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Pediatric Cervical Spine Clearance

A Consensus Statement and Algorithm from the Pediatric Cervical Spine Clearance
Working Group
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Manish 1. Shah, MD, MS, William C. Warner Jr., MD, and Burt Yaszay, MD

Pediatric cervical spine injury (CSI) that is related to blunt
trauma occurs in 1% to 2% of all children who are admitted
to the hospital after blunt trauma'”. Cervical spine clearance
for potential injury is performed daily in emergency depart-
ments (EDs) throughout the world. However, in a recent sur-
vey of level-I pediatric trauma centers in North America, only
46% of institutions had a written pediatric cervical spine clear-
ance protocol’.

In pediatric centers, an algorithmic approach or protocol
for cervical spine clearance reduces time to cervical collar
removal’ and limits patient exposure to ionizing radiation by
reducing the use of radiography and computed tomography
(CT)*". Published protocols and clinical guidelines for pediat-
ric cervical spine clearance differ in criteria for clinical clear-
ance and the use of imaging”".

The Pediatric Cervical Spine Clearance Working Group
(PCSCWG), a subgroup of the Pediatric Cervical Spine Study
Group, recognized the need for a consensus on comprehen-
sive standardized guidelines for pediatric cervical spine clear-
ance based on the best available evidence. We established a

multidisciplinary group of practitioners with expertise in
cervical spine clearance for injured children and applied
the Delphi method and the nominal group technique to cre-
ate consensus statements regarding pediatric cervical spine
clearance in young patients who have experienced blunt
trauma'>"’. The consensus statements were used to develop
an algorithm to guide institutional protocols for cervical spine
clearance.

Materials and Methods

Working Group

The PCSCWG is a multidisciplinary panel of fellowship-
trained physicians with experience in pediatric cervical spine
trauma care who were recruited by the project leaders. The
working group consisted of 15 pediatric orthopaedic surgeons,
3 pediatric emergency medicine physicians, 3 pediatric neuro-
surgeons, 2 pediatric trauma surgeons, and 2 pediatric radiol-
ogists. Participants agreed to complete a series of online
surveys, participate in an in-person meeting, and collaborate
with the project team to write a manuscript.

Disclosure: Dr. Martin J. Herman received a POSNA (Pediatric Orthopaedic Society of North America) Start-Up Research Grant. All costs related to the in-
person meeting were donated by the Texas Scottish Rite Hospital Foundation, Dallas, Texas. On the Disclosure of Potential Conflicts of Interest forms,
which are provided with the online version of the article, one or more of the authors checked “yes” to indicate that the author had a relevant financial
relationship in the biomedical arena outside the submitted work; “yes” to indicate that the author had a patent and/or copyright, planned, pending, or
issued, broadly relevant to this work; and “yes” to indicate that the author had other relationships or activities that could be perceived to influence, or have
the potential to influence, what was written in this work (http://links.lww.com/JBJS/F26).
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Delphi Method

The Delphi method and the nominal group technique are
approaches to developing consensus and best-practice guide-
lines for completing complex tasks when there is insufficient
scientific evidence to guide decision-making®. A modified ver-
sion of the Delphi method was applied during a 7-month
period with 4 rounds of voting. Consensus was defined as
280% agreement among panelists for each statement. The
only choices offered were “agree” or “disagree.”

Literature Review

A search of the PubMed database was performed using the
following terms: pediatric cervical spine injury, pediatric
cervical spine fracture, pediatric cervical spine clearance,
pediatric cervical spine trauma, cervical spine immobiliza-
tion, and pediatric spinal cord. Primary research studies and
reviews published from January 1, 1987, to June 30, 2016,
were included. Case reports, single-author expert opinion
pieces, and non-English-language articles were excluded.
The project team reviewed the articles and identified 27 for
consideration.

Electronic Surveys

After reviewing the literature, the project team developed a
20-question electronic survey (Survey 1) that was distributed
online to panel members via SurveyMonkey in October 2016
(see Appendix). Survey 1 had 3 objectives: (1) to collect

PEDIATRIC CERVICAL SPINE CLEARANCE

demographic data and clinical experience about the partici-
pants, (2) to collect practice profile data from the participants’
institutions, and (3) to introduce terminology that would be
used for the remainder of the project. In December 2016, a
second 66-question electronic survey (Survey 2) was distrib-
uted (see Appendix). Lastly, a 9-question electronic survey
(Survey 3) was distributed after the January 2017 in-person
meeting to clarify the role of flexion-extension imaging, a
subject that reached near-consensus during the meeting (see
Appendix).

