%) had confirmed cervical spine injuries that re-
quired surgical intervention or hospital admission. During the
first phase of this study, the researchers identified high risk indi-
cators of cervical spine injury, which included altered mental
status (GCS score of <9 or unresponsive on Alert, Verbal, Pain,
Unresponsive scale), abnormal airway, breathing or circulation,
and focal neurologic deficits including weakness, paresthesia,
and numbness. The risk of a significant cervical spine injury
was 12.1% in patients with the above risk factors, and in the
presence of these findings, a cervical CT is recommended. They
found a second group of indicators pertaining to a nonnegligible
risk of cervical spine injury: reported neck pain, altered mental
status (GCS score of 9—14; verbal or pain on Alert, Verbal, Pain,
Unresponsive scale; or other signs of altered mental status), sub-
stantial head injury, substantial torso injury, and midline neck
tenderness. In this group, the risk of significant injury was
2.8%, and in the presence of these risk factors, we recommend
cervical x-ray. When the PECARN decision-making tool was
applied for validation, it was determined to have a sensitivity
01 94.3%, a specificity of 60.4%, and a negative predictive value
0f99.9% in the detection of cervical spine injury in children. A
total of 29 children with cervical spine injuries were missed by
the rule, but none of these children required surgical interven-
tion, and on retrospective analysis, most actually did have risk
factors documented. By applying this rule, the use of CT would
have been reduced by more than 50% without missing relevant
injuries or increasing the number of x-rays.> The PECARN pre-
diction rule is a well-executed, high-quality study in a field with
a paucity of quality research. The authors support rapid imple-
mentation of this rule followed by monitored assessment.

CERVICAL SPINE IMAGING

Radiologic interpretation of the cervical spine in children
can be challenging because of morphologic changes of the ma-
turing pediatric cervical spine. Several studies have highlighted
the importance of subspecialty training in radiology and the im-
portance of pediatric overreads when interpreting cervical spine
images.*>>° Hassan et al.>’ specifically looked at the differences
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High-risk factors*

° GCS score 3-8 or unresponsive
on the AVPU scale

Risk of cervical spine injury

° Abnormal airway, breathing, or
circulation

° Focal neurological deficits on
examination

No

A 4

CART-derived risk factors

o Altered mental statust

Yes | 187/1549 (12.1%)
Consider CT

Risk of cervical spine injury

o Self-reported neck pain or neck
tenderness on examination
° Substantial} head or torso injury

No

No risk factors

Yes | 2177676 (2.8%)

Consider plain x-ray

Risk of cervical spine injury
Yes

29/13205 (0.2%)

h 4

Consider clinical clearance

Figure 1. The PECARN cervical spine injury prediction rule.> Clinical algorithm for cervical spine imaging in children after blunt trauma
predicated on the PECARN cervical spine injury prediction rule. Data are n/N (%). The risk of cervical spine injury was calculated from the
combined derivation and validation cohorts using eligible children's risk factor data as recorded electronically by attending emergency
department clinicians. High-risk factors were used to determine when CT is warranted for a child presenting to an emergency
department after blunt trauma, and CART-derived risk factors were used to determine when plain x-rays were warranted. *High-risk
factors confirmed using bivariable Poisson regression with robust error estimates. FAltered mental status was defined as GCS score of 9 to
14, verbal or pain on AVPU, or other signs of altered mental status. Substantial injuries were defined as those that warranted inpatient
observation or surgical intervention. AVPU, Alert, Verbal, Pain, Unresponsive scale of consciousness; CART, classification and regression

tree analysis; GCS, Glasgow Coma Scale.

among radiologists in interpreting cervical spine CTs and con-
cluded that pediatric subspecialization improved the sensitivity
of identifying cervical spine injuries in children. Pediatric subspe-
cialists were more likely to identify injuries at the craniocervical
junction. Knowledge of pediatric-specific injury patterns and
developmental nuances heightens awareness to subtle imaging
findings.?” It is important to highlight that pediatric-specific in-
stitutions may have resources not available to adult trauma cen-
ters or general community hospitals that care for most pediatric
trauma patients.

