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Patient Encounter
• 16 year-old female boarding school 

student in Hawaii, had just won her 
track state championship and was 
going to the beach with friends to 
celebrate.  Involved in a highway speed 
motor vehicle crash.  Thrown out of car 
into a median and paralyzed.  EMS 
ground scene response with air 
transport to the University of 
Washington



Clinical Scenario: Cervical Spine Injury
• Rare event
• Common interventions

o Spinal motion restriction
o Radiographic clearance

• Efficacy of interventions unknown
• Adverse effects of intervention

o Mispositioning
o Pain
o Radiation exposure
o Cancer



Potential Adverse Effects of Spinal 
Motion Restriction in Children

Leonard JC, Mao J, Jaffe D. Prehospital Emergency Care, 2012



Cascade of events…



The Pediatric Emergency Care Applied Research 
Network (PECARN)
• Funded through DHHS/HRSA/MCHB EMSC for Children since 2001
• 18 Pediatric Children’s Hospitals emergency departments

• Over 1.1 million visits
• 9 affiliated EMS agencies

• Trauma care
• Clinical decision support

• PECARN head and abdomen rules
• C-spine injury study group

• HRSA
• NIH



Factors Associated With Cervical Spine Injury 
in Children After Blunt Trauma

Leonard et al.  Annals of Emergency Medicine. 2011;58(2):145-55

HRSA/MCHB EMSC Targeted Issues Grant: (1H34MC04372-01-00) “Predicting 
Cervical Spine Injury in Children”



To identify risk factors associated with CSI in 
children after blunt trauma

Objective



Study Methods
• Retrospective case-control study
• Five years: 2000-2004
• 17 PECARN sites
• 540 children with cervical spine injury
• Multiple control groups (random and matched) of 

children without cervical spine injury



Results

CSI Risk Factor
Adjusted Odds-Ratio 

(95% CI)

Altered Mental Status 3.0 (2.1, 4.3)
Focal Neurological Findings 8.3 (5.6, 12.2)

Complaint of Neck Pain 3.2 (2.3, 4.4)

Torticollis 1.8 (1.1, 2.9)

Substantial Co-morbid Injury: Torso 1.9 (1.1, 3.4)

Predisposing Condition 15.0 (2.9, 78.0)

High Risk Mechanism: MVC 2.5 (1.8, 3.6)

High Risk Mechanism: Diving 73.0 (9.6, 555.6)



Age-stratified models
All patients <2 years 2-7 years 8-15 years

Age-specific 
model:
Sensitivity 95% (93-97) 67% (45-84) 98% (94-100) 96% (94-98)

Specificity 32% (29-35) 91% (83-96) 30% (24-35) 24% (21-28)

Original model:

Sensitivity 98% (96-99) 96% (81-100) 99% (95-100) 98% (96-99)

Specificity 26% (23-29) 54% (43-64) 28% (23-34) 21% (17-24)



Screening by Plain Radiograph for Cervical Spine 
Injury in Children

• PECARN
• 2 views: AP and Lateral
• Sensitivity 90% (CI 85-94%)

• Three smaller studies report sensitivities between 90-98%

Utility of plain radiographs in detecting traumatic injuries of the cervical spine in children. Pediatr Emerg Care 2012;28.
Use of Plain Radiography to Screen for Cervical Spine Injuries; Annals of Emerg. Med 38(1): 1-7, 2001.



Pilot study to develop a Pediatric Cervical Spine 
Injury Risk Assessment Tool

Eunice Kennedy Shriver National Institute of Child Health & Human 
Development of the National Institutes of Health R21HD076108



Objective

To determine the test accuracies of previous retrospectively-identified 
risk factors for CSI in children in a prospective cohort as a prerequisite 
to developing a pediatric risk assessment tool



Leonard JC, Browne LR, Ahmad FA, Schwartz H, Wallendorf M, Leonard JR, Lerner EB, Kuppermann N. 
Cervical Spine Injury Risk Factors in Children With Blunt Trauma. Pediatrics. 2019 Jul;144(1):e20183221.
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POSITION STATEMENT

EMS SPINAL PRECAUTIONS AND THE USE OF THE LONG BACKBOARD

National Association of EMS Physicians and American College
of Surgeons Committee on Trauma

ABSTRACT

This is the official position of the National Association of
EMS Physicians and the American College of Surgeons
Committee on Trauma regarding emergency medical ser-
vices spinal precautions and the use of the long back-
board. Key words: spine; backboard; EMS; position state-
ment; NAEMSP; ACS-COT.

