ORIGINAL ARTICLE

Interrater reliability between surgeons and pediatric emergency
providers in the cervical spine assessment of injured children
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Cervical spine injury (CSI) is uncommon in children but an important consideration during trauma evaluation. The Pediatric Emer-
gency Care Applied Research Network (PECARN) derived and validated a CSI prediction rule to guide cervical spine imaging
decisions in children after blunt trauma. Our objective was to determine the interrater reliability between EM providers and sur-

This was a planned secondary analysis of a prospective, observational multicenter study that enrolled children aged 0 year to
17 years evaluated for blunt trauma in 18 PECARN emergency departments (EDs). We collected data on injury mechanisms, his-
tory and physical examination findings, imaging ordered, and suspicion of CSI from EM and surgery providers. Kappa, preva-

Surgeons cared for 8,041 of the 22,430 children enrolled in the parent study. About 18.6% (1494/8041) had data collection forms
completed by both EM providers and surgeons and were included in the analysis. Agreement between EM and surgery providers
per kappa was moderate (kappa 0.41-0.6) to substantial (kappa 0.61-0.8), while PABAK analyses showed substantial to almost
perfect agreement for variables in the PECARN CSI prediction rule. There was agreement between EM and surgery providers
in overall clinical suspicion for CSI in 64.2% (959/1494) of patients. Retrospective application of the PECARN Rule indicated that

We identified moderate to substantial agreement between EM providers and surgeons for clinical findings that comprise the
PECARN Cervical Spine Injury Prediction Rule. Agreement between providers during shared decision-making will strengthen
the use of the prediction rule and may lead to decreased cervical spine imaging in EDs. (J Trauma Acute Care Surg. 2025;00:

BACKGROUND:

geons for history and physical examination findings used to evaluate children for CSI after blunt trauma.
METHODS:

lence, and bias-adjusted kappa (PABAK) were used to compare interrater reliability of variables associated with CSI.
RESULTS:

ED and surgical provider assessments would have led to the same imaging decision in 73.7% (1101/1494) of patients.
CONCLUSION:
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ervical spine injury (CSI) is uncommon in children, but re-

mains an important cause of morbidity and mortality after
blunt trauma.' For all children who experience blunt trauma,
an evaluation to determine the risk of CSI is essential. When
CSI cannot be excluded, implementation of spinal motion re-
striction (SMR), the process of placing trauma patients in a rigid
cervical collar and/or on a rigid board, is used in the prehospital
setting and screening for CSI with imaging (plain radiography,

computed tomography [CT], and/or magnetic resonance imag-
ing [MRI]) is used in the emergency department (ED).>?

In the ED, decision-making around imaging is signifi-
cantly influenced by team dynamics, with a recent study empha-
sizing the importance of effective teamwork and shared
decision-making among emergency care providers.* This col-
laborative approach is crucial, especially in high-stakes environ-
ments where timely and accurate decision-making can impact
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patient outcomes.>® The assessment of historical, mechanistic,
and physical examination factors is essential for identifying po-
tential CSI and determining the need for cervical spine imaging.

Despite established guidelines, there is significant vari-
ability in the use of cervical spine imaging for pediatric patients
across different clinical settings. This variability can lead to
overuse of imaging modalities such as CT scans, which expose
children to ionizing radiation and increase their lifetime risk for
malignancy.” '* The ionizing radiation risk is significantly
greater with CTs as compared with x-ray. Given the frequent
use of CTs in pediatric patients,'*'* identifying ways to reduce
their use without missing injuries is of great importance.'> '®

Previous clinical prediction rules used to guide cervical
spine imaging have had limited pediatric representation, leading
to inconsistent application in clinical practice.'**° The Pediatric
Emergency Care Applied Research Network (PECARN) con-
ducted a multicenter prospective study to derive and validate a
clinical prediction rule aimed at identifying children at low risk
for CSI after sustaining blunt trauma.?' Applying this prediction
rule to the study’s cohort demonstrated that 50% of CTs could
have been eliminated from ED care without missing injuries in
children being evaluated for CSI. Implementing the PECARN
CSI prediction rule could streamline trauma care, reduce expo-
sure to potentially harmful ionizing radiation, and lower costs
by decreasing unnecessary cervical spine imaging.

