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I n the United States, unintentional injury remains the leading
cause of death and years of potential life lost among children

and young adults, and the third most common cause of death
overall.1,2 Injury is the most common reason for use of 9-1-1
emergency medical services (EMS) in the United States,3 with
EMS playing a critical role in the early evaluation and care of in-
jured patients.4 An important aspect of EMS care is field triage
—the process of identifying seriously injured patients in need of
care in specialized trauma centers from among the larger number
of patients with minor to moderate injuries who can be cared for
in nontrauma hospitals. To accomplish this task quickly and ef-
ficiently, EMS clinicians use specific prehospital criteria known
as the field triage guideline. The triage guideline was originally
developed in 1976, with periodic revisions every 5 to 10 years.5

The most recent evidence-based revisions to the field triage
guideline were completed in 2011.6

Concentrating the most seriously injured patients in
trauma centers through field triage is predicated on the principle
that patients have better outcomes in these hospitals. A landmark
study demonstrated 20% lower in-hospital mortality and 25%
lower 1-year mortality among seriously injured adults treated
in Level I trauma centers compared with nontrauma hospitals.7

Other studies have shown that regionalized trauma systems are
associated with reductions in mortality,8–11 with the benefit
driven primarily by Level I trauma centers.8,9 The benefits are
similar for children, particularly when treated in pediatric trauma
centers12–14 and in trauma centers with high emergency depart-
ment (ED) pediatric readiness.15,16 For older adults, the benefit
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of tertiary trauma centers is less clear, with some studies showing
reduced mortality17,18 and others no effect.7,19 Until the evidence
becomes clearer, the prevailing view is that seriously injured older
adults should be managed in trauma centers.

The effectiveness of field triage is measured at the system
level usingmetrics termed undertriage and overtriage. Undertriage
is the percentage of seriously injured patients missed by field tri-
age processes and transported to nontrauma hospitals, which is
associated with increased mortality in adults and children.20–23

Overtriage is the percentage of patients with minor to moderate
injuries identified by field triage criteria as having serious inju-
ries and transported to trauma centers unnecessarily, represent-
ing overuse of limited resources and inefficiency in the system.
Undertriage and overtriage are inversely related.24 Trauma sys-
tems have prioritized the goal of minimizing undertriage and
accepting a higher level of overtriage to avoid increasedmortality,
with targets set at≤5% and≤35%, respectively.4 A systematic re-
view of field triage performance across all ages showed 14% to
34% undertriage and 12% to 31% overtriage.25 Undertriage of
children is up to 51%26 and has increased with recent triage
guidelines.27 Undertriage is highest among older adults,28–30 with
half of seriously injured older adults treated in nontrauma centers
nationally.31 Reducing undertriage was an important goal of the
panel for the current guideline revision.

The purpose of this report is to present the final 2021 field
triage guideline and to describe the process of guideline develop-
ment and the supporting evidence. The guideline is intended for
use in civilian 9-1-1 EMS systems and is not intended to guide
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TABLE 1. Statistical Criteria Used to Add and Remove Individual
Triage Criteria

• To add a new field triage criterion: +LR ≥2 or AUROC ≥ 0.60
Magnitude of predictive utility:
○ Large effect: +LR ≥10, AUROC ≥0.80
○ Moderate effect: +LR 5–9, AUROC 0.7–0.79
○ Small effect: +LR 2–4, AUROC 0.6–0.69

• To remove a field triage criterion: no evidence or+LR 1.0–1.5 or AUROC 0.50–
0.55 across multiple studies (triage criteria were not removed based on a single
study)
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mass casualty events or in-hospital trauma team responses. The
evidence to support the current guideline is based on civilian
trauma systems. The guideline is intended for patients in whom
maximal resuscitative care is appropriate and does not apply to
patients with limited goals of care.

METHODS

Study Design
We conducted an evidence-based revision of the field tri-

age guideline using an interdisciplinary national expert panel
and systematic reviews of the field triage literature. We used
the Reporting Tool for Practice Guidelines in Health Care32 to re-
port the 2021 revision to the field triage guideline. A complete
Reporting Tool for Practice Guidelines in Health Care checklist
is included as supplemental online content (Supplemental Digital
Content, Supplementary Data 1, http://links.lww.com/TA/C515).

Panel Participant Recruitment
The expert panel included EMS clinicians, EMS physi-

cians, emergency physicians, trauma surgeons, pediatric surgeons,
nurses, EMS medical directors, experts in EMS training and edu-
cation, EMS and trauma system administrators, researchers, and
representatives from stakeholder organizations. The function of
the panel was to review the evidence base, provide stakeholder
feedback, assess usability and feasibility, and make informed de-
cisions about revisions to the triage guideline.

Systematic Reviews and Evidence Base
We organized multiple systematic reviews in advance of

the guideline revision. The reviews were targeted to controver-
sial aspects of the guideline, opportunities for new or modified
criteria, and to identify relevant literature published since the
2011 guideline, including assessment of the quality of evidence
and risk of bias. The systematic reviews included the predictive
utility of out-of-hospital motor GlasgowComa Scale (GCS) score
versus total GCS,33 circulatory measures,34 respiratory mea-
sures,35 mechanism of injury and special considerations criteria,36

and the overall performance of the triage guideline.25

An inherent challenge in field triage is defining a “seri-
ously injured” patient, which has varied widely across studies.
Most triage research has used one of the following categories to
define “serious injury”: (1) anatomic injury severity (e.g., Injury
Severity Score ≥16), (2) critical resource use (e.g., blood transfu-
sion requirements, certain operative interventions, and specific
“life-saving” procedures), (3) in-hospital mortality, or (4) a com-
bination of categories.25,33–36 We considered any of these defini-
tions to represent “serious injury.”

Criteria for addition and removal of triage criteria
For the 2011 guideline, the threshold to add new triage

criteriawas a positive predictive value of 20% or greater, with re-
moval of criteria when predictive evidence was lacking.6 Be-
cause the positive predictive value is dependent on the preva-
lence of disease (e.g., serious injury) and therefore not readily
comparable across studies, we worked with experts in predictive
analytics to identify rigorous statistical criteria to guide the addi-
tion and removal of triage criteria. Ultimately, we opted to use
positive likelihood ratios (+LRs) and area under the receiver op-
erating characteristic curves (AUROCs) because they combine
e50 © 2022 The Author(s). Published by Wolters Kluwer Health,
sensitivity and specificity, are not influenced by disease preva-
lence, and provide more balanced metrics (Table 1). We used
+LRs because individual triage criteria generally favor specific-
ity over sensitivity. When all triage criteria are combined, the
collective sensitivity of the guideline is raised. We also consid-
ered ease of use in the field and quality of the evidence.

Process for Generating the Updated Guidelines
We assembled a steering committee years in advance to

develop key questions for the systematic reviews, organize, plan,
and orchestrate the revision process. The expert panel met for
2 days in April 2021 to review the evidence base and discuss po-
tential revisions to the guideline. Following the meeting, the
steering committee drafted proposed revisions to the guideline
and compiled additional data to address questions from the
panel. A second meeting with the panel was held 2 months later
to discuss the draft revisions, present additional data, and reach
consensus on recommendations for the new guideline. Follow-
ing the second meeting, the steering committee integrated the
additional revisions and sent the draft guideline to stakeholder
organizations for feedback. The steering committee integrated
feedback from each of these organizations and again returned
the updated guideline to the expert panel for review. This pro-
cess was repeated until all comments, suggestions, and feedback
had been addressed.

In parallel with preparations for revisions to the guideline,
the EMS Subcommittee of the American College of Surgeons
Committee on Trauma developed and piloted a 40-question
electronic end-user feedback tool in the fall of 2020. The tool
was distributed to 29 national organizations to gather information
about use of the field triage guideline directly from EMS clini-
cians. Responses from 3,958 EMS clinicians37 were shared with
the expert panel and integrated into the guideline revision process.

RESULTS

Overview
The 2021 field triage guideline includes important clarifi-

cations regarding nomenclature and terminology. The name has
been revised to “National Guideline for the Field Triage of In-
jured Patients,” reflecting the goal and intended function of the
document. The name can be shortened to “Field Triage Guide-
line,” as needed.

Format and Structure
There are substantive changes to the format and structure

of the guideline. Because stakeholder feedback and research indi-
cated that the step-wise algorithmic format of prior versions was
Inc. on behalf of the American Association for the Surgery of Trauma.
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overly complex for field use, the expert panel modified the struc-
ture to align with the flow of information to EMS and actual use
of the guideline.37–39 The redesigned structure consolidates tri-
age criteria into two main categories based on risk of serious in-
jury: (1) high-risk criteria (red box), including Injury Patterns
(previously “Anatomic Criteria”) and Mental Status and Vital
Signs (previously “Physiologic Criteria”), and (2) moderate-risk
criteria (yellow box), including Mechanism of Injury and EMS
Judgment (previously “Special Considerations”). Each risk cate-
gory is aligned with recommendations for a destination hospital.
The guideline is intended to be read from top-to-bottom (risk)
and left-to-right (flow of information to EMS).