PREHOSPITAL EMERGENCY CARE 2013;17:392–393

The National Association of EMS Physicians and the
American College of Surgeons Committee on Trauma
believe that:

! Long backboards are commonly used to attempt to
provide rigid spinal immobilization among emer-
gency medical services (EMS) trauma patients.
However, the benefit of long backboards is largely
unproven.! The long backboard can induce pain, patient ag-
itation, and respiratory compromise. Further, the
backboard can decrease tissue perfusion at pres-
sure points, leading to the development of pressure
ulcers.! Utilization of backboards for spinal immobilization
during transport should be judicious, so that the po-
tential benefits outweigh the risks.! Appropriate patients to be immobilized with a back-
board may include those with:

Approved by the National Association of EMS Physicians Board of
Directors December 17, 2012.

Approved by the American College of Surgeons Committee on
Trauma October 30, 2012. Received January 15, 2013; accepted for
publication January 15, 2013.

doi: 10.3109/10903127.2013.773115

" Blunt trauma and altered level of consciousness" Spinal pain or tenderness" Neurologic complaint (e.g., numbness or motor
weakness)" Anatomic deformity of the spine" High-energy mechanism of injury and any of the
following:

! Drug or alcohol intoxication
! Inability to communicate
! Distracting injury

! Patients for whom immobilization on a backboard is
not necessary include those with all of the following:" Normal level of consciousness (Glasgow Coma

Score [GCS] 15)" No spine tenderness or anatomic abnormality" No neurologic findings or complaints" No distracting injury" No intoxication! Patients with penetrating trauma to the head, neck,
or torso and no evidence of spinal injury should not
be immobilized on a backboard.! Spinal precautions can be maintained by application
of a rigid cervical collar and securing the patient
firmly to the EMS stretcher, and may be most appro-
priate for:" Patients who are found to be ambulatory at the

scene" Patients who must be transported for a protracted
time, particularly prior to interfacility transfer" Patients for whom a backboard is not otherwise
indicated! Whether or not a backboard is used, attention

to spinal precautions among at-risk patients is
paramount. These include application of a cervi-
cal collar, adequate security to a stretcher, mini-
mal movement/transfers, and maintenance of in-
line stabilization during any necessary movement/
transfers.
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ACEP Position Statement



Joint Position Statement





Disclaimer

• Preliminary results
• Presented in Abstract form at the AAP & PTS



Purpose

• Derive and validate a clinical decision rule for cervical spine 
imaging after blunt trauma in children



Methods

Study design: Prospective observational study
Setting: 18 pediatric EDs within PECARN
Study period: 12/12/2018 through 12/31/2021
Population: Children ages 0-17 years who experienced blunt 
trauma
• Inclusion criteria: Underwent trauma team evaluation, EMS 

scene response and/or cervical spine imaging
• Exclusion criteria: Exposed to solely penetrating trauma



Methods

Data collection:
• REDCap® survey of ED providers after completion of their 

trauma evaluation
•Medical record review for cervical spine imaging
• Parental phone call if no imaging obtained



Methods

Data elements: 
•Mechanism of injury
• Injury biomechanics- axial load or clothes-lining
• History of loss of consciousness
• Self-reported neck pain
• Self-reported difficulty moving neck
• Self-reported paresthesia, numbness or weakness
• Conditions predisposing to CSI



Methods

•Abnormal airway, breathing and/or circulation 
•Altered mental status (GCS and AVPU)
• Substantial regional injuries*
•Head
• Torso (thorax, abdomen, spine, and pelvis)

•Neurological deficits (paresthesia, numbness or weakness)

*Injuries that warrant inpatient observation or surgical intervention



Methods

Comparison groups:
• CSIs vs. no CSIs
• Determined by review of the cervical spine imaging with 

spine surgeon confirmation
• For those without imaging, structured interview of parents 

used to determine injury status



Methods

Data Analysis: 
A classification rule was constructed using the derivation cohort by

1. Evaluating the association of individual variables with CSI and 
retaining those with Chi- square p-values <0.15 for subsequent 
modeling

2. Selecting a clinically sensible subset of variables that identified 
patients whose risk of CSI exceeded 10% as verified with logistic 
regression odds ratios 

3. Completing a classification and regression tree (CART) analysis on 
low-risk participants using the remaining variables



Methods

Data Analysis:
•Measures of test performance (sensitivity, specificity, 

positive predictive value, and negative predictive value)
• Descriptive statistics
• Cohort characteristics
• Children with CSI missed by the rule
• Projected imaging rates if rule applied to the cohort



Methods

Human subjects:
• Central IRB
•Waiver of informed consent for prospective observational 

data collection and medical record review
• Verbal consent after mail notification for phone follow-up



Results
Screened for eligibility

N = 26924

Eligible for enrollment
N = 16257

Enrolled participants
N = 11870

Missed eligible participants
N = 4387

Did not meet eligibility
N = 10539

Screened for eligibility
N = 23321

Eligible for enrollment
N = 16180

Enrolled participants
N = 10582

Missed eligible participants
N = 5598

Did not meet eligibility
N = 7103

Derivation Cohort Validation Cohort



Results Characteristics for study 
population

Enrolled
(N = 22452)

Missed
(N = 9985)

Age, median (IQR) 8.0 [2.0, 13.0] 7.0 [2.0, 13.0]