Effective implementation of the PECARN rule requires
acceptance and uptake among all providers involved in trauma
care. Applying the protocolized and collaborative trauma evalu-
ation is strongly endorsed by Advanced Trauma Life Support
(ATLS).** When following this approach emergency medicine
(EM) physicians, surgeons, nurses, and other clinicians often
rely on a single history or physical examination to make diag-
nostic and treatment decisions. Thus, applying this prediction
rule requires that providers of differing training and back-
grounds agree on findings reported by team members. Addition-
ally, the presence of SMR independently influences clinicians’
decision-making and leads to greater use of radiographic imag-
ing in injured children.*?

Given the diverse training and backgrounds of EM pro-
viders and surgeons, and the myriad of factors influencing their
decision-making, it is crucial to determine the level of agreement
in their assessments of historical and physical examination find-
ings. High interrater reliability (IRR) would support the general-
izability and robustness of the PECARN rule across different
clinical settings.

This was a planned secondary analysis of the primary pro-
spective, multicenter study. Our main objective was to determine
the IRR of CSl-related history and physical examination find-
ings between EM and surgery providers managing children ex-
posed to blunt trauma. Our secondary objective was to compare
the degree of clinical suspicion for CSI estimated for each pa-
tient between EM and surgical providers.

METHODS

Study Design

The primary study enrolled children aged <18 years who
experienced blunt trauma and were cared for in one of 18
PECARN EDs. The study was approved for all participating

2

sites through a central IRB. The methods are described in the
dissemination of the primary study findings.?! Our study ad-
hered to STROBE reporting guidelines (see checklist in Supple-
mentary Digital Content 1, http://links.lww.com/TA/E574).

Participating Sites

Participating hospitals had pediatric EDs within freestand-
ing children's hospitals or dedicated pediatric EDs within gen-
eral EDs. Patients were evaluated by pediatric EM physicians
(attending or fellow-in-training), general EM physicians, general
pediatricians, physician assistants, or pediatric nurse practi-
tioners. All hospitals had either American College of Surgeons
Level I Trauma accreditation or their state's equivalent and were
staffed by pediatric trauma surgeons and pediatric spine sur-
geons. The latter maintain either primary surgical accreditation
in pediatric neurosurgery or pediatric orthopedic surgery, de-
pending on the site.

Inclusion/Exclusion

Inclusion criteria for this study were 1) patient age younger
than 18 years, 2) evaluation in the ED for possible blunt trauma,
3) transport from the scene by EMS, trauma team evaluation,
and/or cervical spine imaging during emergency care, and 4)
paired study observations by both an EM and surgery provider.
We excluded children with only penetrating trauma. This mirrors
the criteria from the parent study, with study observations from a
convenience sample of surgical providers being the only addi-
tional inclusion criteria required for this secondary analysis.

Missed eligible patients were those who had trauma team
involvement during ED care but were lacking a completed surgi-
cal provider data collection form. Ineligible patients for this co-
hort were all those who had no trauma team involvement during
ED care.

Enrollment occurred during times when research coordi-
nators (RCs) were available, generally between 8:00 AM and
midnight, with most sites enrolling 7 days a week.

Data Collection

For enrolled patients, RCs asked treating EM providers
and surgeons involved in patient care to complete a tablet-based,
branching-logic data collection form stored in a Research Elec-
tronic Data Capture® (REDCap) database that collected infor-
mation regarding mechanism of injury, past medical history,
chief complaints, and physical examination findings, imaging
ordered (if any), and suspicion of cervical spine injury (CSI).
The branching-logic data collection methods and list of variables
have been previously published.?'**

The study data collection forms were identical for EM
providers and surgeons. We did not capture the exact timing of
the completion of whether the patient had a shared history
and/or physical examination as part of a trauma activation. We
did ask EM and surgery providers to complete the forms inde-
pendently and asynchronously as soon as possible after complet-
ing their patient evaluation. Emergency medicine data collection
forms were completed by the treating ED clinician (pediatric
emergency medicine attending or fellow, general pediatrician,
or advanced practice provider) while surgical forms were com-
pleted by pediatric surgery attendings or fellows. Our goal was
to obtain as many IRR forms collected as possible from surgeons
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that were at the bedside during trauma evaluations. We did not
focus on IRR form completion for a specific subset of patients.