Current literature documents varying utilization of differ-
ent imaging modalities for cervical spine evaluation. Ross et al.*®
reported on cervical spine imaging practices in 35 children's
hospitals using the Children's Hospital Association's Pediatric
Health Information System. They identified 25,238 pediatric pa-
tients evaluated in the emergency department for a traumatic in-
jury and found that 66% of pediatric trauma patients underwent
cervical spine x-ray alone, while 24% underwent CT alone.
When stratified by age, children who were younger than 3 years
and those between 15 and 17 years old were more likely to be
evaluated with CT. Disturbingly, throughout the duration of the
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study, the use of CT increased by approximately 1.4% per year,
while the use of x-ray decreased by 1.6% per year. The rate of
x-ray or CT alone across hospitals ranged from 7.6% to 91.2%
and 2.1% to 85.9%, respectively. The use of magnetic resonance
imaging (MRI) did not change over the study duration and was
obtained in approximately 5% of pediatric trauma patients.*®
Massoumi et al.>” also observed a significant variation in the im-
aging modality used to evaluate the cervical spine using the
Trauma Quality Improvement Program database. When stratify-
ing by trauma center designation, level I trauma centers were less
likely to use CT in younger children than level II or III trauma
centers. In addition, pediatric-designated trauma centers were
less likely to use CT and more likely to use MRI.* Kim et al.?
similarly found that pediatric trauma centers were less likely to
use CT for cervical spine evaluation. Hereinafter, we highlight
the test characteristics, the benefits, and the downsides of each
imaging modality.

Plain Film Radiography

X-ray is an effective screening tool for pediatric cervical
spine injury when a patient presents with normal mental status
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and can actively participate in a clinical examination, including
alert infants and toddlers. X-ray provides an advantage as radio-
graphs can be easily obtained, sometimes in the trauma bay, and
have a tenth of the radiation exposure compared with CT.***!
The sensitivity of x-ray in identifying cervical spine injuries has
variable report, ranging from 56% to 100%. This variation is
likely due to different factors including technique, quality, pretest
probability, and experience of the radiologist and radiographic
technician.?®***>* A lateral view with the patient in a supine po-
sition has a higher sensitivity for detecting injury compared with
anteroposterior and odontoid views. The standard of care for cer-
vical spine x-ray is a lateral image, which includes all seven ver-
tebrae from the base of the skull to the top of the first thoracic
vertebrae.**** In obtunded children, the role of the x-ray is limited
because of a higher prevalence of cervical spine injury and a lower
test sensitivity.*® In 2024, Jeong et al.*’ found that x-ray only iden-
tified 71% of AODs and 50% of the atlanto-axial dislocations in
children with a GCS score of <9, in their single-center study.

Despite the benefits in children, utilization of cervical
spine x-ray has crept out of many adult trauma centers and com-
munity hospitals, as this practice has largely been abandoned in
adults given anatomic considerations such as degenerative joint
disease and a relatively lower risk of radiation with CT.>**%4°
The literature suggests that the use of x-ray alone for cervical
spine evaluation and clearance is insufficient in adult trauma
patients.**° Fisher and Young® recently observed that 20%
of adult trauma patients who underwent both x-ray and CT had
a fracture that was missed on x-ray. Furthermore, technological
advancements allow for CT images to be obtain more expedi-
tiously, negating this historic benefit of plain x-ray.*>! Given
that x-ray is not routinely obtained in the evaluation of adult
trauma patients, these centers may be more reluctant when eval-
uating a pediatric patient. Similarly, the radiologists may be less
comfortable with this technique. Despite its limitations, x-ray re-
quires promotion in appropriate pediatric patients to reduce the
risks with ionizing radiation in children with a low probability
of cervical spine injury.

Computed Tomography

The role of CT in evaluating and clearing the pediatric cer-
vical spine is controversial. The first concern is radiation-related
malignancies, and the second is a prevailing trepidation of CTs
ability to identify clinically significant ligamentous injuries, as
children are more prone to this type of injury.*’** Radiation-
induced neoplasia is a documented risk of CT, including a risk
of fatal malignancy in younger children.”** In comparison with
x-ray, CT is estimated to deliver 90 to 200 times the radiation
dose.”>® Computed tomography is readily available, fast, and
used widely in adult trauma evaluations. There is no doubt that
its use should be limited to critical pediatric patients with a high
risk of injury. The controversy is whether CT is satisfactory to
clear a pediatric cervical spine in the absence of a reliable phys-
ical examination because of simultaneous head injury.