In-Person Meeting

After tabulation of the results from Surveys 1 and 2, the project
team and the PCSCWG convened for a 1.5-day in-person
meeting in January 2017. The project team developed 33 state-
ments on the basis of survey results. The panel evaluated these
statements using the following process: (1) a single written
statement was presented; (2) research pertinent to that state-
ment was presented by the moderator, followed by an interac-
tive discussion; (3) if requested, the statement was revised,
generating a final version; and (4) participants then were asked
to vote using a commercially available anonymous polling soft-
ware (polleverywhere.com; Poll Everywhere) that tabulated the
voting in real time. Statements were approved for inclusion if a
consensus was reached (280% agreement). If there was 70% to
79% agreement, the statement was revised, and a second real-
time poll was conducted. Statements that did not reach a

TABLE | Pediatric Cervical Spine Clearance Definitions as Determined by the PCSCWG (=80% Consensus)*

resources.

other details, a determination of the MOI when possible.

of the cervical spine, and flexion-extension MRI of the cervical spine.

The purpose of a pediatric cervical spine clearance protocol is to identify significant CSls in children who have sustained blunt trauma. The ideal
protocol identifies all significant injuries, minimizes unnecessary radiation exposure to the child, permits removal of a rigid cervical collar or other
method of cervical spine immobilization when deemed no longer necessary, and efficiently and effectively utilizes health-care and human

Pediatric cervical spine clearance is the process by which a child with a suspected CSI undergoes clinical evaluation (history and physical
examination) and, in select cases, is evaluated by diagnostic imaging to determine that a CSl has not occurred. A complete history includes, among

Diagnostic imaging includes radiographs (anteroposterior/lateral cervical spine views at a minimum), CT of the cervical spine, and MRI of the
cervical spine. Dynamic cervical spine imaging may include flexion-extension lateral cervical spine radiographs, flexion-extension and rotational CT

Interpretation of diagnostic imaging of the pediatric cervical spine, and the final determination of findings, is performed by personnel with advanced
training and expertise in the imaging of pediatric spine conditions. Personnel generally qualified to perform this task are radiologists,
neurosurgeons, orthopaedic surgeons, and emergency department physicians.

Pediatric cervical spine clearance is the responsibility of physicians with expertise in evaluating a child with a suspected CSI. Personnel generally
qualified to perform this task include ED physicians, general and trauma surgeons, neurosurgeons, and orthopaedic surgeons. Additionally,
midlevel care providers practicing in collaboration with any of the listed personnel or other physicians with additional specialized training in
musculoskeletal medicine and experience in treating musculoskeletal injuries can clinically clear the pediatric cervical spine.

A “spine consult service” is defined as a specialist or team of specialists with advanced training and expertise in the care of pediatric spine
conditions. This term generally refers to teams composed of neurosurgeons and/or orthopaedic surgeons. Additionally, midlevel care providers
practicing in collaboration with any of the listed personnel or other physicians with additional specialized training in musculoskeletal medicine.

A child, regardless of age, with a GCS score of 14 or 15 (includes pediatric GCS for a nonverbal child) is considered to have normal mental status.

A child, regardless of age, with a GCS score of <14 or one who is under the influence of alcohol or drugs that alter the sensorium is considered to
have an altered mental status.

*PCSCWG = Pediatric Cervical Spine Clearance Working Group, CSI = cervical spine injury, MOl = mechanism of injury, CT = computed tomography,
MRI = magnetic resonance imaging, ED = emergency department, and GCS = Glasgow Coma Scale.
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consensus after a second poll (<80% agreement) were deferred | process of pediatric cervical spine clearance (Table I). The

for later discussion or dismissed. results of Surveys 1 and 2 were used to establish the framework

by which the final algorithm would be created—specifically,
Results patients would be evaluated using an algorithmic progression
Definitions and Terminology for clearance according to the Glasgow Coma Scale (GCS)
Using results from Survey 1, the project team established con- | score and its pediatric modification'®"”. Three pathways for

sensus definitions and clarified terminology pertinent to the | clearance were developed.