If a patient history or physical examination finding was
unknown, respondents could indicate this on the data collection
form. They could also indicate if an examination finding was not
assessed or unable to be assessed (e.g., self-report of pain in a
pre-verbal child).

Statistical Methods and Outcomes

We report frequencies and percentages for categorical var-
iables and median and interquartile range (IQR) for continuous
variables. We used standard non-parametric methods (Fisher's
exact tests with Monte Carlo approximation for categorical var-
iables, Kruskal-Wallis tests for continuous variables) to assess
for differences in participant characteristics.

Interrater reliability of key history and examination find-
ings were assessed through prevalence (based on the EM pro-
viders and surgeons), percent agreement, and Cohen's kappa
with 95% confidence limits,?> as well as prevalence adjusted
bias adjusted kappa (PABAK)*® to account for variables with
low prevalence. We interpreted Cohen's kappa and PABAK as
follows: values =0 as indicating no agreement and 0.01-0.20
as none to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate,
0.61-0.80 as substantial, and 0.81-1.00 as almost perfect
agreement.”’

We categorized clinical suspicion of cervical spine injury
by provider type as <1%, 1-5%, 6-10%, 11-50%, and >50%.
These categories were chosen based on their established rele-
vance in pediatric head trauma studies, where they have been
demonstrated to be meaningful in assessing patient risk and
guiding clinical decision-making. Specifically, studies have
shown that such categorizations help in stratifying the risk of in-
jury in the PECARN head trauma prediction rules, which have
proven effective in identifying children at low risk for clinically
significant traumatic brain injuries.*®*’

We assessed differences in clinical suspicion using
Bhapkar's test for marginal homogeneity.*® We also assessed
the association of variable agreement with cervical spine injury
and cervical spine imaging using exact logistic regression. We

Surgeon involved in care®
(N =8041)

l—.

Surgeon available to complete form
(N = 1499)

| —

Surgical provider form complete?
(N =1494)

chose exact logistic regression because of the small number of
outcomes. We present odds ratios with their 95% confidence
intervals.

For ease of analysis, individual factors were collapsed into
assessed (responses: yes, no), not assessed (responses: did not
assess, unknown) or missing (unable to assess). We employed
McNemar's test to determine marginal homogeneity for the
matched pairs of surveys.

RESULTS

Figure 1 provides an overview of patients eligible for anal-
ysis. Surgeons were involved in the care of 8041 patients in-
cluded in the main study, 18.6% (1494/8041) of whom had data
collection forms completed by the surgery provider and were el-
igible for inclusion. The majority of surgical forms were com-
pleted by trauma surgeons (85.7, 1280/1494%) with neurosur-
geons (26/1494, 1.7%), orthopedic surgeons (16/1494, 1.1%),
and surgeons who self-classified as “other” (172/1494, 11.5%)
completing the remainder.

Table 1 provides a comparison of the patients eligible and
included for analysis versus missed eligible patients where a data
collection form was not completed by the treating surgery pro-
vider. Compared with missed eligible patients, included patients
were slightly younger, less likely to be White or non-Hispanic,
more likely to be placed in SMR by EMS, and more likely to
be discharged home from the ED. There was no difference in
the rate of cervical spine injury between captured eligible pa-
tients and those missed for inclusion.

We present percent agreement and kappa results on key
history and examination findings from our prediction rule in
Table 2. We also include relevant variables from two previously
validated adult CSI screening tools, the Canadian C-Spine'® and
NEXUS?® studies. Kappa analysis demonstrated moderate or
substantial agreement between ED and surgical provider obser-
vations of all key variables for the PECARN Rule and, when
assessed using PABAK, found almost perfect agreement for all
investigated variables.

