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Pediatric Neck Trauma: Same-Same or Different?




INTRODUCTION

8 million children/year are evaluated for potential cervical injury (USA)
Pediatric C-spine injuries: 0.6-2% Pediatric BCVI: 0.01-1.5%

Dataset variation: Baseline incidence, age distribution, rate of imaging, level of CSI
as outcomes

latrogenic induced malignancy: +24% overall +78% for thyroid Ca. “NNH 1:5,000

Low frequency — High risk
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The Canadian C-Spine Rule for Radiography
in Alert and Stable Trauma Patients

lan G. Stiell, MD, MSc, FRCPC; George A. Wells, PhD; Katherine L. Vandemheen, BScN; et al
> Author Affiliations
JAMA. 2001;286(15):1841-1848. doi:10.1001/jama.286.15.1841

Prospective cohort, 10 EDs

8924 Adults > 16 years (mean age 37), Baseline CSI Any LOW risk factors

Any of the following:
* Simple rear-end MVC*#*

= 2 (1) * Ambulatory at any time
InC|dence 1.7A) * Delayed o:set ofzr-neckpain
* Absence of midline C-spine
tenderne

Primary outcome: Clinically important C-spine injury.
(fracture, dislocation, or ligamentous instability)

* 45° left & right

Sens 100% NPV 99.8% Spec 42.5% I e B

Able to ROTATE neck actively?

No Spi.ﬁ'e Injury
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Canadian C-spine Rule

Cannot apply CCR if:

* Patient is NOT awake, alert, & reliable
* Unstable vital signs

* < |6 years

¢ Acute paralysis

* Known vertebral disease

* Previous C-spine surgery

Possible Spine Injury

*Dangerous Mechanism
* Fall from elevation = 3 feet or 5 stairs
* Axial load to head
* MVC high speed (> 100 km/hr) rollover,
ejection
* Motorized recreational vehicles
* Bicycle struck or collision

**Simple rear-end MVC excludes:
* Pushed into oncoming traffic
* Hit by bus/large truck
* Rollover
* Hit by high speed vehicle
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ORIGINAL ARTICLE f X in

Validity of a Set of Clinical Criteria to Rule Out Injury

to the Cervical Spine in Patients with Blunt Trauma

@ This article has been corrected. VIEW THE CORRECTION

Authors: Jerome R. Hoffman, M.D., William R. Mower, M.D., Ph.D., Allan B. Wolfson, M.D., Knox H. Tedd, M.D., M.P.H.,
and Michael . Zucker, M.D., for the National Emergency X-Radiography Utilization Study Group™ Author Info &
Affiliations

Published July 13, 2000 | N Engl | Med 2000;343:94-99 | DOI: 10.1056/NEJM200007133430203 | VOL. 343 NO. 2

_ Nexus Criteria
* PfOSpECtIVE COhOft, 21 EDs In the NEXUS study, a clinical clearance protocol consisting of five criteria was

validated with a 100% sensitivity for the exclusion of cervical spinal injury.

e 34,069 Adults & Children 1-101 years (mean age 37), Protocol:

2.5%<8 years, Base"ne CSI incidence 2.4% (any) 18t - assess signs of intoxication in the patient.

2nd - assess for the presence of focal neurologic deficits.
39 - assessment for the presence of painful distracting injuries.

° Primary outcome: Any’ C||n|ca||y Significa nt C-spine 4'h . assess whether the patient has a normal level of alertness.

5 - presence of posterior midline tenderness to palpation.
injury. (fracture, dislocation, or ligamentous instability)
If no painful response is elicited and the patient has met all prior criteria, the C-

collar can be removed and C-spine imaging is not needed.

> S e n S 9 9 . 0% N PV 9 9 . 8% p e rC e n t S p e C 1 2 . 9 % P PV 2 . 7 % Hoffman JR. Mower, WR, Wolfson AB. et al. Validity of a set of clinical cniteria to rule out injury to the cervical spine in patients with blunt trauma. N Engl J Med.