In 2023, Russell et al.”” conducted a single-center review
to assess the utility of CT in diagnosing clinically significant
pediatric cervical spine injury, defined as an injury that required
surgical fixation or halo placement. Over a 10-year period, they
identified 2,306 patients who underwent CT evaluation and re-
ported a 100% sensitivity of CT in identifying clinically significant

cervical spine injuries. Among patients with a normal CT, 12%
had further evaluation with MRI, and 17 ligamentous injuries
were identified, but on post hoc review, none were unstable,
and none required surgical stabilization.>” Similarly, Derderian
et al.>® retrospectively observed that CT reliably identified all
unstable (disruption of two or more contiguous spinal columns)
cervical spine injuries among their cohort of pediatric trauma
patients who had both CT and MRI. Approximately 50% of their
cohort with a normal CT was found to have a stable injury on
MRI, and several of these children were treated with a c-collar
at discharge, but they question the necessity of that treatment.”®
Gargas et al.”® also reported zero missed unstable injuries after
upgrading their CT scanner in 2005. Qualls et al.®’ evaluated
63 head-injured patients with a GCS score of <8 with both a
CT and MRI and found no unstable injuries that were missed
by CT. Azizi et al.®! concluded that, in 212 negative CTs, MRI
did not discover any missed injuries. The evidence is mounting
that CT is highly sensitive for diagnosing injuries that need sur-
gical stabilization.

In contrast to the above work, multiple groups including
unpublished data out of the WPSRC presented at the American
Academy of Pediatrics document significant injuries that have
been missed by CTand identified on MRL.%** Stephenson et al.*>
found the sensitivity of the CT to be closer to 95%, with three
missed injuries at the craniocervical junction that were identified
on MRI. On review of those CTs with missed injuries, each pa-
tient had an associated retroclival hematoma visible on both sag-
ittal and coronal views. To understand the clinical significance
of a retroclival hematoma, the authors reviewed the imaging of
all patients with craniocervical junction injuries. Overall, they
found that 72% (8 of 11) of patients with a craniocervical junc-
tion injury had an associated retroclival hematoma present on
CT. In the remaining three patients without a retroclival hema-
toma, the craniocervical injury was apparent on CT.** It is im-
portant to note that there are important findings on head CT that
may indicate cervical spine injury, most notably retroclival
blood, which is a harbinger for cervical spine injury and war-
rants further imaging with MRI.

While recent studies are compelling in favor of CT for
diagnosing clinically significant cervical spine injuries, they
should be interpreted with caution. First, each was conducted
at a free-standing level I pediatric trauma center, limiting the
generalizability.” " ®' Level I pediatric trauma centers have spe-
cific resources for managing the unique physiology and anat-
omy of children that may not be available at all trauma centers,
including board-certified pediatric radiologists.*”** Finally,
there are no sufficiently powered prospective studies that deter-
mine the test characteristics of CT and MRI for screening and
clearance of the pediatric cervical spine.

Magnetic Resonance Imaging

Magnetic resonance imaging is the most sensitive diag-
nostic tool for detecting cervical ligamentous and other soft tis-
sue injuries in Eediatric patients, but it has the potential to miss
boney injuries.”” Magnetic resonance imaging has been reported
to identilzy clinically unstable injuries, such as AOD, more reliably
than CT.®> However, MRI may be overly sensitive and pick up in-
significant injuries, leading to confusion and potentially unneces-
sary immobilization. Magnetic resonance imaging lacks radiation
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and is thus ideal for pediatric patients, but it is limited by the time
and sedation required to obtain images and by the reduced avail-
ability at major trauma centers.®>°® Few centers do have 24-hour
access to MRI and are using this technology in combination with
X-ray as a screening tool for cervical spine injuries.