Surgeon not available to complete form?
(N =5399)
Availability of surgeon unknown (N = 1143)

Surgeon did not complete form
(N=5)

Figure 1. CONSORT diagram. Participants were eligible if a surgeon was involved in care and included in this analysis if the surgical
provider form was complete. 'Eligible for inclusion if participant had a completed ED provider form and surgeon involved in their care.
2Missed eligible participants. 3Eligible participants—indicated by involvement of a surgeon, the availability of a surgeon, and a

completed surgical provider form.
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TABLE 1. Demographics and Outcomes of Cohort From Parent
Study Who Had Surgeon Involvement With Comparison of
Surgeon Form Completion vs. Not Completed

Cohort
Eligible  Missed Eligible
(m=1494)  (n=5399) P
Demographics

Age (y) 7.0 [2.0-12.0] 8.0 [3.0-13.0] <0.001*

Male 924 (61.8%) 3308 (61.3%) 0.514**

Race <0.001%**
American Indian or Alaskan 11 (0.7%) 32 (0.6%)

Native
Asian 50 (3.3%) 139 (2.6%)
Black or African American 270 (18.1%) 1107 (20.5%)
Native Hawaiian or Other 9 (0.6%) 23 (0.4%)

Pacific Islander

White 667 (44.6%) 2877 (53.3%)
More than one race 10 (0.7%) 68 (1.3%)
Other 380 (25.4%) 805 (14.9%)

Unknown 97 (6.5%) 348 (6.4%)

Ethnicity <0.001%**
Hispanic or Latino 343 (23.0%) 1095 (20.3%)
Non-Hispanic and 986 (66.0%) 3876 (71.8%)

Non-Latino
Unknown 165 (11.0%) 428 (7.9%)

Cervical spine imaging 1024 (68.5%) 3934 (72.9%) 0.356**

obtained
EMS spinal precautions

Cervical collar 309 (20.7%) 824 (15.3%)  0.002**

Rigid long board 178 (11.9%) 419 (7.8%)  0.003**

Vacuum mattress 13 (0.9%) 19 (0.4%)  0.003**

ED provider

ED Disposition <0.001%**

Home 601 (40.2%) 1974 (36.6%)
Admit intensive care unit 273 (18.3%) 830 (15.4%)
Admit floor 499 (33.4%) 2,222 (41.2%)
Operating room 110 (7.4%) 314 (5.8%)
Death in the ED 2 (0.1%) 21 (0.4%)

Other 9 (0.6%) 38 (0.7%)

Survey respondent <0.001**
Attending, PEM 944 (63.2%) 3103 (57.5%)

Attending, EM 126 (8.4%) 476 (8.8%)
Attending, Pediatrics 11 (0.7%) 158 (2.9%)
Fellow, PEM 389 (26.0%) 1520 (28.2%)
APN or PA 20 (1.3%) 137 (2.5%)
Other 4(0.3%) 5(0.1%)
Outcomes

Cervical spine injury 67 (4.5%) 230 (4.3%)  0.719**

Congenital anomaly 16 (1.1%) 71 (1.3%)  0.514%*

GCS: 3-13, 14, 15 0.181%**
3-13 180 (12.0%) 574 (10.6%)

14 88 (5.9%) 287 (5.3%)
15 1226 (82.1%) 4538 (84.1%)

Eligible patients include study participants who had history and examination forms com-
pleted by ED providers as well as surgical providers. Missed eligible include study partici-
pants who had both ED provider and surgeon involvement but no form completed by sur-
geon. Frequencies and percentages were reported for categorical variables. Median [QI,
Q3] were reported for continuous variables.

*Kruskal-Wallis test.

**Fisher's exact test with Monte Carlo approximation.

fPresence of cervical collar, rigid long board, or vacuum mattress was determined on the
EMS provider form.

Table 3 presents the comparison of clinical suspicion for
CSl as assessed by EM and surgery providers. Shaded areas rep-
resent when the providers had exact agreement. Estimates for
clinical suspicion of CSI were similar between groups. While
the percent agreement between providers was substantially
higher for those estimated to have <1% chance of CSI compared
with other groups, overall, we did not observe a statistical differ-
ence in suspicion of injury between the two groups (p = 0.87).

We provide the association of EM and surgery provider
agreement on key history and examination variables with the
use of cervical spine imaging in Table 4. For most variables,
we observed that the odds of cervical spine imaging being ob-
tained was greater when both EM providers and trauma sur-
geons assessed a variable as present compared with both pro-
viders assessing a factor as not present. Additionally, when there
was disagreement whether a history or physical examination
variable was present, we did see a difference in the odds of
obtaining imaging for most categories compared with both pro-
viders assessing a factor as not present, regardless of whether the
surgeon or EM provider assessed the finding as present.