2000; 343:94-99.
#ENLS enls.neursoiticalcare.org NEUREBCRITICAL

CARE SOCIETY
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ORIGINAL ARTICLE

Clinical Clearance of the Cervical Spine in Blunt Trauma
Patients Younger Than 3 Years: A Multi-Center Study of
the American Association for the Surgery of Trauma

Pieretti-Vanmarcke, Rafael MD; Velmahos, George C. MD; Nance, Michael L. MD; Islam, Saleem MD; Falcone, Richard
A. Jr MD, MPH; Wales, Paul W. MD, MPH; Brown, Rebeccah L. MD; Gaines, Barbara A. MD; McKenna, Christine MSN,
RN, CRNP; Moore, Forrest O. MD; Goslar, Pamela W. PhD; Inaba, Kenji MD; Barmparas, Galinos MD; Scaife, Eric R.
MD; Metzger, Ryan R. PhD; Brockmeyer, Douglas L. MD; Upperman, Jeffrey S. MD; Estrada, Joaquin MD; Lanning,
David A. MD, PhD; Rasmussen, Sara K. MD, PhD; Danielson, Paul D. MD; Hirsh, Michael P. MD; Consani, Heitor F. X,
MD; Stylianos, Steven MD; Pineda, Candace RN; Norwood, Scott H. MD; Bruch, Steven W. MD; Drongowski, Robert
MA; Barraco, Robert D. MD, MPH; Pasquale, Michael D. MD; Hussain, Farheen MD; Hirsch, Erwin F. MD; McNeely, P
Daniel MD; Fallat, Mary E. MD; Foley, David S. MD; locono, Joseph A. MD; Bennett, Heather M. MD; Waxman, Kenneth
MD; Kam, Kelly RN; Bakhos, Lisa MD; Petrovick, Laurie CSTR, MHA; Chang, Yuchiao PhD; Masiakos, Peter T. MS, MD

Author Information@

The Journal of Trauma: Injury, infection, and Critical Care 67(3):p 543-550, September 2009. | DOI:
10.1097/TA.0b013e3181b57aal

Retrospective cohort, 21 EDs

12537 Children < 3years, Baseline CSI
incidence 0.66%

Primary outcome: C-spine injury.

Sens 92.2% NPV 99.3% Spec 69.9%
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score = 3 X II (GCS score <14) + 2 X II (GCS eye
score = 1) + 2 X II (injury type = MVC) + 1 X II (patient
age >2 years).

ABLE 3. Independent Predictors of Cervical Spine Injury

Odds Ratio 95% Cl1
2:.0-51.6

GCS =14 <0.001

<0.001
<0.001
<0.001
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Pediatric Cervical Spine Injury Following Blunt Trauma S S
in Children Younger Than 3 Years S
The PEDSPINE Il Study

o MR
Casey M. Luckhurst, MD; Holly M. Wiberg, PhD; Rebeccah L. Brown, MD; Steven W. Bruch, MD; -

Nicole M. Chandler, MD; Paul D. Danielson, MD; John M. Draus, MD; Mary E. Fallat, MD; Barbara A. Gaines, MD;
Jeffrey H. Haynes, MD; Kenji Inaba, MD; Saleem Islam, MD, MPH; Stephen S. Kaminski, MD; Hae Sung Kang, MD;
Vashisht V. Madabhushi, MD; Jason Murray, MD; Michael L. Nance, MD; Faisal G. Qureshi, MD;

Jeanne Rubsam, RN, PNP; Steven Stylianos, MD; Dimitris J. Bertsimas, PhD; Peter T. Masiakos, MD

(o))
o

Frequency, %

N
o

* Retrospective cohort, 15 EDs

* 9,389 Children < 3years (mean 1.3years), Baseline CSl incidence 1.3% M A . -
* Primary outcome: C-spine injury. - S

* Sens 75.9% AUC 0.88 0.8

o
o

©
S

® PEDSPINE
PEDSPINE 11

o
(N

True-positive rate (sensitivity)

0.4 0.6

False-positive rate (1 - specificity)



PECARN prediction rule for cervical spine imaging of children @':} ()]
presenting to the emergency department with blunt
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trauma: a multicentre prospective observational study

Julie CLeonard, Monica Harding, Lawrence] C nul I+ ﬁ'r& ,,'F Lmnﬂm' Kathleen M Adelgais, Fahd A Ahmad, Lorin R Browne, Rebecca K Burger,
Pradip P Chaudhari, Daniel ] Corwin, Nicolaus | Sylv -Ansah, Lauren C Riney, Alexander | Rogers, Daniel M Rubalcava,
Robert E Sapien, Matthew A Szadkowski, Leah T’rmr nczrm I'athEWard Kenneth Yen, Nathan Kuppermann

Prospective cohort, 18 PECARN EDs

22,430 children (11,857 derivation, 10,573 validation) 51.9% <8 years, Baseline CSI incidence 1.9%

Primary outcome: Injury warranting inpatient observation or surgical intervention.