TABLE Il Consensus for Best Practice Guidelines for Pediatric Cervical Spine Clinical Clearance, Pathway 1: Patient with a GCS Score

of 14 or 15*

When clinical clearance is not possible, the primary imaging modality for children who are <3 years old is radiographs.

Initial radiographic evaluation for all children should consist of 1 view (lateral) as opposed to 2 views.

Other views (anteroposterior, odontoid, oblique, flexion-extension) are unnecessary for initial conventional radiographic evaluation.

For a child with a GCS score of 15 who has persistent neck findings and has a normal neurologic examination and a normal lateral radiograph, the
next step is a spine service consultation before additional imaging.t

For a child with a GCS score of 15 who has an abnormal neurologic examination, the next step is a spine service consultation before additional
imaging.t

For an asymptomatic child who is >3 years of age with a normal mental status and a normal examination, clinical clearance CAN be done regardless of MOI.
A child who presents with suspected abusive head trauma should undergo MRI of the cervical spine.

Clinical clearance of the cervical spine of a child with a significant developmental disability or preexisting musculoskeletal conditions that have the
potential to affect the cervical spine is possible, but information about the type of disability, the child’s baseline intellectual function, and preinjury
behaviors should be considered in the clearance process.

Stronger consideration for imaging should be given to children with the following MOIs: diving, axial load, “clothes-lining,” or a high-risk motor-
vehicle collision.

Clinical clearance after blunt trauma that could potentially involve the neck CANNOT be performed if the child exhibits a visible or known substantial
injury to the chest, the abdomen, or the pelvis.

Physical examination: if the child can maintain focus during a physical examination for clinical clearance, despite the presence of other significant
injuries, clinical clearance can be performed.

Clinical clearance of the cervical spine can be performed in children who are <3 years of age.

Clinical clearance can be performed in a child with neck tenderness that is NOT in the posterior midline.

Clinical clearance CANNOT be performed if the child or parent reports persistent neck pain, abnormal head posture, or difficulty in neck movement.
For a child with a GCS score of 14 or 15 who has normal conventional radiographs, a normal physical examination, and posterior midline neck pain/
tenderness, any of the following management options are acceptable:

a. Placement of a rigid cervical collar with reevaluation in 1-2 weeks

b. Spine service consultation

c. Obtaining adequate flexion-extension radiographs (defined as >30° flexion and >30° extension) to clear potential ligamentous injury

For a child with a GCS score of 14 or 15 with normal conventional radiographs, a normal physical examination, and posterior midline neck pain/
tenderness, adequate flexion-extension radiographs (defined as >30° flexion and >30° extension) are an OPTION to clear potential ligamentous
injury.

For a child with a GCS score of 14 or 15 with normal conventional radiographs, a normal physical examination, posterior midline neck pain/
tenderness, AND adequate flexion-extension radiographs (defined as >30° flexion and >30° extension), the cervical spine is cleared.

For a child in the subacute setting with normal conventional radiographs, a normal physical examination, and persistent posterior midline neck
pain/tenderness, any of the following 3 management options are acceptable:

a. Continuation of a rigid cervical collar with reevaluation after another 1-2 weeks

b. Spine service consultation

c. Obtaining adequate flexion-extension radiographs (defined as >30° flexion and >30° extension) to clear potential ligamentous injury

For a child in the subacute setting with normal conventional radiographs, a normal physical examination, and persistent posterior midline neck
pain/tenderness, adequate flexion-extension radiographs (defined as >30° flexion and >30° extension) are an OPTION to clear potential
ligamentous injury.

For a child in the subacute setting with normal conventional radiographs, a normal physical examination, persistent posterior midline
neck pain/tenderness, AND adequate flexion-extension radiographs (defined as >30° flexion and >30° extension), the cervical spine is
cleared.

*GCS = Glasgow Coma Scale, MRI = magnetic resonance imaging, and MOI = mechanism of injury. T This statement reached consensus in the
electronic survey as written; this statement was modified to include a GCS score of 14 or 15 at the in-person meeting based on the consensus
statement written in Table | that defines normal mental status as a GCS score of 14 or 15.
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TABLE Ill Consensus for Best Practice Guidelines for Pediatric Cervical Spine Clinical Clearance, Pathway 2: Patient with a GCS Score of <8*

behaviors should be considered in the clearance process.

vehicle collision.