Table 5 shows the imaging recommendations resulting
from the PECARN Rule based on EM versus surgeon assess-
ments. There was a small but statistically significant difference
in imaging recommendations, with more assessments resulting
in plain radiographs among the emergency provider group and
more resulting in clinically clearance among the surgery
provider group. The shaded numbers on the table represent
when provider assessments would have led to the same imag-
ing recommendation, which would have occurred in 73.7%
(1101/1494) of patients.

Supplemental Digital Content 2, http://links.lww.com/TA/
E575, is a comparison of agreement statistics categorized by
whether patients ultimately were diagnosed with a CSI. Overall,
we found moderate to substantial agreement using kappa, and
substantial to near perfect agreement using PABAK, indicating
that EM and surgery providers obtained similar assessments
for patients both with and without CSIs. Supplemental Digital
Content 3, http://links.lww.com/TA/E576, provides information
about when individual risk factors were not assessed by the EM
or surgery provider. This excludes patients where either provider
indicated they could not assess a patient (i.e., self-reported neck
pain in a non-verbal child). Some important risk factors, such as
self-reported neck pain and neck tenderness on examination,
were not assessed in over 20% of encounters.

IRR completion was variable across sites, with the major-
ity of completed surgeon forms coming from a small subset of
sites. Specifically, 70.6% (1055/1494) of completed forms were
from the top five sites. Despite this variability, we did not ob-
serve major differences in IRR across sites.

DISCUSSION

In this study, we demonstrated moderate to substantial
agreement for history and examination findings for CSI risk fac-
tors between EM and surgery providers when they care for chil-
dren who sustain blunt trauma. While evaluations of trauma pa-
tients are often protocolized based on ATLS guidelines,*” in re-
ality patient assessment is fluid and complex. Interactions
between providers of different specialties are often collaborative,
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TABLE 2. Agreement on Key Patient History and Physical Examination Findings

Prevalence Per Prevalence  Percent Simple Kappa Statistic PABAK Statistic
EM Provider Per Surgeon Agreement (95% Confidence Interval) (95% Confidence Interval)

History
Motor vehicle crash 347 (23.2%) 353 (23.6%) 98.80 0.97 (0.95-0.98) 0.98 (0.96-0.99)
MVC and any one of: intrusion, ejection, death, telemetry 134 (9.0%) 131 (8.8%) 92.70 0.55 (0.47-0.62) 0.85 (0.83-0.88)
Motorcycle ATV motorized scooter crash 114 (7.6%) 123 (8.2%) 98.33 0.89 (0.84-0.93) 0.97 (0.95-0.98)
Hit by car or other motor vehicle (pedestrian, cyclist, other) 145 (9.7%) 140 (9.4%) 98.19 0.90 (0.86-0.93) 0.96 (0.95-0.98)
Fall of height greater than 10 feet 108 (7.2%) 105 (7%) 97.12 0.78 (0.72-0.85) 0.94 (0.93-0.96)
Diving 1 (0.1%) 1 (0.1%) 100.00 1.00 (1.00-1.00) 1.00 (1.00-1.00)
History of loss of consciousness (LOC) 309 (20.7%) 317 (21.2%) 76.64 0.57 (0.53-0.61) 0.65 (0.62-0.68)
Self-reported neck pain* 217 (14.5%) 221 (14.8%) 88.99 0.66 (0.60-0.72) 0.78 (0.74-0.82)

Examination findings
Abnormal airway breathing or circulation findings* 111 (7.4%) 122 (8.2%) 94.50 0.65 (0.57-0.72) 0.89 (0.87-0.91)
Suspicion for alcohol or drug intoxication 18 (1.2%) 12 (0.8%) 95.98 0.62 (0.39-0.85) 0.92 (0.87-0.97)
Altered mental status*f 291 (19.5%) 278 (18.6%) 91.90 0.74 (0.69-0.78) 0.84 (0.81-0.87)
Signs of substantial{ head injury* 311(20.8%) 287 (19.2%) 86.05 0.57 (0.51-0.62) 0.72 (0.69-0.76)
Neck pain upon examination* 182 (12.2%) 180 (12.0%) 91.90 0.70 (0.64-0.76) 0.84 (0.81-0.87)
Substantial torso injury* 150 (10.0%) 119 (8.0%) 92.12 0.52 (0.45-0.60) 0.84 (0.81-0.87)
Thoracic spine tenderness 27 (1.8%) 21 (1.4%) 94.34 0.84 (0.67-1.00) 0.89 (0.76-1.00)
Focal neurologic deficits* 56 (3.7%) 66 (4.4%) 96.51 0.54 (0.43-0.66) 0.93 (0.91-0.95)