Specific Field Triage Guideline Recommendations
The 2021 guideline is detailed in Figure 1. Changes from

the 2011 field triage guideline are summarized in Table 2. The
2011 guideline is included in the online supplement for reference
(Supplemental Digital Content, Supplementary Data 2, http://
links.lww.com/TA/C516).

Injury Patterns (Previously Step 2 Anatomic Criteria)
Injury patterns are highly specific, yet insensitive for iden-

tifying seriously injured patients.40 We added one new criterion
and revised six criteria for clarity. Two criteria remain un-
changed. We also revised the order of criteria to align with a
head-to-toe field-based rapid physical assessment.

New and Modified Criteria
• New criterion: Active bleeding requiring a tourniquet or
wound packing with continuous pressure

Rationale: Research in military settings has shown that early
field application of tourniquets is associated with improved sur-
vival and few complications.41–43 Tourniquet use was not in-
cluded in the 2011 guideline because of insufficient evidence
in the civilian setting. Multiple civilian studies have since been
published on the appropriate application of field tourniquets,
safety, effectiveness, and specificity for serious injury. Among
306 civilian trauma patients with tourniquet application, 92% re-
quired surgical intervention within 8 hours and field application
was associated with lower transfusion requirements and higher
survival.44 Additional studies showed similar results.45–47 The
panel added “wound packing with continuous pressure” to
capture external bleeding requiring operative intervention in
anatomic locations not amenable to tourniquet placement.

• Criterion clarified: Penetrating injuries to the head, neck,
torso, and proximal extremities

Rationale: This criterion was revised from “proximal to elbowor
knee”6 to “proximal extremities” to simplify the criterion based
on EMS feedback. This criterion includes impalement.

• Criterion clarified: Skull deformity, suspected skull fracture
Rationale: This criterion was revised from “Open or depressed
skull fracture” based on EMS feedback.

• Criterion clarified: Suspected spinal injury with new motor
or sensory loss

Rationale: This criterion was revised from “Paralysis” based on
EMS feedback.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
• Criterion clarified: Chest wall instability, deformity, or
suspected flail chest

Rationale: This criterion was revised from “Chest wall instability
or deformity (e.g., flail chest)” based on EMS feedback.

• Criterion clarified: Suspected pelvic fracture
Rationale: This criterion was revised from “Pelvic fractures”
based on EMS feedback. While field use of this criterion has
shown lower predictive utility than other anatomic criteria, hav-
ing a pelvic fracture by International Classification of Diseases,
Ninth Revision, diagnosis codes increased the +LR to 6.2.40 The
panel felt that this criterion should be retained, noting an oppor-
tunity for EMS training.

• Criterion clarified: Suspected fracture of two or more proxi-
mal long bones

Rationale: This criterion was revised from “Two or more proxi-
mal long-bone fractures” based on EMS feedback.

Retained Criteria (No Changes)
• Retained criterion: Crushed, degloved, mangled, or pulseless
extremity

• Retained criterion: Amputation proximal to wrist or ankle
Rationale: While the panel debated changes to the level of am-
putation (e.g., hand, digit) based on the limited availability of
hand surgeons in many regions, they ultimately decided to retain
the criterion without changes.

Mental Status and Vital Signs (Previously Step 1
Physiologic Criteria)

These criteria are highly specific, but insensitive for identify-
ing seriously injured patients. The panel focused on expanding this
category based on new evidence, with attention to feasibility of use
in the field. There are five new criteria, three retained criteria, and
three criteria removed.

New and Modified Criteria
• New criterion: “Unable to follow commands (motor GCS<6)”
replaces total “GCS ≤13.”
Rationale: Twelve head-to-head studies compared total GCS to
motor GCS, with high AUROCs for both measures (0.8–0.9).33

The AUROC difference in predictive performance between the
two measures was small and unlikely to have clinical impact,33

particularly considering ease of use and the dichotomized
cut point used for field triage. Feedback from EMS and the
expert panel indicated strong preference for simplifying the
criterion for feasibility and EMS training. This measure also
applies to young children,48,49 as lacking spontaneous or pur-
poseful movements. Patients with language barriers who are
unable to understand commands is a potential limitation of
this criterion.

• New criterion: heart rate (HR) > systolic blood pressure
(SBP) (adults and older adults)
Rationale: The systematic review of circulatory predictors iden-
tified 29 studies evaluating shock index (HR/SBP), most of
which used a value of 1.0.34 Among out-of-hospital studies,
pooled estimates showed a sensitivity of 37%, a specificity of
of the American Association for the Surgery of Trauma. e51
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Figure 1. 2021 National Guideline for the Field Triage of Injured Patients. *For the red criteria transport recommendations, patients in
extremis (e.g., unstable airway, severe shock, or traumatic arrest) may require transport to the closest hospital for initial stabilization,
before transport to a Level I or II trauma center for definitive care. Pediatric patients meeting the red criteria should be preferentially
triaged to pediatric-capable trauma centers. The EMS Judgment criteria should be considered in the context of resources available in
the regional trauma system, including consideration of online medical control for further direction. Examples of patients with special,
high-resource health care needs include tracheostomy with ventilator dependence and cardiac assist devices, among others. Patients
with combined burns and trauma should be preferentially transported to a trauma center with burn care capability. If not available,
then a trauma center takes precedence over a burn center. Specific age used to define “children” is based on local system resources
and practice patterns.
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85%, and an AUROC of 0.72 for identifying seriously injured
patients.34 Among five head-to-head studies comparing shock
index to SBP, all favored shock index, although the quality of
evidence was low.34 Assessing if HR is greater than SBP
e52 © 2022 The Author(s). Published by Wolters Kluwer Health,
achieves the goal of identifying patients with a shock index
of >1.0 and facilitates EMS training. Pediatric studies have
used an age-adjusted shock index to predict serious injury,50,51

but the panel felt that calculating an age-adjusted shock index
Inc. on behalf of the American Association for the Surgery of Trauma.



TABLE 2. Summary of Changes to the Field Triage Guidelines

Type of Change Changes in 2021 Field Triage Guidelines Age Range 2011 Field Triage Guidelines

Format and structure Two categories of triage criteria, based on risk of serious
injury — high risk versus moderate risk (from top to
bottom organization)

All ages 4 Categories of triage criteria, classified as “steps”

Within each risk category, the groups of criteria are listed
from left to right to follow the flow of information
to EMS

No alignment with flow of information to EMS

Injury patterns criteria are organized from head-to-toe
to align with rapid field assessment

No specific order

Injury Patterns All ages Anatomic criteria (step 2)

New criterion Active bleeding requiring a tourniquet or wound
packing with continuous pressure

All ages None

Clarified criteria Skull deformity, suspected skull fracture All ages Open or depressed skull fracture

Suspected spinal injury with new motor or sensory loss All ages Paralysis

Chest wall instability, deformity or suspected flail chest All ages Chest wall instability or deformity (e.g., flail chest)

Suspected pelvic fracture All ages Pelvic fractures

Suspected fracture of two or more proximal long bones All ages Two or more proximal long-bone fractures

Mental Status and Vital Signs All ages Physiologic criteria (step 1)

New criteria Motor GCS <6 (unable to follow commands) All ages GCS ≤13
Heart rate >SBP ≥10 y None

SBP <70 mm Hg + (2 � age in years) 0–9 y None

Respiratory distress or need for respiratory support All ages Respiratory rate <20 in infant aged <1 y;
ventilatory support

Room air pulse oximetry <90% All ages None

Relocated criteria SBP <110 mm Hg for older adults ≥65 y SBP <110 might represent shock after age 65 y
(Special Considerations section)

Mechanism of Injury Criteria All ages Mechanism criteria (step 3)

New criterion Child (age 0–9 y) unrestrained or in unsecured child
safety seat

0–9 y None

Modified criteria Rider separated from transport vehicle with significant
impact (e.g., motorcycle, ATV, horse, etc.)

