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Abstract

Introduction: The Sort, Access, Life-saving interventions, Treatment and/or Triage
(SALT) mass-casualty incident (MCI) algorithm is unique in that it includes two subjective
questions during the triage process: “Is the victim likely to survive given the resources?” and
“Is the injury minor?”

Hypothesis/Problem: Given this subjectivity, it was hypothesized that as casualties
increase, the inter-rater reliability (IRR) of the tool would decline, due to an increase in
the number of patients triaged as Minor and Expectant.

Methods: A pre-collected dataset of pediatric trauma patients age <14 years from a single
Level 1 trauma center was used to generate “patients.” Three trained raters triaged each
patient using SALT as if they were in each of the following scenarios: 10, 100, and
1,000 victim MClIs. Cohen’s kappa test was used to evaluate IRR between the raters in each
of the scenarios.

Results: A total of 247 patients were available for triage. The kappas were consistently
“poor” to “fair:” 0.37 to 0.59 in the 10-victim scenario; 0.13 to 0.36 in the 100-victim
scenario; and 0.05 to 0.36 in the 1,000-victim scenario. There was an increasing percentage
of subjects triaged Minor as the number of estimated victims increased: 27.8% increase from
10- to 100-victim scenario and 7.0% increase from 100- to 1,000-victim scenario. Expectant
triage categorization of patients remained stable as victim numbers increased.
Conclusion: Overall, SALT demonstrated poor IRR in this study of increasing casualty
counts while triaging pediatric patients. Increased casualty counts in the scenarios did lead
to increased Minor but not Expectant categorizations.

McGlynn N, Claudius I, Kaji AH, Fisher EH, Shaban A, Cicero MX, Santillanes G,
Gausche-Hill M, Chang TP, Donofrio-Odmann JJ. Tabletop application of SALT
triage to 10, 100, and 1000 pediatric victims. Prebosp Disaster Med. 2020;35(2):165-169.

Introduction

Mass-casualty incidents (MCls) present an imbalance of patient needs and available resour-
ces; there are limited first responders, transportation vehicles, and medical equipment to
treat an overwhelming number of injured. Triage algorithms work to optimize the allocation
of resources and prioritize delivery of care to the patients who would most benefit. An
important characteristic of a triage algorithm is consistency of categorizations between users.
In short, excellent inter-rater reliability (IRR) should be maintained across a variety of
scenarios, including fluctuations in victim number.

In 2008, a Centers for Disease Control and Prevention (CDC; Atlanta, Georgia USA)-
sponsored panel proposed a new national standard for mass-casualty triage called Sort-
Assess-Life-saving intervention-Treatment/Transport (SALT) triage.! This MCI model
fits the Model Uniform Core Criteria.? The first step of SALT triage involves a global
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Note: Green = Minimal Injuries; Yellow = Delayed; Red = Immediate; and Black = Expectant.

assessment of victims using voice commands to determine prioriti-
zation of individual assessment. After the order of individual
assessment is determined, a basic life-saving intervention such as
controlling major hemorrhage, opening the airway, providing a chest
decompression, or administering an auto-injector antidote can be
performed, if needed. Then, the first responder assesses patients uti-
lizing the series of questions shown in Figure 1 to determine triage
categorization. A unique aspect of the model is that there are two
subjective questions. The first - “Minor injuries only?’- is used to
differentiate a “Minimal” from a “Delayed” categorization; the
second question - “Likely to survive given current resources?” is used
to differentiate an “Immediate” to “Expectant” categorization. For
the purposes of this paper, these categories will be referred to by
their colors, with “Minimal” termed “Green,” “Delayed” termed
“Yellow,” “Immediate” termed “Red,” and “Expectant” and
“Dead” termed “Black” (Figure 1).

Although there have been some accuracy data published on
SALT and evaluation of whether paramedics can accurately apply
SALT, there have been no published studies focused on the IRR

of SALT across scenarios of varying sizes.>* In particular, triage of
pediatric patients using SALT presents a unique, and insufficiently
studied, challenge. The hypothesis of this study was that, because
of the subjectivity of the model, the IRR would decrease as the
number of victims increased, particularly driven by patients triaged
as Minor and Expectant. This study aimed to clarify trends with
changing victim number, as well as to determine the IRR of
SALT across different victim-number pediatric scenarios.