Agreement on key patient history and physical examination findings using percent agreement, kappa statistics, and PABAK statistics. Findings were collapsed into three categories: yes, no,

and missing. Did not assess, unable to assess, and not applicable findings were all marked as missing.

*Factors from the PECARN cervical spine injury (CSI) prediction rule.
**Prevalence and bias adjusted kappa.

TGCS < 15, AVPU < A, evidence of intoxication, and/or other signs of altered mental status (agitation, somnolence, repetitive questions, slow verbal response).
ISubstantial injuries were defined a priori as those warranting inpatient observation or surgical intervention.

and the potential for differing assessments and care plans exists
and occurs naturally. Although many EM physicians and sur-
geons have some standardized, overlapping training for evalua-
tion of trauma in the ED through ATLS, this does not necessarily
lead to a harmonious team model or collaborative decision-making.
Our data demonstrate that there is significant overlap in their
clinical assessments and potential application of the prediction
rule which can support improved team dynamics going
forward.*

Our findings also highlight the broader applicability of the
PECARN CSI prediction rule. To maximize generalizability,
variables in a prediction rule should demonstrate adequate
interrater agreement to facilitate implementation across different
personnel types and clinical settings. The substantial agreement
observed between EM and surgical providers suggests that the

PECARN rule can be reliably applied by both groups, reinforc-
ing its feasibility for widespread adoption. This consistency is
particularly important in trauma care, where multidisciplinary
teams rely on shared history and physical examination findings
to guide decision-making. Future implementation efforts should
focus on integrating the rule into routine clinical workflows
through structured educational initiatives and decision-support
tools. Prior research has highlighted that decision-making
around pediatric cervical spine imaging is inherently collabora-
tive, with shared decision-making and interprofessional interac-
tions playing a crucial role in the imaging process.* In addition,
prospective implementation studies should evaluate the impact
of rule adoption on imaging utilization, patient outcomes, and
provider adherence across different trauma centers, including
those with varying levels of pediatric expertise. Given the

TABLE 3. Comparison of Suspicion of Cervical Spine Injury Between ED Provider and Surgeon

Surgical Provider

<1% (n = 963)

1-5% (n = 359)

6-10% (n=97) <11-50% (n=45) >50% (n=30) p

ED Provider  Clinical suspicion for the presence of CSI 0.87*
<1% (n=953) 767 (51.3%) 143 (9.6%) 33 (2.2%) 8 (0.5%) 2(0.1%)
1-5% (n =375) 156 (10.4%) 155 (10.4%) 40 (2.7%) 16 (1.1%) 8 (0.5%)
6-10% (n=97) 31 (2.1%) 39 (2.6%) 17 (1.1%) 6 (0.4%) 4 (0.3%)
11-50% (n = 44) 8 (0.5%) 17 (1.1%) 5(0.3%) 9 (0.6%) 5(0.3%)
>50% (n=25) 1(0.1%) 5(0.3%) 2 (0.1%) 6 (0.4%) 11 (0.7%)

*Bhapkar’s test for marginal homogeneity.
Agreement of clinical suspicion of cervical spine injury between ED provider and surgical provider. Counts and percentages of agreements represented in the highlighted cells. The simple
Kappa statistic for clinical suspicion for the presence of CSI was 0.32 (0.28, 0.35).
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TABLE 4. Association of Agreement Between ED and Surgical Providers and Outcomes