All ages Motor cycle crash >20 mph

Fall from height >10 ft (all ages) All ages Adults: >20 ft (one story is equal to 10 ft)
Children: >10 ft or two to three times the height

of the child

Modified criterion Pedestrian/bicycle rider thrown, run over, or with
significant impact

Auto vs. pedestrian/bicyclist thrown, run over, or
with significant (>20 mph) impact

EMS Judgment All ages Special considerations criteria (step 4)

New criteria Low level falls in young children (≤ 5 y) or older
adults (≥ 65 y) with significant head impact

0–5 y, ≥65 y Older adults— low impact mechanisms (e.g.,
ground level falls) might result in severe injury

Suspicion of child abuse Any child, with
focus on ≤5 y

None

Special, high resource health care needs All ages None

Modified criteria Anticoagulation use All ages Anticoagulants and bleeding disorders — patients
with head injury are at high risk for rapid
deterioration

Transport
recommendations

Patients meeting any of the high risk criteria (Injury
Patterns and Mental Status and Vital Signs)
“should be preferentially transported to the highest
level trauma center available within the geographic
constraints of the regional trauma system”

Patients meeting any of the Step 1 (physiologic) or
Step 2 (anatomic) criteria “should be transported
preferentially to the highest level of care within
the defined trauma system”

Continued next page
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TABLE 2. (Continued)

Type of Change Changes in 2021 Field Triage Guidelines Age Range 2011 Field Triage Guidelines

Patients not meeting high risk criteria, but meeting
any of the moderate risk criteria “should be
preferentially transported to a trauma center, as
available within the geographic constraints of the
regional trauma system (need not be the highest
level trauma center)”.

Patients not meeting Step 1 or 2 criteria but meeting
Step 3 criteria, “transport to a trauma center, which,
depending upon the defined trauma system, need
not be the highest level trauma center”
Patients not meeting Steps 1, 2, or 3, but meeting
Step 4 criteria, “transport to a trauma center or
hospital capable of timely and thorough evaluation
and initial management of potentially serious
injuries. Consider consultation with medical control.”
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would be cumbersome and nonfeasible for field use. Therefore, this
criterion only applies to adults and older adults.

• New criterion: SBP < 70 mm Hg + (2 � age in years)
(children 0–9 years)
Rationale: Two studies showed that age-adjusted hypotension
(calculated using this formula) in the ED is an independent pre-
dictor of mortality among injured children.12,16 Inclusion of this
criterion aligns the triage guideline with Advanced Trauma Life
Support training52 and was viewed by the panel as a pediatric-
specific training opportunity for EMS. Children older than 9 years
reach the adult threshold of SBP <90 mm Hg using the formula.
Because hypotension is a late finding of pediatric shock (decom-
pensated shock), EMS training on the use of visual cues (e.g.,
pallor, mottling, cyanosis) is encouraged, as represented in the
Pediatric Assessment Triangle.53–55

• New criterion: “Respiratory distress or need for respiratory
support” replaces “need for ventilatory support” and “respi-
ratory rate <20 in infant aged <1 year.”
Rationale: The criterion “need for ventilatory support” was
added in 20116 based on three studies showing that need for airway
management and assisted ventilation was highly predictive of seri-
ous injury and death.56–58 There have since been four studies eval-
uating the need for respiratory support (variably defined as assisted
ventilation, intubation, or need for mechanical ventilation), which
showed a sensitivity of 8% to 53% and a specificity of 61% to
100% for identifying patients with serious injury.35 The panel re-
vised the wording to “need for respiratory support” based on
EMS feedback. Because there is not a specific respiratory rate
threshold for injured infants,58 the “respiratory rate <20 in infants”
criterion was removed. The panel included “respiratory distress” to
facilitate EMS training on important examination findings that pre-
cede the need for respiratory support, particularly in children.53–55

• New criterion: Room-air pulse oximetry <90%
Rationale: Pulse oximetry is widely available on portable moni-
tors used by EMS and has been evaluated in five studies, with
most using a cut point of <90%.35 Pulse oximetry had AUROC
values of 0.59 to 0.76 for identifying patients with serious injury,
similar to the respiratory rate criterion.35 While most studies
were conducted in adults, one study demonstrated the predic-
tive utility of pulse oximetry in injured children57 and another
study showed the benefit of respiratory support and correction
of hypoxia among young children with traumatic brain injury.59

Therefore, this criterion applies to patients of all ages.
e54 © 2022 The Author(s). Published by Wolters Kluwer Health,
Retained Criteria (No Changes)
• Retained criterion: SBP <90 mm Hg
Rationale: The predictive utility of hypotension is supported by
49 studies, most of which evaluated a cut point of
SBP <90 mm Hg.34 A meta-analysis of 17 studies showed that
prehospital SBP <90 mmHg had a pooled sensitivity of 19%, a
specificity of 95%, and an AUROC of 0.67 for patients with se-
rious injuries.34 Higher thresholds for SBP modestly raised
sensitivity, but lowered specificity,34 and the panel sought to
preserve the specificity of this measure. This criterion applies
to patients 10 years and older, with use of a higher threshold
for older adults.

• Retained criterion: SBP <110 mm Hg for older adults
Rationale: The criterion “SBP <110 mm Hg might represent
shock after age 65 years” was added to the “Special Consider-
ations” section in 2011 to address the issue of undertriage
among older adults.6 Because SBP <90 mmHg has a sensitivity
of 4% to 5% for identifying seriously injured older adults, a
higher SBP threshold improves sensitivity (13–29%) while pre-
serving specificity (83–93%) in this population.34 This criterion
was moved from the Special Considerations section to Mental
Status and Vital Signs for clarity and consistency.

• Retained criterion: Respiratory rate of <10 or >29 breaths
per minute
Rationale: Respiratory rate is the most commonly studied respi-
ratory triage criterion (25 studies), with respiratory rate of <10 or
>29 breaths per minute being the most studied parameters.35

This criterion had a pooled sensitivity of 13% and a specificity
of 96% for identifying seriously injured patients, with an
AUROC of 0.70.35While most studies were conducted in adults,
a respiratory rate <10 or >29 breaths/minute demonstrated good
predictive utility in children and older adults, yet with more var-
iability in the accuracy estimates.35 This criterion applies to pa-
tients of all ages.

Mechanism of Injury Criteria
Because anatomic and physiologic criteria identify less

than half of patients with serious injuries,28,60,61 the mechanism
criteria are important in the triage process. However, the mecha-
nism criteria are less specific for serious injuries (lower +LR)
and therefore are included in the “moderate risk” category.
Based on high undertriage associated with previous versions
of the guideline,25–27,29 the panel considered changes to reduce
Inc. on behalf of the American Association for the Surgery of Trauma.
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undertriage, particularly in children. There is one new criterion,
three modified criteria, and four unchanged criteria.
New and Modified Criteria
• New criterion: Child (age 0–9 years) unrestrained or in unse-
cured child safety seat

Rationale: Motor vehicle crashes are a common cause of pediat-
ric injury. Lack of appropriate restraints is a consistent factor
among seriously injured children.62–66 Unrestrained children
have higher injury severity, greater trauma resource needs and
are more likely to die than restrained children.62–64 Lack of re-
straint use also has been shown to predict seriously injured chil-
dren involved in motor vehicle crashes.66 The panel felt that this
criterion was most pertinent for children 0 to 9 years, which pro-
vided consistency with the age range for pediatric blood pres-
sure to simplify EMS training.

• Modified criterion: Significant intrusion (including roof) >12 in
occupant site or >18 in any site or need for extrication of the
entrapped patient

Rationale: As criteria already present in the guideline,6,67 addi-
tional studies have confirmed the predictive utility of these
criteria in adults and children.36,60,61,68 Extrication >20 minutes
was removed from the 2006 guideline based on varying defini-
tions of “prolonged extrication” in the literature and the belief
that the intrusion criteria would capture patients requiring extri-
cation.6,67 However, a systematic review showed that extrication
of any duration was a significant predictor of serious injury in
adults and children36 and that predictive utility was retained
down to ≥5 minutes.61 Based on these studies, the panel added
the extrication criterion back to the guideline, without a specific
time requirement. Because different studies used “extrication”
and “entrapment” interchangeably, the panel integrated these
terms for the criterion.

• Modified criterion: Rider separated from transport vehicle
with significant impact (e.g., motorcycle, ATV, horse, etc.)

Rationale: Different versions of the motorcycle crash criterion
have been present since the 1990 guideline,5 despite limited
data. A study of adults not meeting physiologic or anatomic
criteria showed that motorcycle crash >20mph or with rider sep-
aration had poor overall predictive utility (+LR, 1.0–1.2).61With
only a single study evaluating the motorcycle criterion in the
past 10 years36 and the speed component offering little pre-
dictive yield,61 the panel removed the speed requirement and
broadened the type of transport vehicle for greater application
to children.60

• Modified criterion: fall from height >10 ft (all ages)
Rationale: The 2011 guideline specified falls >20 ft in adults
and >10 ft in children (or two to three times the height of the
child).6 However, the >10 ft criterion has good predictive utility
for children60 and adults.61 The criterion specifying two to three
times the height of the child was based on research in young
children falling from bunk beds69 but has not demonstrated im-
proved prediction compared with a >10 ft criterion.60 For consis-
tency and simplicity, the panel opted to use the same fall height
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
for children and adults and to remove the age-based height for
children.