Methods

This is a prospective application of different triage tools, stratified
by different categories of numbers of victims. An exemption of
informed consent or full committee review was granted by the US
San Diego Institutional Review Board (San Diego, California
USA; protocol reference number 170467).

Selection of Patients for Dataset Creation
A previously prepared and de-identified collection of trauma
activation patients under 14 years of age transported by ambulance
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from July 2010 through November 2013 to a single Level 1 pediatric
trauma center in Los Angeles (California USA) was used for this
study. The dataset as a whole includes prehospital field information,
emergency department (ED) data, procedures, diagnoses, and out-
comes; however, the raters were blinded to outcomes information.
Only the following patient-level information was provided to the
raters for the purposes of performing patient triage: gender, age,
weight, prehospital exam notes, prehospital treatment notes, ability
to walk, level of consciousness, field Glasgow Coma Scale score,
pulse quality, field pulse rate, respiratory distress, field respiratory
rate, and perfusion quality as defined by capillary refill time or nota-
tion of cool, mottled extremities. Trauma severity information
including injury mechanism, Injury Severity Score (ISS), length of
stay (LOS), procedures, diagnostics, and dispositions were collected
but not shared with the study personnel performing triage. The
SALT triage criteria were applied to this retrospective data set, using
these trauma patients to represent MCI patients. The list of the
information available on “patients” which was furnished to the raters
is included in Appendix 1 (available online only).

Participants/Study Design and Measurements

Training—Three independent raters were then trained on the
SALT algorithm by a pediatric emergency medicine and
Emergency Medical Services fellowship-trained attending physi-
cian utilizing a one-on-one introduction to the algorithm followed
by a question-and-answer session via internet teleconferencing.
They were aware that the research centered on the use of different
triage algorithms for pediatric MCI patients. Possible categoriza-
tions included “Green” for patients needing minimal care, “Yellow”
for patients needing delayed care, “Red” for patients needing
immediate care, and “Black” for patients deemed dead or expectant.
Although SALT labels Expectant categorizations “Gray” and
provides a separate categorization for “Dead,” given an anticipated
small number of Expectant and Dead categorizations, both of these
were combined into a “Black” designation.

Preparation—LEach rater was asked to triage the same 25 sample
patients from the set of 253 utilizing the SALT algorithm.
Upon review of these sample triage categorizations, each indepen-
dent rater was required to demonstrate a 90% agreement with the
attending physician. This took one pass for each rater.

Triage Designation—FEach rater was then provided an Excel
document (Microsoft Corp.; Redmond, Washington USA) with
the information detailed above (Appendix 1; available online only)
on the 253 patients and independently triaged each patient chart
using SALT in the three scenarios described. They were given
the normal resources of an ED receiving patients from an MCL
Initially, they triaged each patient without considering the size of
the MCL The raters were then asked to triage each patient as if
that patient had been involved in a 10-victim, 100-victim, and
1,000-victim disaster. No specific scenario was suggested, other than
the number of victims. There was no specific time limit for each
triage designation and raters had access to the algorithms, as needed.
Patients were presented in the same order for each rater and each
victim number scenario.

Outcomes

The primary outcome was the IRR for application of the SALT
triage algorithm assuming an MCI victim number of 10, 100, or
1,000 patients. The secondary outcome was the change in number
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Age in Years [mean (range)] | 9 (25 days to 13 years)
Gender (% male) 66.4%
Injury Mechanism Pedestrian or Bicyclist Struck: 37%
Fall: 25%

Passenger of Vehicle in Collision: 19%
Stab or Gunshot Wound: 4%
Burn: 1.2%

Assault: 1.2%

Other: 13%

3.5 (1-75)

15 (1-44)

Home: 113 (46%)

Intensive Care Unit: 45 (18%)
Ward: 35 (14%)

Operating Room: 21 (8.5%)
Step-Down Unit: 17 (6.9%)
Died: 10 (4.0%)

Other: 6 (2.4%)
McGlynn © 2020 Prehospital and Disaster Medicine

Table 1. Demo§r hic Table
Abbreviations: ISS, Injury Severity Score; LOS, length of stay.