Cervical Spine Injury

Cervical Spine

Imaging Obtained

Odds Ratio (95% Odds Ratio (95%
Overall (N =1494) confidence interval) P confidence interval) V4
Self-reported neck pain Agree and not present 1207 (80.8%) Reference . Reference .
Agree and present 151 (10.1%) 3.27 (1.71-6.03) <0.001 29.71 (9.87-146.56)  <0.001
ED not present, surgeon present 70 (4.7%) 1.16 (0.22-3.75) 0.993  13.45(4.37-67.25) <0.001
ED present, surgeon not present 66 (4.4%) 0.81 (0.09-3.21) 1.000  3.37(1.68-7.49) <0.001
Abnormal airway, breathing, Agree and not present 1340 (89.7%) Reference Reference
or circulation findings
Agree and present 79 (5.3%) 9.62 (4.8-18.69) <0.001  6.25(2.71-17.72) <0.001
ED not present, surgeon present 43 (2.9%) 5.7 (1.85-14.8) 0.003  2.25(1.01-5.66) 0.045
ED present, surgeon not present 32 (2.1%) 9.82 (3.37-25.31) <0.001 15.92 (2.64-650.96)  <0.001
Altered mental status Agree and not present 1149 (76.9%) Reference . Reference .
Agree and present 224 (15.0%) 8.31 (4.71-14.84)  <0.001 13.46 (7.07-28.79) <.001
ED not present, surgeon present 54 (3.6%) 1.73 (0.19-7.25) 0.688  5.03 (2.13-14.51) <0.001
ED present, surgeon not present 67 (4.5%) 3.62 (1.05-10.08) 0.043 3.59 (1.79-7.96) <0.001
Signs of substantial head injury Agree and not present 1090 (73.0%) Reference . Reference .
Agree and present 194 (13.0%) 3.07 (1.57-5.82) 0.001 9.2 (5.16-17.84) <0.001
ED not present, surgeon present 93 (6.2%) 3.01 (1.16-6.92) 0.024  4.93 (2.58-10.38) <0.001
ED present, surgeon not present 117 (7.8%) 2.67 (1.09-5.89) 0.031  5.78 (3.13-11.69) <0.001
Examination reported neck tenderness ~ Agree and not present 1259 (84.3%) Reference . Reference .
Agree and present 127 (8.5%) 3.12 (1.54-5.98) 0.002  73.2(12.8-2923.62) <0.001
ED not present, surgeon present 53 (3.5%) 1.51 (0.29-4.96) 0.680  9.68 (3.1-48.81) <0.001
ED present, surgeon not present 55 (3.7%) 0.95 (0.11-3.81) 1.000  10.07 (3.23-50.7) <0.001
Substantial torso injury Agree and not present 1301 (87.1%) Reference . Reference .
Agree and present 76 (5.1%) 5.61 (2.56-11.51)  <0.001 1.56 (0.89-2.85) 0.131
ED not present, surgeon present 43 (2.9%) 1.46 (0.17-5.97) 0.831  2.49(1.08-6.67) 0.029
ED present, surgeon not present 74 (5.0%) 5.22 (2.31-10.95) <0.001 1.22 (0.71-2.16) 0.537
Focal neurologic deficits Agree and not present 1401 (93.8%) Reference . Reference .
Agree and present 29 (1.9%) 5.09 (1.46-14.31) 0.012  6.53 (1.63-56.91) 0.003
ED not present, surgeon present 37 (2.5%) 3.82 (1.12-10.41) 0.033 2.5 (1.02-7.38) 0.045
ED present, surgeon not present 27 (1.8%) 1.96 (0.22-8.19) 0.587  2.13(0.78-7.24) 0.171

Estimates and p values are provided using exact logistic regression. In the cases where the lower confidence limit is 0 or the upper confidence limit is missing (.) this indicates a median

unbiased estimate and a one-sided p value.

potential for this rule to reduce unnecessary imaging while
maintaining patient safety, a key next step is assessing how its

demic pediatric EDs, as well as general EDs who lack pediatric

specialists.

application influences real-world clinical practice and workflow

efficiency in diverse settings. We are currently planning such a
trial which would evaluate implementation strategies in aca-

To our knowledge, this is the first study to directly exam-

ine the IRR of EM and surgery providers when assessing for CSI
in pediatric blunt trauma patients. While our study was focused