Children who present with suspected abusive head trauma should undergo MRI of the cervical spine.
The initial imaging modality for a reasonable suspicion of a CSl in children with a GCS score of <8 is CT.

Clinical clearance of the cervical spine in a child with a significant developmental disability or preexisting musculoskeletal conditions that have the
potential to affect the cervical spine is possible, but information about the type of disability, the child’s baseline intellectual function, and preinjury

Stronger consideration for imaging should be given to children with the following MOIs: diving, axial load, “clothes-lining,” or a high-risk motor-
If CT was chosen as the initial imaging modality for evaluating a CSl in a child with a GCS score of <8 without anticipated improvement in mental

status within 72 hours of admission, and if the CT scan was negative, MRl is the next best imaging modality.
In the evaluation of a CSlI for children with a GCS score of <8, MRl is sufficient to clear the cervical spine.

tomography.

*GCS = Glasgow Coma Scale, MRI = magnetic resonance imaging, CSI = cervical spine injury, MOl = mechanism of injury, and CT = computed

Consensus Statements

Pathway 1: GCS Score of 14 or 15

Pathway 1 defines the cervical spine clearance process for
patients, regardless of age, with a GCS score of 14 or 15. This
pathway focuses on 2 critical aspects of pediatric cervical
spine clearance: (1) physical examination and historical/
mechanistic factors, focusing on clinical clearance without
radiographic imaging; and (2) radiographic imaging recom-
mendations for the awake and alert patient. The consensus
statements for Pathway 1 are provided in Table II.

Pathway 2: GCS Score of <8

Pathway 2 defines the cervical spine clearance process for
patients with a GCS score of <8. This pathway focuses on cer-
vical spine clearance when a complete physical examination
cannot be performed and when recovery of neurologic function
to normal mental status within 72 hours of injury is unlikely, as
in a child with a severe traumatic brain injury. The consensus
statements for Pathway 2 are provided in Table IIL

Pathway 3: GCS Score of 9 to 13

Pathway 3 defines the cervical spine clearance process for
patients with a GCS score of 9 to 13. These patients are at
intermediate risk for injury and, at least initially, cannot be
safely cleared clinically. This pathway focuses on the judi-
cious use of CT and the restriction of cervical spine motion
with a collar for immobilization until mental status returns
to normal and a follow-up examination can be performed.
This group primarily includes intoxicated patients with
altered sensorium and children who initially may not be able
to focus during the clinical evaluation of the cervical spine
because of anxiety related to traumatic events or the hospital
setting. The consensus statements for Pathway 3 are reported
in Table IV.

Proposed Algorithm
An algorithm for clearance of the pediatric cervical spine
was generated on the basis of the consensus statements

(Fig. 1).

TABLE IV Consensus for Best Practice Guidelines for Pediatric Cervical Spine Clinical Clearance, Pathway 3: Patient with a GCS Score of 9 to 13*

radiograph is recommended.

For a child with a suspected CSI who has a GCS score of 9 to 13 and has the potential to improve mental status to a GCS score of 14 or 15, a lateral

Children who present with suspected abusive head trauma should undergo MRI of the cervical spine.

For a child who has a GCS score of 9 to 13 with a normal lateral radiograph and has the potential to improve mental status to a GCS score of 14 or
15, an appropriate management strategy is a repeat clinical examination after a period of observation.

For a child who has a GCS score of 9 to 13 with a normal lateral radiograph, a repeat clinical examination should be performed within 12 hours.

For a child who has a GCS score of 9 to 13 with a normal lateral radiograph who cannot be cleared by a repeat clinical examination, the spine service
should be consulted.

Clinical clearance of the cervical spine of a child with a significant developmental disability or preexisting musculoskeletal conditions that have the
potential to affect the cervical spine is possible, but information about the type of disability, the child’s baseline intellectual function, and preinjury
behaviors should be considered in the clearance process.

Stronger consideration for imaging should be given to children with the following MOIs: diving, axial load, “clothes-lining,” or a high-risk motor-
vehicle collision.