14 patients did not have ISS documented.

ISS [median (range)]?
LOS in Days [median (range)]

Disposition [n (%)]

10-Victim 100-Victim 1,000-Victim
Green 243 (32.8%) 449 (60.6%) 501 (67.6%)
Yellow 404 (54.5%) 210 (28.3%) 172 (23.2%)
Red 68 (9.2%) 52 (7.0%) 37 (5.0%)
Black 26 (3.5%) 30 (4.0%) 31 (4.2%)

McGlynn © 2020 Prehospital and Disaster Medicine
Table 2. Total Categorizations of All Raters Across Three

Victim-Size Scenarios

of patients placed in each of the triage designation categories as the
victim number changed.

Analysis

Descriptive statistics were used to evaluate the change in total
categorizations by triage level (Green, Yellow, Red, or Black) across
the different victim-number scenarios. Cohen’s kappa was then
used to evaluate the IRR between two raters in each victim-number
scenario; because three raters were used for this study, a total of
three duo-rater comparisons were performed for each victim num-
ber scenario. A weighted 95% confidence interval was used to assess
the reliability in each of the different victim-number scenarios. The
following scale of Cohen’s kappa was used to evaluate the reliabil-
ity: 0 to 0.20 as “poor;” 0.21-0.40 as “fair;” 0.41-0.60 as “moderate;”
0.61-0.80 as “substantial;” and 0.81-1.00 as “near perfect.”

Results

Characteristics of Study Subjects

The raters were provided 253 patients with four triage scenarios
each. Six victims were removed in analysis due to incomplete triage
across all scenarios by one or more raters. This led to a total of 988
triage designations. Table 1 provides demographic information of
the patients in the retrospective dataset.

Main Results
Table 2 presents the total categorizations by category for all
three raters combined. As victim count increased, so did Green
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Triage Change 10v 100 10 v 1,000 100 v 1,000
N, % total N, % total N, % total
Green to Yellow 0 0 0
Green to Red 0 0 0
Green to Black 0 0 0
Yellow to Green | 206 (27.8%) 258 (34.8%) 52 (7.0%)
Yellow to Red 0 0 0
Yellow to Black 0 0 0
Red to Green 0 0 0
Red to Yellow 12 (1.6%) 26 (3.5%) 14 (1.9%)
Red to Black 4 (0.5%) 5 (0.7%) 1(0.1%)
Black to Green 0 0 0
Black to Yellow 0 0 0
Black to Red 0 0 0

McGlynn © 2020 Prehospital and Disaster Medicine

Table 3. Triage Changes Made

Rater 1 10-Victim 100-Victim 1,000-Victim
Green 54 (21.9%) 207 (83.8%) 215 (87.0%)
Yellow 161 (65.2%) 18 (7.3%) 23 (9.3%)
Red 24 (9.7%) 14 (5.7%) 1 (0.4%)
Black 8 (3.2%) 8 (3.2%) 8 (3.2%)

Rater 2 10-Victim 100-Victim 1,000-Victim
Green 65 (26.3%) 81 (32.8%) 103 (41.7%)
Yellow 153 (61.9%) 137 (55.5%) 115 (46.6%)
Red 21 (8.5%) 20 (8.1%) 19 (7.7%)
Black 8 (3.2%) 9 (3.6%) 10 (4.1%)

Rater 3 10-Victim 100-Victim 1,000-Victim
Green 124 (50.2%) 161 (65.2%) 183 (74.1%)
Yellow 90 (36.4%) 55 (22.3%) 34 (13.8%)
Red 23 (9.3%) 18 (7.3%) 17 (6.9%)
Black 10 (4.1%) 13 (5.3%) 13 (5.3%)

McGlynn © 2020 Prehospital and Disaster Medicine
Table 4. Categorizations by Rater Across Three Victim-Size

Scenarios

categorizations, from 32.8% in the 10-victim scenario up to 67.6%
in the 1,000-victim scenario. Both the Red and Yellow categories
decreased as the victim count increased, the Yellow more pronoun-
cedly than the Red. The number of victims categorized Black only
saw a very small increase as victims increased, from 3.5% to 4.2%.