Utilization of MRI is more expensive and has a longer ac-
quisition time than CT, which may result in the need for anesthe-
sia and placement of an airway.®>-°® Melhado et al.*’ reported the
median time for image acquisition ranges from 26 to 51 minutes.
This is an extended trip out of the intensive care unit for critically
ill patients and long enough that younger kids may require intu-
bation and sedation. In a recent study, Lee et al.*' observed that
over half of their pediatric cohort who underwent MRI for cervi-
cal spine evaluation required an airway, and 57% were intubated
specifically for MRI, with one serious adverse event associated
with intubation. Magnetic resonance imaging was delayed for
greater than 48 hours in approximately 20% of patients, mean-
ing prolonged immobilization time in a c-collar.*' This may be
extended even longer in patients who have metallic neuro-
monitoring devices in place. The incidence of an adverse event
during MRI for cervical spine evaluation is 0.8% to 1.3%.°%%°
Magnetic resonance imaging plays a role in cervical spine inju-
ries for evaluation of the spinal cord, specific injuries to the
discoligamentous complex, the presence of compressive hema-
tomas, and for operative planning, but its utility in screening
and clearance in patients with negative high quality boney imag-
ing remains a question.””

CERVICAL SPINE CLEARANCE

Following the evaluation of the cervical spine in blunt
pediatric trauma, it is critical to efficiently clear the cervical
spine and remove the c-collar if an injury is not identified or
suspected. Clinical clearance is accomplished with a physical
examination of the cervical spine, which consists of visualiza-
tion and palpation of each cervical vertebra. In addition, patients
should demonstrate pain-free full range of motion in active cer-
vical flexion, extension, lateral flexion, and rotation. Clinical
clearance can be safely conducted in the appropriate neurologi-
cally intact pediatric patient, including preverbal children. A
combination of a normal clinical examination and negative
imaging interpreted by a qualified radiologist is an undisputed
method of cervical spine clearance. There are, however, several
clinical circumstances when controversy exist regarding the ap-
propriateness of clearance.

Pannu et al.?’ reported underutilization of written proto-
cols for evaluation and clearance of the pediatric cervical spine,
with only 46% of centers using a written protocol. A recent sys-
tematic review found wide variation among clearance protocols
in pediatric trauma, observing variation in the type of ima%in
used for screening and variation in clearance practices.*®>""’
The Pediatric Cervical Spine Clearance Working Group pub-
lished a consensus statement in 2019 in an attempt to promote
the implementation of a standardized cervical spine clearance
pathway for pediatric blunt trauma,’' but despite this, the use
of a standardized protocol has not been successfully adopted
by many trauma centers.>*’° While details may be up for debate,
development, implementation, and compliance of a protocol are
associated with a reduction in the number of missed injuries and
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unnecessary radiation.” After implementation of a cervical spine
protocol, trauma centers have reported a 23% to 57% reduction in
cervical spine CTs.”*”* Protocols have also been shown to expe-
dite the timing of cervical spine clearance in pediatric trauma.”
Furthermore, protocols have the 7potential to reduce hospital
charges and costs.”*”* Pennell et al.” estimated an annual savings
of almost $400,000 because of a reduction in radiographic studies
when applying the PCSCWG guideline, without any missed inju-
ries. While protocols may vary locally, it is important that hospi-
tals create a standardized evaluation and clearance process for the
pediatric cervical spine. The PCSCWG protocol is a well-written
expert consensus and the best currently published protocol.

Alert Patients

One group of patients that needs mention are those who
get a cervical spine x-ray as part of cervical spine evaluation in
the emergency department, and although imaging is normal,
they have persistent posterior midline tenderness at the time of
anticipated discharge. This scenario leaves trauma surgeons
and the emergency department with a clinical conundrum where
they can either obtain (1) CT, (2) MRI, and (3) spine consult or
(4) discharge the patient in cervical spine immobilization. Prior
to any of the aforementioned options, we would guide providers
to clarify that the x-ray is of good quality and perhaps discuss
with the radiologist that the child has continued midline tender-
ness, as our radiology colleagues often do not have full clinical
patient information at the time of radiologic interpretation. To
minimize further radiation and to use resources appropriately,
several institutions have documented their experiences of dis-
charging these children in c-collar precautions with planned fol-
low-up. Dorney et al.”” evaluated 307 pediatric patients sent
home from the emergency department in a hard collar, and 85%
had the collar cleared at a median of 10 days postinjury. In those
with persistent pain after the first visit, MRI was used to diagnose
10 children with either congenital anomalies or small injuries;
none of which required surgical intervention.”” Hewes et al.”®
evaluated 98 children sent home in a c-collar and found that half
of these families chose to discontinue the collar without the rec-
ommended follow-up. There was one patient with severe persis-
tent pain 2 weeks after trauma and was found to have an odontoid
fracture that required fusion on advanced imaging. In retrospect,
the radiologist had commented that the odontoid was not well
visualized on the initial x-ray. The authors conclude that the
practice is safe but emphasize the need for specialty follow-u
and repeat imaging in cases of persistent pain after discharge.”®