• Modified criterion: Pedestrian/bicycle rider thrown, run over,
or with significant impact

Rationale: This triage criterion was included in the 1987 guide-
line, with slight modifications over time.5,6 Six studies pub-
lished since 2011 showed mixed results (+LR, 0.4–2.8).36 In a
study of children not meeting physiologic or anatomic criteria,
the pedestrian criterion was predictive for patients run over and
with significant impact (>20 mph).60 Among adults, this crite-
rion demonstrated predictive utility with higher speed of impact
(+LR ≥2.2).61 Because this criterion has long existed in the tri-
age guideline with reasonable predictive utility for children, the
panel retained the criterion and simplified the wording.

Retained Criteria (No Changes)
• Retained criterion: Ejection (partial or complete) from auto-
mobile

Rationale: Among multiple studies published since 2011, most
showed that ejection remains a significant predictor of serious
injury and death in adults and children.36,60,61

• Retained criterion: Death in passenger compartment
Rationale: In several studies published since 2011, death of an-
other passenger in the same vehicle predicted serious injury in
adults and children.36,60,61

• Retained criterion: Vehicle telemetry data consistent with se-
vere injury

Rationale: This criterion was added to the 2006 guideline based
on promising developments in automated collision notification
systems and retained in 2011 based on six studies demonstrating
predictive utility and the potential for transmission to 9-1-1 dis-
patch centers.6 In five recent studies, crash algorithms had good
predictive utility (+LR, 4.7–22.2),36 yet studies evaluating real-
time use of vehicle telemetry for field triage are lacking.

Emergency Medical Services Judgment (Previously
Step 4 Special Considerations)

The “Special Considerations” step has changed over time
to include special populations, unique triage factors, and EMS
provider judgment.6 While some studies of EMS provider judg-
ment have had mixed results,70,71 others have shown judgment
to be independently associated with serious injury.72 The panel
felt that EMS judgment plays an important role in field triage,
but is dependent on training and experience. For the current
guideline, the panel created a category for “EMS Judgment” to
replace “Special Considerations” and provided structured guid-
ance on factors to consider in the decision-making process.
The criteria in this section generally have less evidence and
lower predictive utility, but remain important considerations in
field triage. There are three new criteria, one modified criterion,
and three unchanged criteria.

New and Modified Criteria
• New criterion: Suspicion of child abuse
Rationale: Child abuse can be difficult to diagnose and have sub-
tle presentations, yet with potentially devastating consequences.
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Mortality is elevated among abused children, especially with re-
current episodes of abuse.73 Abused children frequently require
specialty care to address their injuries and the complex legal,
logistical, social, and investigative aspects of these incidents.
Trauma centers are required to have protocols in place to provide
comprehensive evaluation of such children, with guidelines and
best practices published by several national trauma organiza-
tions.74–76 Training EMS clinicians to recognize the signs of
child abuse and integration of prehospital information into ED-
based clinical decision support systems77,78 are supported by
multiple national organizations. Based on these considerations,
the panel added suspicion of child abuse.

• New criterion: Special, high-resource health care needs
Rationale: Various comorbid conditionswere in the triage guide-
lines from 1987 to 2006, but were removed in 2011 because of
lack of evidence.5,6 Among five recent studies evaluating the
use of comorbidities for field triage,36 some showed that comor-
bidities were independently associated with death and could re-
duce undertriage among older adults.36 However, the predictive
utility of comorbidities varied across studies (+LR, 0.8–3.1).36

The panel recognized that injured patients with special health
care needs related to comorbidities (e.g., ventilator dependence
or ventricular assist devices) may require the resources and ex-
pertise of trauma centers.

• Modified criterion: Low level falls in young children (age
≤5 years) or older adults (age ≥65 years) with significant
head impact.

Rationale: The panel moved these criteria from the Mechanism
and Special Considerations sections to EMS Judgment. Re-
search has shown that some children incur serious injuries from
low-height falls, including falls from standing,60 and that such
falls are a common cause of traumatic brain injury in young chil-
dren.79 For older adults, ground-level falls can cause serious in-
jury and death,19,80–82 which were the reasons for inclusion in
the 2011 guideline.6 However, ground-level falls are common
among older persons and therefore are relatively nonspecific
for serious injury (+LR, 1.2–1.9).25 Based on concerns that these
criteria could result in overtriage, the panel included these factors
under EMS Judgment and added “with significant head impact.”

• Modified criterion: Anticoagulation use
Rationale: “Coagulopathy” was added to the triage guideline in
19905 and included in the 2011 guideline as “Anticoagulants
and bleeding disorders — patients with head injury are at high
risk for rapid deterioration.”6 Five recent studies evaluating anti-
coagulant use for triage showed relatively low predictive utility
(+LR, 0.73–1.8).36 Some research suggests that such a criterion
could help identify older adults with intracranial hemorrhage,83

but other studies show otherwise.84 In a prospective study of
older adults transported by EMS, the incidence of brain hemor-
rhage was similar between patients taking versus not taking an-
ticoagulants.85 Based on these data, the panel felt that use of an-
ticoagulants (including antiplatelet agents) was best considered
in the context of EMS Judgment.

Retained Criteria (No Changes)
• Retained criterion: Pregnancy >20 weeks
e56 © 2022 The Author(s). Published by Wolters Kluwer Health,
Rationale: The pregnancy criterion was added to the 1999 guide-
line5 and refined to “pregnancy >20 weeks” in 2006.67 While
pregnancy does not necessarily increase the likelihood of serious
injury, simultaneous management of the mother and unborn
child can create complex clinical scenarios requiring trauma
centers with obstetrics capabilities. Therefore, the panel felt that
this factor should be part of EMS Judgment.

• Retained criterion: Burns in conjunction with trauma
Rationale: Consistent with Advanced Trauma Life Support
teaching, when a burn patient has other injuries, the injuries
should be evaluated and potentially prioritized over the burn.
Trauma centers have the capability to quickly evaluate these pa-
tients to expedite care for both clinical conditions.

• Retained criterion: Children should be triaged preferentially
to pediatric capable trauma centers

Rationale: For injured children, research has demonstrated
higher survival in pediatric trauma centers compared with adult
or mixed trauma centers.12 However, many regions do not have
access to pediatric trauma centers.86 While transport to a pediat-
ric trauma center is preferable, the panel felt that transport to pe-
diatric versus adult trauma centers should be determined by local
protocols and proximity. Based on stakeholder and expert feed-
back, the panel chose not to use a specific age to define children,
as there is insufficient evidence for a specific age limit and sys-
tems have established varying age limits based on local re-
sources and practice patterns. Because high ED pediatric readi-
ness has been associated with improved short- and long-term
survival of children in US trauma centers,15,16 all trauma centers
are strongly encouraged to meet such criteria.

TRANSPORT RECOMMENDATIONS

Emergency medical services systems vary by geography,
organization, resources, service levels, staffing, training, ac-
cess to air medical services, travel times, oversight, and gov-
ernance. Trauma centers are hospitals that are prepared to
provide emergent care for seriously injured patients through
resources, personnel, expertise, education, and quality im-
provement programs. There are national standards for adult
and pediatric trauma centers, with trauma center designation
(Levels I to V) typically made at the state level (Table 3). State
trauma systems may be inclusive or exclusive, with inclusive
systems categorizing most hospitals and demonstrating lower
injury-related mortality.87

Recognizing the variability in EMS and trauma systems,
transport recommendations in the guideline allow local flexibility.
There is not a “one size fits all” that will work for all systems.
While the survival benefit of regionalized trauma care is driven
primarily by Level I hospitals,7–9 there are large regions across
the United States that do not have immediate access to such
trauma centers. Although 84% to 88% of US residents have ac-
cess to a Level I or II trauma center within 60 minutes, these pro-
portions are substantially lower when limited to ground travel and
shorter time windows.88,89 Access to pediatric trauma centers is
even lower,86 with widely variable proximity by state.90 Rural re-
gions have the most limited access to Levels I and II trauma cen-
ters,86,88,89 resulting in higher undertriage, more interhospital
Inc. on behalf of the American Association for the Surgery of Trauma.



TABLE 3. Characteristics of Trauma Centers

Level Criteria

I • Regional resource center expected to manage large numbers of seriously injured patients
• Admit ≥1,200 trauma patients or have ≥240 admissions with ISS ≥16 per year
• Attending trauma surgeon participates in major resuscitations in ED, present at operative procedures, and actively involved in critical
care of all seriously injured patients (24-h in-house availability)

• Immediate availability of board-certified emergency physicians, general surgeons, anesthesiologists, neurosurgeons, and orthopedic surgeons
• Maintain a surgically directed critical care service
• Participate in resident training
• Be a leader in education and outreach activities
• Conduct trauma research

II • Regional resource center expected to manage large numbers of seriously injured patients
• Same standards for provision of clinical care without the volume requirements
• No requirement for resident training, education, outreach, trauma research, or surgically directed critical care service

III • Capability to initially manage the majority of injured patients
• Transfer agreements with Level I or II trauma centers for seriously injured patients
• Continuous general surgical coverage

IV • Often serve rural regions and supplement care within a larger trauma system
• Initial evaluation and assessment of injured patients, with expected transfer of many patients to higher-level trauma centers
• Transfer agreements with higher-level trauma centers
• 24-h emergency coverage by a physician or midlevel provider
• Frequently lack continuous surgical coverage

From Resources for the Optimal Care of the Injured Patient, Committee on Trauma, American College of Surgeons, 2014. There is variation in state-to-state definitions and designations of
trauma centers. There are separate processes and criteria for pediatric trauma centers.