*GCS = Glasgow Coma Scale, CSI = cervical spine injury, MRI = magnetic resonance imaging, and MOI = mechanism of injury.
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Pediatric Cervical Spine Clearance Working Group Algorithm

GCS=140r15
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And reascnable suspicion
for cervical spine injury

/ History ™
+ Child or parent reports persistent neck pain, abnormal head
posture, or difficulty with neck movement

~
Potential to improve mental W No ( crt Abnormal
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Physical Exam
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+ Not able to maintain focus due to other injuries

Yes

Abnormal
+_Visible known substantial injury to chest, abdomen, or pelvis**
Answer “Yes” to any

of the above

Answer “No” to
all of the above

Plain radiograph“
(lateral view minimurmn)

Repeat clinical exam
within 12 hours

Normal J'

Anticipate that the patient will improve
to GCS 14 / 15 within 72 hours

Normal No Yes

Repeat clinical exam

Normal Abnormal

Clear c-spine

Plain radiograph®
(lateral view minimum)

Normal Abnormal

Options: -

1) Clear c-spine if physical exam findings resolve
2) Obtain Flexion / Extension radiographs

3) Maintain collar and re-evaluate in 2 weeks

4) Spine Consult

Spine consult

Abnormal

Clear c-spine
— ]

Static Magnetic

Resonance Patient has improved

te a GCS of 14 or 157

lYes
[ Spine consult J-

f

Normal **

Imagin

Abnormal Normal

>“Stronger consideration forimaging 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-MVCis defined as a head-on collision, rollover, ejected from the vehicle, death in the same crash, or speed > 55mph

**5Ubstantial injury is defined as an observable injury that is life-threatening, warrants surgical intervention, or warrants inpatient observation.

#l Imaging should be read by an attending physician

* Adequate Flexion / Extension is defined as 2 30 degrees of flexion and = 30 degrees of extension
**patient has achieved GSC 14— 15 and no longer presents with abnormal head posture, persistent neck pain, or difficulty in neck movement

Fig. 1
The PCSCWG algorithm. C-spine = cervical spine.

Discussion

Despite substantial research addressing clearance of CSIs after
blunt trauma in children, recommendations vary widely"’'.
Ideally, an algorithm for cervical spine clearance identifies all
important injuries and facilitates removal of provisional cer-
vical spinal motion restriction in an expeditious manner,
while limiting the patient’s exposure to ionizing radiation
and using health-care resources responsibly. Failing to detect
a CSI in a child may have devastating consequences. Avellino
et al.” reported the rate of missed injuries to be as high as 5%.
Therefore, any algorithm must weigh the risks of missing an
occult injury compared with overutilization of diagnostic
imaging, particularly CT. There is disagreement in the pub-
lished literature about which imaging modality to use. For
example, the authors of a retrospective study involving 75
patients with confirmed CSI recommended using CT as
opposed to radiography in the evaluation of suspected CSI
because no injuries were detected on radiographs that were
not detected with CT; additionally, the use of radiographs
failed to identify 32% of the 75 cases of CSI”. However,
Brenner and Hall emphasized that the level of radiation in a
common CTscan raises the lifetime risks for certain cancers in
adults, and even more so in children®. The estimated lifetime
CT-attributable cancer mortality risk as a function of age is an
order of magnitude greater for children who undergo CT of
the head than it is for adults who undergo a similar scan. This

greater risk is because children have more years than adults in
which to develop cancers, are more radiosensitive than adults,
and are anthropometrically smaller, which creates the poten-
tial for higher radiation doses®. A focus of our effort was to
responsibly reduce the use of CT in children undergoing cer-
vical spine clearance to diminish this risk while considering
the importance of failing to detect a CSI. As a result, the use of
CT is part of the algorithm for patients presenting with a GCS
score of 9 to 13 or a GCS score of <8 since magnetic resonance
imaging (MRI) has been shown to have a high false-positive
rate when used for pediatric cervical spine screening. Addi-
tionally, CT is recommended over radiography because of its
superior ability to detect critical pediatric cervical spine
injuries®. The panel recognizes that our recommendation of
MRI after negative CT for clearance of the cervical spine in
children with a GCS <8 seems contradictory and raises the
question as to why MRI should not be used primarily for
clearance. Availability, need for sedation, and cost, in addition
to high false-positive rates for MRI screening, were consider-
ations that led to the panel’s recommendation that CT be used
as a primary screening examination despite the diminished
radiation exposure associated with MRI.