Sens 94.3%, Spec 60.4%, NPV 99.9%



Enrolment status Cohort

N2 077 ARI9TI 1T 130
Syl g8 JlaloYl gl yulids sope
Schneider Children's Medical Center of Israel

hild abuse

Table 1: Participant characteristics by enrolment status and cohort




Cervicalspine  No cervical spine  Risk ratio (95% Cl)  p value
injury (n=274) injury (n=11583)

Glasgow Coma Scale score: 3-8 72 (26-3%) 227 (2:0%) 13.8 (10-8-17-6) <0-0001
Alert, Verbal, Pain, Unresponsive 49 (17:9%) 39 (1-2%) 13.5(10-3-17-8) <0-0001
scale: unresponsive

Abnormal airway, breathing or 92 (33:6%) 500 (4-3%) 9-6 (7-6-12-2) <0-0001
circulation

Focal neurological deficit on 35 (12-8%) 324 (2-8%) : : <0-0001
examination (paresthesia,

numbness, or weakness)

Any of the above 118 (43-1%) 310 (7:0%) 89 (7-1-11-2) <0-0001

Data are n (%) unless indicated otherwise. Risk ratio (95% Cl) were derived from unadjusted Poisson regression with
robust error estimates.

Table 2: Cervical spine injury risk factors and risk ratio for high-risk variables in the derivation cohort




156/10773 (1-4%)

Self-reported neck pain?

No o

¢ Yes

64/8577 (0-7%)

92/2352 (3-9%)

v |

¢ Yes

Altered mental status?*

45/8016 (0-6%)

19/561 (3-4%)

No 4

¢ Yes

Substantialt torso injury?

34/7664 (0-4%)

11/352 (3-1%)

o §

¢ Yes

Substantialt head injury?

24/6997 (0-3%)

10/667 (1-5%)

Neck tenderness upon examination?

o §

20/6909 (0-3%)

¢ Yes

4/88 (4-5%)

Figure 1: Cervical spine injury classification and regression tree
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Notable variables not meeting
threshold: hanging, strangulation
mechanisms, history of cervical
spine injury, intoxication.




High-risk factors*

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

« Abnormal airway, breathing, or
circulation

« Focal neurological deficits on
examination

Risk of cervical spine
injury

187/1549 (12-1%)
Consider CT
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No

CART-derived risk factors

« Altered mental statust

- Self-reported neck pain or neck
tenderness on examination

- Substantialf head or torso injury

Risk of cervical spine
injury

217/7676 (2-8%)
Consider plain x-ray

No

No risk factors

Risk of cervical spine
injury
29/13205 (0-2%)

Derivation cohort (n=11857)

Validation cohort (n=10 573)

Children with no cervical spine injury 11583
Any factor observed
No 6889
Yes 4694
Childrenwith cervical spine injury 274
Any factor observed
No 20
Yes 254
Sensitivity 254/274 (927%; 89-6-95-8)
Specificity 6889/11583 (59-5%; 58-6-60-4)
254/4948 (5-1%; 4-5-57)
6889/6909 (99-7%; 99-6-99-8)

Positive predictive value

Negative predictive value

10414

6287
4127
159

9
150
150/159 (94-3%; 90-7-97-9)
6287/10414 (60-4%; 59-4-61-3)
150/ 4277 (3-5%; 3-0-4-1)
6287/6296 (99-9%; §9-8-100-0)

Data are nor n/N (%; 95% Cl). Risk factors were obtained from the electronic questionnaires that were completed by
the attending emergency department clinician before viewing the results of neck imaging. In the derived prediction
rule, the presence of a risk factor was considered to render the prediction rule positive for cervical spine injury.
Sensitivity is the proportion of children with cervical spine injuries who had at least one of the rule’s risk factors.
Specificity is the proportion of children without cervical spine injuries who did not have any of the rule’s risk factors.
Positive predictive value is the proportion of children with at least one of the rule’s risk factors who have cervical spine
injuries. Negative predictive value is the proportion of children who did not have any of the rule’s risk factors that do

not have a cervical spine injury.