ISS, Injury Severity Score.
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transfers, and longer transfer distances compared with urban set-
tings.91 The triage guideline is intended to provide a template that
can be adapted for use in all systems.

When feasible, patients meeting the “high risk” criteria
should be triaged to the highest-level trauma center within the
region, including consideration of air medical services. Injured
patients meeting the physiologic criteria have lower mortality
when cared for in Level I trauma centers.92 Air medical ser-
vices may offer advanced care clinicians, access to additional
interventions, and more rapid transport. Emergency medical
services medical directors and trauma system managers are
encouraged to evaluate the resources relevant to their systems
to guide implementation of the field triage guideline. Because
time is known to be crucial for certain trauma patients,93 field
triage favors short time intervals. However, the current evi-
dence is insufficient to make specific recommendations re-
garding transport times and when air medical services should
be activated.94 Some EMS systems may opt to implement a
closest hospital approach for patients with an unstable airway,
severe shock, traumatic arrest, or other “extremis” conditions
for initial stabilization, before higher level transport for defin-
itive care.
IMPLEMENTATION AND ADHERENCE TO THE
FIELD TRIAGE GUIDELINE

The triage guideline is not useful if not fully implemented
into trauma systems and adopted by EMS clinicians. Following
the 2006 triage guideline, only 17% of states had full adoption of
the new guideline, with 61% using an older version or a different
protocol altogether.95 In a study of sixmetropolitan regions, only
one region had adopted the most recent triage guideline within
2 years and 36% of triage criteria in use had been previously
removed or never included.96 Compliance with the field triage
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
guideline varies widely, with lowest adherence for the physiologic
criteria.97 Strict adherence would reduce undertriage.98 While
there are many hurdles to implementing an updated guideline,
translating the science into practice is arguably the most important
step of realizing effective field triage practices. The 2021 guideline
is organized to facilitate ease of use, increase speed of decision-
making, and promote adherence. We recommend adoption at the
state level (similar to the trauma center designation process),
allowing regional and local EMS and trauma systems to determine
system-specific adaptations for hospital selection.
FUTURE RESEARCH

There is substantial need for future research to inform the
triage guideline. Noninvasive monitor technology and point-of-
care testing hold promise for field triage, particularly for seri-
ously injured patients not meeting the high-risk criteria. System-
atic reviews of circulatory and respiratory criteria identified sev-
eral promising measures (e.g., point-of-care lactate, end-tidal
CO2, and heart rate variability), but more research and technology
are needed to facilitate field use.34,35 Research on new criteria
added to the 2021 guideline will be particularly important, as well
as studies on the real-time use of automated collision notification
systems for field triage.

The 2021 guideline includes changes in format, structure,
and content. Research is needed to evaluate the usability, perfor-
mance, adherence, and application of the new guideline (including
the impact on health outcomes), particularly compared with the
2011 guideline. Research on efficient and effective training
methods, including training frequency, is also needed. Under-
standing how andwhy EMS clinicians make triage decisions, in-
cluding concordance versus discordance with the guideline, will
be important in optimizing triage performance. Based on the
slow and variable uptake of previous triage guidelines,95,96
of the American Association for the Surgery of Trauma. e57
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creating new ways of disseminating, implementing, and moni-
toring adherence will be important to realizing the true potential
of the guideline. Finally, there is a need for more system-based
research to inform transport times, when air medical services
should be activated, and the role of different provider levels.

CONCLUSION

The 2021 field triage guideline is based on the most current
science, a national panel of interdisciplinary experts, direct feed-
back fromEMS clinicians, and input frommany stakeholders. This
guideline presents an opportunity to improve the prehospital care of
injured patients across the United States. Effective field triage is
foundational to trauma systems, concentrating the most seriously
injured patients in trauma centers to improve survival after injury.

AUTHORSHIP

E.M.B., C.D.N., P.E.F.,M.G., andH.N.M. contributed in the study concep-
tion and design. R.C. and J.R.L. contributed in the systematic reviews. R.C.,
J.R.L., E.M.B., and C.D.N. contributed to the literature search (systematic
reviews and other). P.E.F., M.G., H.N.M., and E.M.B. contributed to the
EMS feedback. E.M.B., C.D.N., P.E.F., M.G., and H.N.M. participated as
the steering committee. H.N.M., M.D., M.N., and J.D. participated as ad-
ministrative support. All authors participated as panel members. E.M.B.
was the panel leader. All authors contributed to the interpretation of re-
sults. E.M.B. obtained funding. C.D.N. performed the drafting of manu-
script. All authors contributed in the critical revision.

ACKNOWLEDGMENTS

We thank the Office of Emergency Medical Services at the National High-
way Traffic Safety Administration for their support, guidance, and involve-
ment in this project.
Additional Authors Included in the Writing Group:
Jeffrey M. Goodloe, MD, FACEP, FAEMS, Department of EmergencyMed-
icine,UniversityofOklahomaSchool ofCommunityMedicineTulsa,Oklahoma;
John H. Armstrong, MD, University of South Florida Morsani College of
Medicine, Tampa, Florida; John M Gallagher, MD, FAEMS, FACEP, Board
of Directors, National Association of EMS Physicians, Overland Park, Kan-
sas; Stewart CWang,MDPhD FACS, Department of Surgery, University of
Michigan, Ann Arbor, Michigan; Brian J. Eastridge, MD, FACS, Division of
Trauma and Emergency General Surgery, Department of Surgery, Univer-
sity of Texas Health Science Center at San Antonio, San Antonio, Texas; N.
Clay Mann, PhD, MS, MBA, Department of Pediatrics, University of Utah
School ofMedicine, Salt LakeCity, Utah; Ron R. Lawler, BUS,NRP, Sanford
Ambulance, Fargo, North Dakota; Jeffrey P Salomone, MD, FACS, Banner
Desert Medical Center, Mesa, Arizona; Roger Chou, MD, FACP; Depart-
ments of Medicine and Medical Informatics and Clinical Epidemiology,
Oregon Health & Science University, Portland, Oregon; Nathan A.M.
Christopherson, DNP, MBA, MSN, RN, EMT-P, Department of Surgery,
Donald and Barbara Zucker School of Medicine at Hofstra/Northwell,
Northwell Health, Manhasset, New York; Jorie Klein, MSN, MHA, BSN,
RN, Texas Department of State Health Services, Austin, Texas; Scott M.
Sasser MD, FACEP, Prisma Health Medical Group, Department of Emer-
gencyMedicine, University of SouthCarolina School ofMedicineGreenville,
Greenville, South Carolina; Laura N. Godat, MD FACS, Division of Trauma,
Surgical Critical Care, Burns and Acute Care Surgery, Department of Sur-
gery, UC San Diego Health, San Diego, California; Jeff Gilchrist, MHA,
BA, RN,CEN,CPEN,NREMT-P, CCEMT-P, UnityPointHealth,Marshalltown,
Iowa; Joshua R. Lupton, MD, MPH, MPhil, Center for Policy and Research
in Emergency Medicine, Department of Emergency Medicine, Oregon
Health & Science University, Portland, Oregon; Robert T. Russell, MD, MPH,
Pediatric Surgery, Department of Surgery, Children’s of Alabama, University
of Alabama at Birmingham, Birmingham, Alabama; Dennis Rowe, EMT-P,
Govenment and Industry Relations, Priority OnDemand, Priority Ambulance,
Knoxville, Tennessee; Melanie Neal, MS, Committee on Trauma, American
College of Surgeons, Chicago, Illinois; Mackenzie Dafferner, MPH, Com-
mittee on Trauma, American College of Surgeons, Chicago, Illinois; Jimm
Dodd, MS, MA; Committee on Trauma, American College of Surgeons,
Chicago, Illinois.
e58 © 2022 The Author(s). Published by Wolters Kluwer Health,
Expert Panel
Eileen Bulger, ACS Steering Committee; Craig Newgard, ACS Steering
Committee + expertise based; Mark Gestring, ACS Steering Committee;
Greg Jurkovich, ACS Steering Committee; Joshua Brown, ACS Steering
Committee + expertise based; Peter Fischer, ACS Steering Committee; E.
Brooke Lerner, ACS Steering Committee; Mary Fallat, ACS Steering Com-
mittee + American Academy of Pediatrics; Clay Mann, ACS Steering Com-
mittee + expertise based; Brian Eastridge , ACS Steering Committee; Bellal
Joseph, expertise based; Laura Godat, expertise based; John Armstrong,
past guidelines; Jorie Klein, past guidelines; Scott Sasser, past guidelines;
Stewart C. Wang , past guidelines; Jeff Goodloe, American College of
Emergency Physicians; Lisa Gray, Emergency Medical Services for Children;
Jeffrey Gilchrist, Emergency Nurses Association; Ron Lawler , National Asso-
ciation of EMS Educators; Dennis Rowe, National Association of Emergency
Medical Technicians; Theodore Delbridge, National Association of State
EMSOfficials; Jon Krohmer, National Highway Traffic Safety Administration;
Robert Russell, Pediatric Trauma Society; Nathan Christopherson, Society of
Trauma Nurses; Jeffrey Salomone, National Registry of EMTs; and John M.
Gallagher, National Association of EMS Physicians.
List of Organizations and Federal Agencies Endorsing the Field
Triage Guidelines
American College of Emergency Physicians, Emergency Medical Services
for Children, Emergency Nurses Association, National Association of
EMS Educators, National Association of Emergency Medical Technicians,
National Association of State EMSOfficials, Pediatric Trauma Society, Soci-
ety of Trauma Nurses, National Registry of EMTs, National Association of
EMS Physicians, American Academy of Pediatrics, and American College
of Surgeons Committee on Trauma.