Female, n (%) 9373 (41.7%) 4190 (42.0%)

Race: White, n (%) 10919 (48.6%) 4846 (48.5%)

Race: Black, n (%) 6800 (30.3%) 2889 (28.9%)

Race: Other, n (%) 3541 (15.8%) 1648 (16.5%)

Ethnicity: Hispanic, n (%) 4335 (19.3%) 2194 (22.0%)

MOI: MVC, n (%) 6363 (28.3%) 2718 (27.2%)

MOI: Fall, n (%) 7451 (33.2%) 3431 (34.4%)

MOI: Sports, n (%) 2189 (9.7%) 1066 (10.7%)

ED Disposition: ICU, n (%) 1614 (7.2%) 716 (7.2%)

ED Disposition: OR, n (%) 618 (2.8%) 279 (2.8%)

CSI, n (%) 434 (1.9%) 148 (1.5%)



Results Characteristic Derivation
N=11870

Validation
N=10058

Age, median (IQR) 8.0 [2.0, 13.0] 8.0 [3.0, 13.0]

Female, n (%) 5010 (42.2%) 4363 (41.2%)
Race: White, n (%) 6480 (54.6%) 4439 (41.9%)
Race: Black, n (%) 2695 (22.7%) 4105 (38.8%)
Race: Other, n (%) 1889 (15.9%) 1652 (15.6%)
Ethnicity: Hispanic, n (%) 1714 (14.4%) 2621 (24.8%)
MOI: MVC, n (%) 3131 (26.4%) 3232 (30.5%)
MOI: Fall, n (%) 3902 (32.9%) 3549 (33.5%)
MOI: Sports, n (%) 1332 (11.2%) 857 (8.1%)
Mode of Arrival: EMS, n (%) 6881 (58.0%) 6748 (63.8%)
ED Disposition: ICU, n (%) 1078 (9.1%) 536 (5.1%)
ED Disposition: OR, n (%) 384 (3.2%) 234 (2.2%)
CSI, n (%) 274 (2.3%) 160 (1.5%)



Results

High Risk Variables CSI Yes; n (%) CSI No; n (%)
Univariable ORs with 

95% confidence 
intervals

GCS 3-8 123 (28.3%) 399 (1.8%) 21.43 (16.97, 26.94)
AVPU: unresponsive to pain 81 (18.7%) 259 (1.2%) 19.28 (14.64, 25.17)
Abnormal airway, breathing or circulation 148 (34.1%) 835 (3.8%) 13.13 (10.62, 16.17)
Focal neurological deficit on examination 
(paresthesia, numbness or weakness) 53 (12.2%) 554 (2.5%) 5.39 (3.95, 7.21)

Any of the above 187 (43.1%) 1365 (6.2%) 11.46 (9.39, 13.95)



Results Self-reported neck pain

Substantial torso injury

Altered mental status with GCS>8

Neck tenderness on 
examination (posterior 
midline, over the bony 
prominences)

Substantial head injury



Results

Statistics for combined variable set Derivation Cohort
% (95% Confidence Interval)

Validation Cohort
% (95% Confidence Interval)

Sensitivity 92.7 (89.6-95.8) 93.8 (90.0-97.5)

Specificity 59.5 (58.6-60.4) 60.4 (59.4-61.3)

Positive Predictive Value 0.05 (0.04-0.06) 0.04 (0.03-0.04)

Negative Predictive Value 99.7 (99.6-99.8) 99.8 (99.7-99.9)



Results

• 30 children with CSI missed by ED provider observations
• On medical record review, 18 had one or more of the 

rule’s risk factors
• An additional 3 had risk factors observed by an EMS or 

surgical provider
• None of the children missed by ED provider observations 

required surgical intervention



Results High Risk Factors
GCS 3-8 or Unresponsive to pain

Abnormal airway, breathing or circulation
Focal neurologic deficit on examination

Intermediate Risk Factors
Altered mental status with GCS >8

Self-reported neck pain or posterior midline 
neck tenderness on examination
Substantial head or torso injury

No Risk Factors

Risk of CSI
12.7%

Consider CT

Risk of CSI
3.4%

Consider Plain x-rays

Risk of CSI
<0.3%

No imaging recommended



Results

43%

40%

17%

Observed Cervical Spine Imaging Rates

Clinically cleared
Plain x-ray
CT



Results

59%
34%

7%

Anticipated Cervical Spine Imaging Rates 
with Rule Applied in Decision-making

Clinically Cleared
Plain x-ray
CT



Conclusions

• The PECARN CSI prediction rule has sufficient discriminatory power to 
be used to guide imaging decision-making
• When used appropriately, the PECARN CSI rule has the potential to 

reduce overall imaging by 25%
• Importantly, cervical spine CT rates could be cut in half
• Future directions include…
• ED-based implementation trial that included community sites
• Validation of the prediction rule using EMS observations
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