Alert patients who are admitted to the hospital with nega-
tive imaging but persistent pain is another group that needs
attention. The concept of next day reevaluation is important
and has been shown to limit radiation without increasing hospi-
tal length of stay.”’

Obtunded Patients

While clearance of the pediatric cervical spine in an awake
and corporative patient is not controversial, clearance in an
obtunded pediatric patient leaves room for debate. One reason
for this controversy is that there is no agreement among trauma
surgeons on the definition of obtunded. In addition, the debate
centers around whether it is safe to clear a pediatric spine based
on a normal CT alone or if an MRI is required. In 2015, the
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Eastern Association for the Surgery of Trauma published a
guideline, Cervical Spine Collar Clearance in the Obtunded
Adult Blunt Trauma Patient.®> Many centers changed their prac-
tices and began clearing the adult c-spine based on normal CTs
without the addition of an MRI. This guideline was based on a
review of 1,017 patients with a 9% incidence of stable ligamentous
injury detected on MRI and a 0% incidence of unstable ligamen-
tous injuries not detected by CT. There were no children included
in this study.®> Given the unique anatomical considerations in
children, these findings in adults require careful study prior to
their application in the pediatric population. That said, this
guideline is being applied to children or at least adolescents at
some centers nationally.>*

The current recommendation from PCSCWG guides cli-
nicians to obtain an MRI in the setting of an obtunded child with
anormal CT.”' These recommendations are in part based on data
from prior decades with older imaging technology.>®’" Techno-
logic advancements have led to the development of the multide-
tector CT, a modality that provides sagittal and coronal recon-
structions using 64-slice helical scans. The imaging quality has
proven to be far superior to its historic single-slice CT counter-
part.>® However, at the time of this publication, the authors rec-
ommend following this algorithm curated by expert opinion
(Fig. 2). We believe that this is the best published algorithm; it
is supported by the Pediatric Trauma Society, there is vocal con-
cern about missed injuries on CT in obtunded patients, and there
is a lack of prospective data documenting the safety of clearance
based on a normal CT alone.

SPECIAL CONSIDERATIONS

One group that requires special consideration is the
nonaccidental trauma population. In children with abusive
head trauma, there is concern for concomitant cervical spine in-
jury; however, the incidence of unstable clinically significant
injury is reported as quite low. Increased MRI utilization has

led to increased immobilization without identification of severe
injuries requiring stabilization.”®”° It is important to collaborate
with child abuse specialists because, while MRI may not impact
surgical care, identification of injuries on MRI may be impor-
tant when considering legal ramifications of child abuse.

ON THE HORIZON

The WPSRC and the Western Trauma Association are
currently enrolling in the Western Pediatric Cervical Spine
Study. This study was modeled after a 2017 study by Inaba
et al.** prospectively evaluating cervical spine clearance prac-
tices in adults. In that study, the sensitivity of CT for clinically
significant injury was 98.5%, with the only misses in elderly pa-
tients with neurologic symptoms.®® The aim of the current study
is to determine the sensitivity of CT in the adolescent and pedi-
atric populations. This study is anticipated to complete enroll-
ment in 2026.

Limited Sequence MRI

One major limitation of MRI is the time required and po-
tential need for sedation with general anesthesia to obtain im-
ages without motion artifact. This limitation is often apparent
in critically injured children, as some patients may not tolerate
the time spent away from the pediatric intensive care unit or
may be unable to lay flat due to a concomitant traumatic brain
injury.®>%® Pediatric researchers have reviewed the utility of ab-
breviated MRI protocols to decrease the time of MRI and the
need for sedation while identifying pediatric pathology.®” Ab-
breviated MRI protocols, or limited sequence MRIs (LSMRI),
achieve shorter imaging acquisition times by limiting the num-
ber of sequences obtained and accelerating the speed of imaging
acquisition.