Another of our primary goals was to develop guide-
lines regarding pediatric cervical spine clearance for blunt
trauma patients that can be used by various health-care pro-
viders in any setting. We believe that these methods and our
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results are unique because a multidisciplinary group, includ-
ing many physicians involved in the process of pediatric
cervical spine clearance, developed the consensus statements
and protocol.

History and Physical Examination

In 2000, Hoffman et al. validated clinical criteria to rule out
CSI in adult trauma patients in an effort to reduce the num-
ber of cervical spine radiographs to clear the cervical spine®.
With use of the National Emergency X-Radiography Utili-
zation Study (NEXUS) criteria, the authors determined that
patients who meet 5 criteria (no posterior midline cervical
tenderness, no focal neurologic deficit, a normal level of
alertness, no evidence of intoxication, and no distracting
injury) have a very low probability of injury, reporting 99%
sensitivity in identifying 810 of 818 injuries. A secondary anal-
ysis of 3,065 patients who were <18 years of age concluded
that the NEXUS criteria also performed well with children’.
However, only 30 children in this cohort were diagnosed with
CSIs; only 4 CSIs were observed in children who were <9 years
of age and none were observed in children who were <2 years
of age’.

Subsequent studies of CSI in children used criteria
derived from NEXUS, but have sought to refine the clinical
clearance parameters®”*". A study conducted by the Pediatric
Emergency Care Applied Research Network served as the
starting point for our panel”. This case-controlled study of
540 children from 0 to 15 years of age with CSIs identified the
following 8 risk factors for CSI: altered mental status, focal
neurologic findings, neck pain, torticollis, a substantial torso
injury, an injury from diving, a high-risk motor-vehicle col-
lision, and predisposing conditions involving the cervical
spine'’. Our panel reached a consensus that the report of
persistent neck pain, abnormal head position or difficulty
with neck movement, and reported focal sensory or motor
deficit were the most reliable risk factors for CSI according to
the history that was obtained at the time of the initial evalua-
tion, and that the presence of any of these precluded clinical
clearance. Physical examination findings that similarly pre-
cluded clinical clearance were, by consensus, torticollis or
abnormal head posture, posterior midline cervical tenderness,
limited cervical range of motion, and substantial observable
or known injury, such as injury to the chest, the abdomen,
or the pelvis. “Substantial injury” is defined as injury that
is life-threatening or warrants inpatient observation or
surgery.

It should be noted that 3 important concepts that were
discussed in detail by the panel helped to clarify our final
recommendations. Mechanism of injury (MOI) as the only
risk factor for traumatic injury and CSI is controversial. Our
consensus was that the MOI alone is not a sufficient reason for
imaging in patients who may be examined reliably, but a
stronger consideration of imaging should be given to those
who have experienced the following MOIs: diving or other
mechanism by which axial load is applied to the head,
“clothes-lining” (a term used to describe blunt trauma to

PEDIATRIC CERVICAL SPINE CLEARANCE

the head or neck by a stationary object while the patient is in
motion), or a high-risk motor-vehicle collision. A high-risk
motor-vehicle crash is defined as one in which a head-on col-
lision or rollover occurred, the patient was ejected from a vehi-
cle, a death of another passenger occurred, or the speed of
collision was reported to be >55 mph (88.5 km/hr)**. The
impact of reaching a consensus that MOI alone should not be
an automatic indication for CT as the initial imaging modality
is worth emphasizing. Additionally, the panel agreed that the
term “distracting injury” (a term defined vaguely in the original
NEXUS article and frequently misapplied in the panel’s expe-
rience when physical examination is performed) should be
eliminated from inclusion in the algorithm®. Finally, the panel
chose to postpone recommendations for children with condi-
tions that may predispose to CSI, such as genetic conditions
that involve the cervical spine or previous cervical spine sur-
gery, for future discussions.