TABLE 5. Comparison of Imaging Recommendation Between ED Provider and Surgical Provider Using the PECARN Cervical Spine

Injury Prediction Rule

Surgical Provider

Clinically Cleared (No Imaging) (n =753) CT (n=215) Plain Radiograph (n = 526) )
ED Provider Imaging recommendation per the prediction rule 0.0040%*
Clinically cleared (no imaging) (n = 702) 570 (38.2%) 30 (2%) 102 (6.8%)
Computed tomography (n = 205) 20 (1.3%) 146 (9.8%) 39 (2.6%)
Plain radiograph (n = 587) 163 (10.9%) 39 (2.6%) 385 (25.8%)

*Bhapkar’s test for marginal homogeneity.

Agreement of imaging recommendation between ED provider and surgical provider. Counts and percentages of agreements represented in the highlighted cells. Participants were grouped in
mutually exclusive categories by grouping those receiving both plain radiographs and cervical spine computed tomography with those receiving cervical spine computed tomography only. If
neither form of imaging was identified on medical record review, the participant was considered clinically cleared. Projected imaging categories were determined by the PECARN cervical spine
injury prediction rule. The simple Kappa statistic for Imaging recommendation per the prediction rule was 0.57 (0.53-0.6).
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exclusively on blunt trauma patients and evaluation of CSI, there
is minimal existing literature evaluating agreement in history or
examination findings in pediatric trauma populations. Browne
etal’! evaluated interobserver agreement for CSI risk factors be-
tween EM and prehospital providers. They found moderate
agreement for many CSI risk factors, although they also noted
many factors were not assessed and both groups had poor clini-
cal suspicion for CSI identification.

Prior PECARN studies had similarly evaluated interob-
server agreement in different conditions. Yen et al*” evaluated
IRR of physical examination findings for pediatric patients with
abdominal pain. Pediatric emergency medicine attending physi-
cians and pediatric surgeons had moderate agreement for re-
bound tenderness, but poor agreement for other examination
variables. This contrasts with our results showing high agree-
ment across multiple domains. There are many possibilities for
our differing findings. The approach to trauma patients is overall
more standardized than for most other patients given the reliance
on ATLS training. Additionally, trauma examinations for PEM
physicians and surgeons are more likely to occur in close tempo-
ral proximity than for isolated evaluations of abdominal pain,
where surgery providers are typically evaluating the patients
later then PEM physicians. Our study also had a much larger
sample size—with nearly 1500 patients in our sample compared
with 68 patients*>—and is more likely to reliably detect differ-
ences if they exist.

Limitations

All participating EDs were dedicated pediatric trauma
centers with academic affiliations and significant prior experi-
ence in PECARN studies. While geographically diverse, these
sites represent a subset of institutions with well-established
trauma systems and research infrastructure and may not reflect
the variability in pediatric trauma care across all settings, such
as community hospitals or lower-level trauma centers. Addi-
tional research is needed to determine the prediction rule’s
IRR and implementation feasibility in non-tertiary care settings,
where provider experience with pediatric trauma may vary. In
addition, we were unable to obtain surgical provider observa-
tions on 80% of children included in the primary study.
Interrater reliability completion was unevenly distributed across
study sites, with the majority of completed surgeon forms orig-
inating from a subset of centers. While this may introduce site-
specific biases, we did not observe major differences in agree-
ment across sites. However, future studies should evaluate how
IRR and implementation feasibility may vary in different clinical
settings, particularly in centers with lower research infrastructure
or different trauma care models. Finally, while there was high
agreement in the history and examination findings, we did not
control or record the timing of data collection form completion
by the EM and surgery providers relative to obtaining the history
and physician examination. In some trauma evaluations, a group
examination may have been performed per ATLS protocols,
which could bias the responses toward higher agreement.

Our study demonstrated a high interrater agreement in his-
tory and examination findings between EM and surgery pro-
viders for clinical criteria that comprise the PECARN CSI pre-
diction rule. These findings provide strength to the multidisci-
plinary use of this tool during the trauma evaluation of injured

© 2025 Wolters Kluwer Health, Inc. All rights reserved.

children and evidence of the generalizability of the rule across
trauma specialists. In turn this could lead to decreased radio-
graphic screening for CSI after blunt trauma in children.
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