In 2024, Melhado et al.®” conducted a large retrospective
review at 10 level I pediatric trauma centers to identify the role
of LSMRI in identifying clinically unstable cervical spine

Pediatric Cervical Spine Clearance Working Group Algorithm

GCS=9-13

GCS =14 0or 15
Histery”

Child or parent reports persistent neck pain, abnormal head
posture, or difficuity with neck movement
History of foca! sensory abnormality or motor deficit

Phys cal Exam

. Tortcollis/abnerma head postion

Posterior midline necx tenderness

Limited cervical range of motion

Not able to maintain focus due o cther injuries

Visible known substantial injury to chest, abdomen, or pelvis **

Answer “No* to Answer “Yes” to
all of the abova, any of he above

. Plan raciograph’
Cloar Cpine ] [ (lateral view minimum)

Normal

[Abnermal

3) Maintain collar and re-evaluate in 2 weeks
4) Spine Consult

Options: .
1) Clear c-spine if physical exam findings resolve Spine Consult
2) Obtain

Potential to improve mental
status 1o GCS of "4 or 157

Plan radiograph®
(Iaterai view minimum)

Anticipate that the patient will improve
to GCS 1415 within 72 hours

No

Repeat clinical exam
within 12 hours

Abnormal

Normal**

Si(;ix.:%';t g Patent has improved
Imaging* 10 a GCS of 14 or 157
Abnormall
[ Clear c-spine ] [ Spine Consult ]__

f

Clear c-spine l

“"Substantialinjury is defined as an injury that is lifi
"Allimaging should be read by an attending physician

“Stronger consideration for imaging should be given towards patients with the following mechanisms of injury (MOI): diving, axial load, clothes-lining and high-risk MVC (HR-MVC),
however the literature findings are controversial. HR-MVC is defined as a head-on collision, rollover, ejected from the vehicle, death in the same crash, or speed >55 mph
ing, warrants surgical intervention, or warrants inpatient observation

*Adequate Flexion/Extension is defined as 230 degrees of flexion and 230 degrees of extension
*'Patient has achieved GCS 14-15 and no longer presents with abnormal head posture, persistent neck pain, or difficulty in neck movement

Figure 2. Pediatric Cervical Spine Clearance Working Group algorithm.”>
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injuries among pediatric patients. They reviewed all blunt pedi-
atric trauma patients who underwent an MRI. Of the 2,663 pa-
tients identified in the study, 1,008 injuries were identified on
full-sequence MRI with 301 unstable injuries (11%). A pediatric
board-certified radiologist from each institution reviewed the
MRIs from their respective institutions as if they were an
LSMRI. When using the anatomic plus fluid-sensitive LSMRI,
only four (0.3%) of CSI injuries were missed, and none of the
missed injuries were determined to be clinically unstable. While
the time required to obtain an LSMIR was not formally ad-
dressed in this study, the authors anecdotally indicated that
LSMIRs require 15 to 20 minutes to obtain at the study centers.
The role of LSMRI has not been established in the evaluation of
the pediatric cervical spine; however, this provides compelling
insights on its future use as a screening examination.®’

SUMMARY

Cervical spine injury occurs in 1% of pediatric patients af-
ter blunt trauma. Small children have a higher incidence of in-
jury at the craniocervical junction, but after the age of 9 years,
injury patterns mirror adult patients. The PECARN prediction
rule is the highest quality of evidence to guide imaging deci-
sions. In general, we should limit ionizing radiation in alert pe-
diatric trauma patients and encourage x-rays whenever possible,
but CT is warranted in critically ill patients. Retroclival blood on
a cervical spine or head CT is a sign of injury at the craniocervical
junction and needs further investigation. It is important to develop
and follow a hospital protocol. The consensus statement from the
PCSCWG may be referenced for clearance decisions. Evaluation
of the pediatric cervical spine is a topic of current exploration, and
we anticipate further guidance in the next few years.
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