Imaging

Most children who present for evaluation after blunt trauma
have a GCS score of 14 or 15; therefore, this group has the most
potential for improved patient safety through reduction of
radiation exposure’. For children who cannot be cleared clin-
ically, the panel recommended that conventional radiography
be the next step in evaluation®. The radiographic views that
best identify injury were considered. A consensus was reached
that a high-quality lateral view with the patient in a recumbent
position was essential, a conclusion that may seem controver-
sial. Evidence suggests that the ability to obtain an adequate
odontoid view diminishes as age decreases, related to several
factors, including the short necks of infants and young children
and the inability to cooperate fully with the technician during
open-mouth positioning®?”. Additionally, Silva et al. found
that the anteroposterior view of the cervical spine in the setting
of trauma is more commonly misinterpreted compared with
the lateral view”. However, we are aware that a minimum of 2
views is standard practice at most institutions. The use of
flexion-extension views for cervical spine clearance of a child
with a GCS score of 14 or 15 and a normal radiograph was the
only recommendation incorporated into the algorithm that
required additional rounds of voting”. Finally, the panel
emphasized that interpretation of all imaging should be re-
viewed by an attending physician with expertise in pediatric
radiographic imaging before treatment decisions are made.
Any ED physicians and personnel who are unable to inter-
pret the importance of an abnormal imaging result should
consult with cervical spine trauma experts before making
clinical decisions.

An important consensus recommendation was the rou-
tine use of CT for all children who have sustained blunt
trauma and have a GCS score of <8 because this cohort is at
higher risk for CSI compared with children with higher GCS
scores’”, However, the next treatment steps for such a
patient following negative CT screening were less easily agreed
upon. Although some evidence suggests that CT is an ade-
quate examination for clearance in this group, the panel
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concluded that MRI of the cervical spine was the next best step
in the algorithm. MRI has been shown to be sensitive in all age
groups and has been recommended for the evaluation of CSI in
the obtunded child in whom rapid neurologic recovery is not
expected™***!,

Patients with a GCS Score of 9 to 13

A unique pathway in this algorithm pertains to patients with an
intermediate GCS score. Spinal immobilization and radio-
graphic imaging are recommended initially for patients who
are expected, based on the judgment of the evaluator, to return
to a GCS score of 14 or 15 within 12 hours of admission. CT is
performed only for obvious physical findings or when there are
abnormal radiographs. A spine service consultation is recom-
mended if, on repeat evaluation, the GCS score has not nor-
malized or if abnormal physical findings are noted in those who
have recovered to a GCS score of 14 or 15. The use of this “next-
day” repeat evaluation may be a crucial step to reduce the use of
CT in this cohort who, in many other protocols, would
undergo CT reflexively on hospital admission.

Limitations

The process by which the consensus algorithm was created has
several limitations. The Delphi method uses expert opinion
and explores topics that are not fully supported with evidence-
based research. It is subject to participant bias. Although the
project team attempted to create a multidisciplinary panel,
pediatric orthopaedic surgeons were overrepresented com-
pared with other specialties. Additionally, this algorithmic ap-
proach was generated by physicians practicing primarily at
pediatric academic institutions. The panel recognizes that clin-
ical expertise and resources vary widely between pediatric and
adult centers, making this approach difficult for some institu-
tions to adopt fully. We also recognize that “spine service con-
sultation” may play an important role in each pathway. The
algorithm cannot delineate recommendations made by the
spine service consultation because these recommendations will
vary according to the personnel available at a specific institu-
tion. Finally, we acknowledge that this algorithm represents a
“best-practices” consensus. We are unable, however, to predict
the sensitivity, the specificity, or the rate of false-negative find-
ings until this protocol has been implemented and studies have
been initiated to collect data prospectively, or whether this
algorithm can be applied safely to children of all ages, as
proposed.

Conclusions

This study presents expert multidisciplinary consensus state-
ments and an algorithm for pediatric cervical spine clearance
that were created with use of a modified Delphi method. In this
proposed algorithm, 3 pathways of clearance were established
based on the initial GCS score. The judicious use of CT to
reduce the exposure of children to ionizing radiation is empha-
sized. This comprehensive approach may help inform new
institutional protocols and can serve as a foundation for future
study.
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Appendix

@ The electronic surveys that were used to determine a
consensus for the comprehensive standardized guidelines

for pediatric cervical spine clearance are available with the on-

line version of this article as a data supplement at jbjs.org.

(http://links.lww.com/JBJS/F27) m

Note: The authors thank Munish Gupta for his expertise and participation in the Delphi process.
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