DISCLOSURE

The authors declare no conflicts of interest.
The American College of Surgeons was funded to perform an evidence-
based revision of the Field Triage Guidelines as part of Cooperative Agree-
ment number 693JJ91950007 between the American College of Surgeons
and the National Highway Traffic Safety Administration, Office of Emer-
gencyMedical Services funded in part by the Health Resources and Services
Administration,Maternal andChild Health Bureau, and EmergencyMedical
Services for Children Program. The contents are those of the authors and do
not necessarily represent the official views of, nor an endorsement, by the
USGovernment. Formore information, please visit EMS.gov andHRSA.gov.

REFERENCES
1. 10 Leading Causes of Death, United States 2019, Both Sexes, All Ages,

All Races. Atlanta, GA: Centers for Disease Control and Prevention;
2021: Available at: https://wisqars-viz.cdc.gov:8006/lcd/home. Accessed
February 18, 2022.

2. Borse NN, Rudd RA, Dellinger AM, Sleet DA. Years of potential life
lost from unintentional child and adolescent injuries—United States,
2000–2009. J Safety Res. 2013;45:127–131.

3. Wang HE,Mann NC, Jacobson KE,MsMD,Mears G, Smyrski K, et al. Na-
tional characteristics of emergency medical services responses in the United
States. Prehosp Emerg Care. 2013;17(1):8–14.

4. Resources for Optimal Care of the Injured Patient. 6th. ed. American Col-
lege of Surgeons; 2014.

5. Mackersie RC. History of trauma field triage development and the American
College of Surgeons criteria. Prehosp Emerg Care. 2006;10(3):287–294.

6. Sasser SM, Hunt RC, Faul M, Sugerman D, PearsonWS, Dulski T, et al. Guide-
lines for field triage of injured patients: recommendations of the National Expert
Panel on Field Triage, 2011.MMWR Recom. Rep. 2012;61(RR-1):1–20.

7. MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL,
et al. A national evaluation of the effect of trauma-center care on mortality.N
Engl J Med. 2006;354(4):366–378.

8. Sampalis JS, Denis R, Lavoie A, Frechette P, Boukas S, Nikolis A, et al.
Trauma care regionalization: a process-outcome evaluation. J Trauma.
1999;46(4):565–579 discussion 79–81.

9. Mullins RJ, Veum-Stone J, Helfand M, Zimmer-Gembeck M, Hedges JR,
Southard PA, et al. Outcome of hospitalized injured patients after institution
of a trauma system in an urban area. JAMA. 1994;271(24):1919–1924.

10. Nathens AB, Jurkovich GJ, Cummings P, Rivara FP, Maier RV. The effect of
organized systems of trauma care on motor vehicle crash mortality. JAMA.
2000;283(15):1990–1994.
Inc. on behalf of the American Association for the Surgery of Trauma.

http://EMS.gov
http://HRSA.gov
https://wisqars-viz.cdc.gov:8006/lcd/home


J Trauma Acute Care Surg
Volume 93, Number 2 Newgard et al.
11. Nathens AB, Jurkovich GJ, Rivara FP, Maier RV. Effectiveness of state
trauma systems in reducing injury-related mortality: a national evaluation.
J Trauma. 2000;48(1):25–30 discussion-1.

12. Sathya C, Alali AS, Wales PW, Scales DC, Karanicolas PJ, Burd RS, et al.
Mortality among injured children treated at different trauma center types.
JAMA Surg. 2015;150(9):874–881.

13. Pracht EE, Tepas JJ 3rd, Langland-Orban B, Simpson L, Pieper P, Flint LM.
Do pediatric patients with trauma in Florida have reduced mortality rates when
treated in designated trauma centers? J Pediatr Surg. 2008;43(1):212–221.

14. Wang NE, Saynina O, Vogel LD, Newgard CD, Bhattacharya J, Phibbs CS.
The effect of trauma center care on pediatric injury mortality in California,
1999 to 2011. J Trauma Acute Care. 2013;75(4):704–716.

15. Newgard CD, Lin A, Goldhaber-Fiebert JD, Marin JR, Smith M, Cook JNB,
et al. Association of emergency department pediatric readiness with mortal-
ity to 1 year among injured children treated at trauma centers. JAMA Surg.
2022;e217419.

16. Newgard CD, Lin A, Olson LM, Cook JNB, Gausche-Hill M, KuppermannN,
et al. Evaluation of emergency department pediatric readiness and outcomes
among US trauma centers. JAMA Pediatr. 2021.

17. Pracht EE, Langland-Orban B, Flint L. Survival advantage for elderly trauma
patients treated in a designated trauma center. J Trauma. 2011;71(1):69–77.

18. Garwe T, Stewart K, Newgard CD, Stoner J, Sacra JC, Cody P, et al. Survival
benefit of treatment at or transfer to a tertiary trauma center among injured
older adults. Prehosp Emerg Care. 2019;1-18.

19. Staudenmayer KL, Hsia RY, Mann NC, Spain DA, Newgard CD. Triage of
elderly trauma patients: a population-based perspective. J Am Coll Surg.
2013;217(4):569–576.

20. Haas B, Gomez D, Zagorski B, Stukel TA, Rubenfeld GD, Nathens AB. Sur-
vival of the fittest: the hidden cost of undertriage of major trauma. J Am Coll
Surg. 2010;211(6):804–811.

21. Yoder A, Bradburn EH, MorganME, Vernon TM, Bresz KE, Gross BW, et al.
An analysis of overtriage and undertriage by advanced life support transport in
a mature trauma system. J Trauma Acute Care. 2020;88(5):704–709.

22. Haas B, Stukel TA, Gomez D, Zagorski B, De Mestral C, Sharma SV, et al.
The mortality benefit of direct trauma center transport in a regional trauma
system: a population-based analysis. J Trauma Acute Care. 2012;72(6):
1510–1515 discussion 5-7.

23. Hewes HA, Christensen M, Taillac PP, Mann NC, Jacobsen KK, Fenton SJ.
Consequences of pediatric undertriage and overtriage in a statewide trauma
system. J Trauma Acute Care. 2017;83(4):662–667.

24. Newgard CD, Hsia RY,MannNC, Schmidt T, Sahni R, Bulger EM, et al. The
trade-offs in field trauma triage: a multiregion assessment of accuracy met-
rics and volume shifts associated with different triage strategies. J Trauma
Acute Care. 2013;74(5):1298–1306 discussion 306.

25. Lupton JR, Davis-O'Reilly C, Jungbauer RM, Newgard CD, Fallat ME,
Brown JB, et al. Under-triage and over-triage using the field triage guidelines
for injured patients: a systematic review. Prehosp Emerg Care. 2022; [epub
before print].

26. van der Sluijs R, van Rein EAJ,Wijnand JGJ, Leenen LPH, van Heijl M. Ac-
curacy of pediatric trauma field triage: a systematic review. JAMA Surg.
2018;153(7):671–676.

27. Lerner EB, Cushman JT, Drendel AL, BadawyM, ShahMN, Guse CE, et al.
Effect of the 2011 revisions to the field triage guidelines on under- and over-
triage rates for pediatric trauma patients. Prehosp Emerg Care. 2017;21(4):
456–460.

28. Newgard CD, Zive D, Holmes JF, Bulger EM, Staudenmayer K, Liao M,
et al. A multisite assessment of the American College of Surgeons Commit-
tee on Trauma field triage decision scheme for identifying seriously injured
children and adults. J Am Coll Surg. 2011;213(6):709–721.

29. Newgard CD, Fu R, Zive D, Rea T, Malveau S, Daya M, et al. Prospective
validation of the national field triage guidelines for identifying seriously in-
jured persons. J Am Coll Surg. 2016;222(2):146–158.