Table 3: Clinical performance of the cervical spine injury prediction rule

Consider clinical clearance
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Derivation cohort (n=11857) Validation cohort (n=10573) Overall Derivation cohort Validation cohort
(n=22430) (n=11857) (n=10573)

Children with no cervical spine injury 11583 10414
Any factor observed Observed imaging rates
No 6889 6287 Clinically cleared 9662 (43-1%) 4682 (39-5%) 4980 (47-1%)
(no imaging)
Plain x-ray 8912 (39:7%) 4639 (39-1%) 4273 (40-4%)
cT 3856 (17-2%) 2536 (21-4%) 1320 (12:5%)
Imaging rates with clinical prediction rule applied

Clinically cleared 13205 (58-9%) 6909 (58-3%) 6296 (59-5%)

Yes 4694 4127
Childrenwith cervical spine injury 274 159
Any factor observed
No 20 9
Yes 254 150 (no imaging)
Sensitivity 254/274 (92-7%; 89-6-95-8) 150/159 (94-3%; 90-7-97-9) Plain x-ray 7676 (34-2%) 4020 (33-9%) 3656 (34-6%)
Specificity 6889/11583 (59-5%; 58-6-60-4)  6287/10414 (60-4%; 59-4-61.3) T 1549 (6:9%) 928 (7-8%) 621(5-9%)
Positive predictive value 254/4948 (5-1%; 4-5-57) 150/ 4277 (3-5%; 3-0-4-1)

Negative predictive value 6889/6909 (99:7%; 99-6-99-8) 6287/6296 (99-9%; 99-8-100.0) Data are n (%). Participants were grouped into three mutually exclusive
categories: those who received no imaging (clinically cleared), those who received

Data are nor nfN (%; 95% Cl). Risk factors were obtained from the electronic questionnaires that were completed by cervical spine plain x-rays only, and those who receive cervical spine CTwith or
the attending emergency department clinician before viewing the results of neck imaging. In the derived prediction without plain x-rays. Projected imaging categories were determined by applying
rule, the presence of a risk factor was considered to render the prediction rule positive for cervical spine injury. the PECARN cervical spine injury prediction rule imaging algorithm (figure 3) to
Sensitivity is the proportion of children with cervical spine injuries who had at least one of the rule’s risk factors. the study population. PECARN=Pediatric Emergency Care Applied Research
Specificity is the proportion of children without cervical spine injuries who did not have any of the rule’s risk factors. Network.

Positive predictive value is the proportion of children with at least one of the rule’s risk factors who have cervical spine
injuries. Negative predictive value is the proportion of children who did not have any of the rule’s risk factors that do
not have a cervical spine injury.

Table 4: Actual imaging use in children presenting to an emergency
department with known or suspected blunt injury versus projected use
when applying the PECARN cervical spine injury prediction rule imaging
Table 3: Clinical performance of the cervical spine injury prediction rule algorithm




PECARN prediction rule for cervical spine imaging of children @k @
presenting to the emergency department with blunt

trauma: a multicentre prospective observational study

becca K Burger,
Lauren C Riney, Alexanc Janiel M Rubalcava,
, Nathan Kuppermann

PROs CONs
Data + methodology * Academic L1 Ped Trauma Centers
Does not rely on mechanism * Does not confirm previous evidence in some

Limited exclusion (Includes ETOH, NAI, T21) casesiiaxialiload,INALIETOH)Scaution

Simple

High baseline incidence of C-spine injury




IN SUM:

Large, prospective multicentre study

Accurate clinical prediction rule for cervical spine injury in children

High sensitivity and near-perfect NPV. 0 missed spine injuries requiring intervention.
The rule can potentially reduce CT use.

Implementation
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Trauma@SCMCI: Preparing For Today, and the Day After
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