30. Garwe T, Stewart K, Stoner J, Newgard CD, Scott M, Zhang Y, et al. Out-of-
hospital and inter-hospital under-triage to designated tertiary trauma centers
among injured older adults: a 10-year statewide geospatial-adjusted analysis.
Prehosp Emerg Care. 2017;21(6):734–743.

31. Uribe-Leitz T, Jarman MP, Sturgeon DJ, Harlow AF, Lipsitz SR, Cooper Z,
et al. National study of triage and access to trauma centers for older adults.
Ann Emerg Med. 2020;75(2):125–135.

32. Chen Y, Yang K, Marusic A, Qaseem A, Meerpohl JJ, Flottorp S, et al. A
reporting tool for practice guidelines in health care: the RIGHT statement.
Ann Intern Med. 2017;166(2):128–132.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
33. Chou R, Totten AM, Carney N, Dandy S, Fu R, Grusing S, et al. Predictive
utility of the total Glasgow Coma Scale versus the motor component of the
Glasgow Coma Scale for identification of patients with serious traumatic in-
juries. Ann Emerg Med. 2017;70(2):143–57 e6.

34. Newgard CD, Cheney TP, Chou R, Fu R, Daya MR, O'Neil ME, et al. Out-
of-hospital circulatory measures to identify patients with serious injury: a
systematic review. Acad Emerg Med. 2020;27(12):1323–1339.

35. Daya MR, Cheney TP, Chou R, Fu R, Newgard CD, O'Neil ME, et al. Out-
of-hospital respiratory measures to identify patients with serious injury: a
systematic review. Acad Emerg Med. 2020;27(12):1312–1322.

36. Lupton JR, Davis-O'Reilly C, Jungbauer RM, Newgard CD, Fallat ME,
Brown JB, et al. Mechanism of injury and special considerations as
predictive of serious injury: a systematic review. Acad Emerg Med.
2022; (In Press).

37. Fischer PEGM, Sagraves SG, Michaels HN, Patel B, Dodd J, Campion EM,
Vander Kolk WE, Bulger EM. The national trauma triage protocol: how
EMS perspective can inform the guideline revision. Trauma Surg Acute Care
Open. 2022;7(1).

38. Jones CM, Cushman JT, Lerner EB, Fisher SG, Seplaki CL, Veazie PJ, et al.
Prehospital trauma triage decision-making: a model of what happens be-
tween the 9-1-1 call and the hospital. Prehosp Emerg Care. 2016;20(1):
6–14.

39. Newgard CD, Nelson MJ, Kampp M, Saha S, Zive D, Schmidt T, et al. Out-
of-hospital decision making and factors influencing the regional distribution
of injured patients in a trauma system. J Trauma. 2011;70(6):1345–1353.

40. Lerner EB, Roberts J, Guse CE, Shah MN, Swor R, Cushman JT, et al. Does
EMS perceived anatomic injury predict trauma center need? Prehosp Emerg
Care. 2013;17(3):312–316.

41. Kragh JF Jr., LittrelML, Jones JA,Walters TJ, Baer DG,WadeCE, et al. Bat-
tle casualty survival with emergency tourniquet use to stop limb bleeding. J
Emerg Med. 2011;41(6):590–597.

42. Kragh JF Jr., Walters TJ, Baer DG, Fox CJ, Wade CE, Salinas J, et al. Sur-
vival with emergency tourniquet use to stop bleeding in major limb trauma.
Ann Surg. 2009;249(1):1–7.

43. Beekley AC, Sebesta JA, Blackbourne LH, Herbert GS, Kauvar DS,
Baer DG, et al. Prehospital tourniquet use in Operation Iraqi Freedom: effect
on hemorrhage control and outcomes. J Trauma. 2008;64(2 Suppl):S28–S37
discussion S.

44. Scerbo MH, Holcomb JB, Taub E, Gates K, Love JD, Wade CE, et al. The
trauma center is too late: major limb traumawithout a pre-hospital tourniquet
has increased death from hemorrhagic shock. J Trauma Acute Care. 2017;
83(6):1165–1172.

45. Inaba K, Siboni S, Resnick S, Zhu J, Wong MD, Haltmeier T, et al. Tourni-
quet use for civilian extremity trauma. J Trauma Acute Care. 2015;79(2):
232–237 quiz 332–3.

46. Ode G, Studnek J, Seymour R, Bosse MJ, Hsu JR. Emergency tourniquets
for civilians: can military lessons in extremity hemorrhage be translated? J
Trauma Acute Care. 2015;79(4):586–591.

47. Schroll R, Smith A, McSwain NE Jr., Myers J, Rocchi K, Inaba K, et al. A
multi-institutional analysis of prehospital tourniquet use. J Trauma Acute
Care. 2015;79(1):10–14 discussion 4.

48. Acker SN, Ross JT, Partrick DA, Nadlonek NA, Bronsert M, Bensard DD.
Glasgow motor scale alone is equivalent to Glasgow Coma Scale at identify-
ing children at risk for serious traumatic brain injury. J Trauma Acute Care.
2014;77(2):304–309.

49. Cicero MX, Cross KP. Predictive value of initial Glasgow Coma Scale score
in pediatric trauma patients. Pediatr Emerg Care. 2013;29(1):43–48.

50. Acker SN, Ross JT, Partrick DA, Tong S, Bensard DD. Pediatric specific
shock index accurately identifies severely injured children. J Pediatr Surg.
2015;50(2):331–334.

51. Strutt J, Flood A, Kharbanda AB. Shock index as a predictor of morbidity
and mortality in pediatric trauma patients. Pediatr Emerg Care. 2019;
35(2):132–137.

52. ATLS Advanced Trauma Life Support 10th edition Student Course Manual.
10th ed. Chicago, Illinois: American College of Surgeons; 2018.

53. Dieckmann RA, Brownstein D, Gausche-Hill M. The pediatric assessment
triangle: a novel approach for the rapid evaluation of children. Pediatr Emerg
Care. 2010;26(4):312–315.

54. Gausche-Hill M, Eckstein M, Horeczko T, McGrath N, Kurobe A, Ullum L,
et al. Paramedics accurately apply the pediatric assessment triangle to drive
management. Prehosp Emerg Care. 2014;18(4):520–530.
of the American Association for the Surgery of Trauma. e59



Newgard et al.
J Trauma Acute Care Surg

Volume 93, Number 2
55. Fuchs S, Terry M, Adelgais K, Bokholdt M, Brice J, Brown KM, et al. Def-
initions and assessment approaches for emergency medical services for chil-
dren. Pediatrics. 2016;138(6).

56. Newgard CD, Rudser K, Hedges JR, Kerby JD, Stiell IG, Davis DP, et al. A
critical assessment of the out-of-hospital trauma triage guidelines for physi-
ologic abnormality. J Trauma. 2010;68(2):452–462.

57. Newgard CD, Rudser K, Atkins DL, Berg R, OsmondMH, Bulger EM, et al.
The availability and use of out-of-hospital physiologic information to iden-
tify high-risk injured children in a multisite, population-based cohort.
Prehosp Emerg Care. 2009;13(4):420–431.

58. Newgard CD, Cudnik M, Warden CR, Hedges JR. The predictive value and
appropriate ranges of prehospital physiological parameters for high-risk in-
jured children. Pediatr Emerg Care. 2007;23(7):450–456.

59. Gaither JB, Spaite DW, Bobrow BJ, Keim SM, Barnhart BJ, Chikani V, et al.
Effect of implementing the out-of-hospital traumatic brain injury treatment
guidelines: the Excellence in Prehospital Injury Care for Children Study
(EPIC4Kids). Ann Emerg Med. 2021;77(2):139–153.

60. Lerner EB, Badawy M, Cushman JT, Drendel AL, Fumo N, Jones CMC,
et al. Does mechanism of injury predict trauma center need for children?
Prehosp Emerg Care. 2021;25(1):95–102.

61. Lerner EB, Shah MN, Cushman JT, Swor RA, Guse CE, Brasel K, et al.
Doesmechanism of injury predict trauma center need? Prehosp Emerg Care.
2011;15(4):518–525.

62. Starnes M. Child passenger fatalities and injuries, based on restraint use, ve-
hicle type, seat position, and number of vehicles in the crash, Department of
Transportation #HS 809 784Technical Report.Washington, DC:National Cen-
ter for Statistics and Analysis; 2005. Available at: https://crashstats.nhtsa.dot.
gov/Api/Public/ViewPublication/809784. Accessed May 16, 2022.

63. Chan L, Reilly KM, Telfer J. Odds of critical injuries in unrestrained pediatric
victims of motor vehicle collision. Pediatr Emerg Care. 2006;22(9):
626–629.

64. Valent F, McGwin G Jr., Hardin W, Johnston C, Rue LW 3rd. Restraint use
and injury patterns among children involved in motor vehicle collisions. J
Trauma. 2002;52(4):745–751.

65. Benedetti M, Klinich KD,Manary MA, Flannagan CAC. Factors affecting child
injury risk in motor-vehicle crashes. Stapp Car Crash J. 2019;63:195–211.

66. Newgard CD, Lewis RJ, Jolly BT. Use of out-of-hospital variables to predict
severity of injury in pediatric patients involved in motor vehicle crashes. Ann
Emerg Med. 2002;39(5):481–491.

67. Sasser SM, Hunt RC, Sullivent EE, Wald MM, Mitchko J, Jurkovich GJ,
et al. Guidelines for field triage of injured patients. Recommendations of
the National Expert Panel on Field Triage. In: MMWR Recom. Rep. vol. 58
(RR-1). 2009:1–35.

68. Isenberg D, Cone DC, Vaca FE. Motor vehicle intrusion alone does not
predict trauma center admission or use of trauma center resources. Prehosp
Emerg Care. 2011;15(2):203–207.

69. Macgregor DM. Injuries associated with falls from beds. Inj Prev. 2000;6(4):
291–292.

70. Mulholland SA, Cameron PA, Gabbe BJ, Williamson OD, Young K,
Smith KL, et al. Prehospital prediction of the severity of blunt anatomic in-
jury. J Trauma. 2008;64(3):754–760.

71. Mulholland SA, Gabbe BJ, Cameron P, Victorian State Trauma Outcomes
Registry and Monitoring Group. Is paramedic judgement useful in prehospi-
tal trauma triage? Injury. 2005;36(11):1298–1305.

72. Newgard CD, Kampp M, Nelson M, Holmes JF, Zive D, Rea T, et al.
Deciphering the use and predictive value of “emergency medical services
provider judgment” in out-of-hospital trauma triage: a multisite, mixed
methods assessment. J Trauma Acute Care. 2012;72(5):1239–1248.

73. Deans KJ, Thackeray J, Askegard-Giesmann JR, Earley E, Groner JI,
Minneci PC. Mortality increases with recurrent episodes of nonaccidental
trauma in children. J Trauma Acute Care. 2013;75(1):161–165.

74. Rosen NG, Escobar MA Jr., Brown CV, Moore EE, Sava JA, Peck K, et al.
Child physical abuse trauma evaluation and management: a Western Trauma
Association and Pediatric Trauma Society critical decisions algorithm. J
Trauma Acute Care. 2021;90(4):641–651.

75. Escobar MA Jr., Flynn-O'Brien KT, Auerbach M, Tiyyagura G,
Borgman MA, Duffy SJ, et al. The association of nonaccidental trauma with
historical factors, examination findings, and diagnostic testing during the ini-
tial trauma evaluation. J Trauma Acute Care. 2017;82(6):1147–1157.

76. ACS Trauma Quality Programs Best Practices Guidelines for Trauma
Center Recognition of Child Abuse, Elder Abuse, and Intimate Partner
e60 © 2022 The Author(s). Published by Wolters Kluwer Health,
Violence; 2019,AmericanCollege of SurgeonsCommittee onTrauma, Chicago,
Illinois. Available at: https://www.facs.org/media/o0wdimys/abuse_
guidelines.pdf. Accessed May 16, 2022.

77. Berger RP, Saladino RA, Fromkin J, Heineman E, Suresh S, McGinn T. De-
velopment of an electronic medical record-based child physical abuse alert
system. J Am Med Inform Assoc. 2018;25(2):142–149.

78. Rosenthal B, Skrbin J, Fromkin J, Heineman E, McGinn T, Richichi R, et al.
Integration of physical abuse clinical decision support at 2 general emer-
gency departments. J Am Med Inform Assoc. 2019;26(10):1020–1029.

79. Haarbauer-Krupa J, Haileyesus T, Gilchrist J, Mack KA, Law CS, Joseph A.
Fall-related traumatic brain injury in children ages 0–4 years. J Safety Res.
2019;70:127–133.

80. Chisholm KM, Harruff RC. Elderly deaths due to ground-level falls. Am J
Forensic Med Pathol. 2010;31(4):350–354.

81. Spaniolas K, Cheng JD, Gestring ML, Sangosanya A, Stassen NA,
Bankey PE. Ground level falls are associated with significant mortality in el-
derly patients. J Trauma. 2010;69(4):821–825.

82. Newgard CD, Lin A, Yanez ND, Bulger E, Malveau S, Caughey A, et al.
Long-term outcomes among injured older adults transported by emergency
medical services. Injury. 2019;50(6):1175–1185.

83. Nishijima DK, Gaona SD, Waechter T, Maloney R, Bair T, Blitz A, et al.
Out-of-hospital triage of older adults with head injury: a retrospective study
of the effect of adding “anticoagulation or antiplatelet medication use” as a
criterion. Ann Emerg Med. 2017.

84. Newgard CD, Lin A, Eckstrom E, Caughey A, Malveau S, Griffiths D, et al.
Comorbidities, anticoagulants, and geriatric-specific physiology for the field
triage of injured older adults. J Trauma Acute Care. 2019;86(5):829–837.

85. Nishijima DK, Gaona SD, Waechter T, Maloney R, Blitz A, Elms AR, et al.
The incidence of traumatic intracranial hemorrhage in head-injured older
adults transported by EMS with and without anticoagulant or antiplatelet
use. J Neurotrauma. 2018;35(5):750–759.

86. Nance ML, Carr BG, Branas CC. Access to pediatric trauma care in the
United States. Arch Pediatr Adolesc Med. 2009;163(6):512–518.

87. Utter GH,Maier RV, Rivara FP, Mock CN, Jurkovich GJ, Nathens AB. Inclu-
sive trauma systems: do they improve triage or outcomes of the severely in-
jured? J Trauma. 2006;60(3):529–535 discussion 35–37.

88. Branas CC, MacKenzie EJ, Williams JC, Schwab CW, Teter HM,
Flanigan MC, et al. Access to trauma centers in the United States. JAMA.
2005;293(21):2626–2633.

89. Carr BG, Bowman AJ, Wolff CS, Mullen MT, Holena DN, Branas CC, et al.
Disparities in access to trauma care in the United States: a population-based
analysis. Injury. 2017;48(2):332–338.

90. Pediatric Trauma Centers — Availability, Outcomes, and Federal Support
Related to Pediatric Trauma Care. Washington, DC: U.S. Government Ac-
countability Office; 2017: Contract No.: GAO-17-334. Available at: https://
www.gao.gov/products/gao-17-334. Accessed May 16, 2022.

91. Newgard CD, FuR, Bulger E, Hedges JR,MannNC,Wright DA, et al. Eval-
uation of rural vs urban trauma patients served by 9-1-1 emergency medical
services. JAMA Surg. 2017;152(1):11–18.

92. Hannan EL, Farrell LS, CooperA, HenryM, SimonB, SimonR. Physiologic
trauma triage criteria in adult trauma patients: are they effective in saving
lives by transporting patients to trauma centers? J Am Coll Surg. 2005;
200(4):584–592.

93. Newgard CD, Meier EN, Bulger EM, Buick J, Sheehan K, Lin S, et al.
Revisiting the “golden hour”: an evaluation of out-of-hospital time in shock
and traumatic brain injury. Ann Emerg Med. 2015;66(1):30–41 e1–3.

94. Newgard CD, Braverman MA, Phuong J, Shipper ES, Price MA, Bixby PJ,
et al. Developing a National Trauma Research Action Plan: Results from
the prehospital and mass casualty research Delphi survey. J Trauma Acute
Care. 2022;92(2):398–406.

95. Sasser SM, Ossmann E, Wald MM, Lerner EB, Hunt RC. Adoption of the
2006 field triage decision scheme for injured patients. West J Emerg Med.
2011;12(3):275–283.

96. Barnett AS,Wang NE, Sahni R, Hsia RY, Haukoos JS, Barton ED, et al. Var-
iation in prehospital use and uptake of the national Field Triage Decision
Scheme. Prehosp Emerg Care. 2013;17(2):135–148.

97. van Rein EAJ, van der Sluijs R, Raaijmaakers AMR, Leenen LPH,
van Heijl M. Compliance to prehospital trauma triage protocols worldwide:
a systematic review. Injury. 2018;49(8):1373–1380.

98. Newgard CD, Fu R, Lerner EB, DayaM, Jui J, Wittwer L, et al. Role of guide-
line adherence in improving field triage. Prehosp Emerg Care. 2017;1–11.
Inc. on behalf of the American Association for the Surgery of Trauma.

https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/809784
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/809784
https://www.facs.org/media/o0wdimys/abuse_guidelines.pdf
https://www.facs.org/media/o0wdimys/abuse_guidelines.pdf
https://www.gao.gov/products/gao-17-334
https://www.gao.gov/products/gao-17-334