Table 3 details the change in triage categories across the various
victim scenarios. The largest change in triage was from Yellow to
Green as the number of victims in the scenarios increased, with
27.8% increase from 10-to-100 victims and 37.8% increase from
10-to-1,000 victims. No patient initially triaged Green or Black
changed categorizations as victim number increased. There was
a small change in the patients initially categorized as Red, with
some changing to Yellow and a very few changing to Black, as
victim number increased.

Table 4 presents these categorizations by individual rater. For
rater one, there was no difference in Black categorizations across
the three scenarios (3.2% of total categorizations in each of the
three scenarios), but there was an increase in categorizations of

Rater 1 and 10-Victim 100-Victim 1,000-Victim

Rater 2

Kappa, 95% CI 0.59 0.13 0.05
(0.49-0.70) (0.07-0.18) (0.0-0.11)

Reliability Moderate Poor Poor

Rater 1 and 10-Victim 100-Victim 1,000-Victim

Rater 3

Kappa, 95% CI 0.37 0.27 0.28
(0.27-0.46) (0.16-0.38) (0.18-0.40)

Reliability Fair Fair Fair

Rater 2 and 10-Victim 100-Victim 1,000-Victim

Rater 3

Kappa, 95% CI 0.45 0.36 0.36
(0.36-0.54) (0.28-0.45) (0.27-0.44)

Reliability Moderate Fair Fair

McGlynn © 2020 Prehospital and Disaster Medicine

Table 5. Kappa Coefficient between Raters in Each Scenario

Green patients as victim number increased (21.9% in the
10-victim, 83.8% in the 100-victim, and 87.0% in the 1,000-victim
scenario). For rater two, each exponential increase in estimated
victim number resulted in one additional Black categorization
(3.2% in the 10-victim, 3.6% in the 100-victim, and 4.1% in the
1,000-victim scenario). Rater two also had a trend of increasing
Green categorization as victim size increased (26.3% in the 10-victim,
32.8% in the 100-victim, and 41.7% in the 1,000-victim scenario).
Rater three had an increase of three Black categorizations from the
10- to 100-victim scenario but no increase from 100- to 1,000-victim
scenario (4.1% in the 10-victim, 5.3% in the 100-victim, and 5.3% in
the 1,000-victim scenario) and an increased proportion of Green cat-
egorizations as the victim size increased (50.2% in the 10-victim,
65.2% in the 100-victim, and 74.1% in the 1,000-victim scenario).

The IRR was consistently poor-to-moderate across the different
scenarios, with decreasing agreement as the number of victims
increased. In the 10-victim scenario, kappa coefficient ranged from
0.37-0.59. In the 100-victim scenario, kappa coefficient ranged
between 0.13 and 0.36. In the 1,000-victim scenario, kappa coef-
ficient ranged from 0.05-0.36. Table 5 provides each of the kappa
coefficients between each rater and another as well as 95% confi-
dence intervals for the value.

Discussion

Previous simulation studies using adult victims have found SALT
favorable or comparable to other modes of triage with regards to
accuracy, ease of use, and speed.”® One study by Jones found sim-
ilar rates of accuracy, over-triage, and under-triage in a simulated
pediatric MCI to JumpSTART (Simple Triage and Rapid
Treatment), a pediatric-specific triage algorithm.* Another study
by Heffernan comparing SALT, JumpSTART, Triage Sieve,
and Careflight in pediatric trauma cases at a Level 1 trauma center
found SALT to be as accurate as the other three, but also with a
substantial rate of under-triage.’> These studies only analyze
SALT in the context of a single MCI; this paper demonstrates that
SALT provides inconsistent results across different victim-number
scenarios. Furthermore, there are few published data on the IRR of
the algorithm. This study advances the literature by demonstrating
that IRR in the application of SALT to a group of pediatric trauma
victims is consistently poor-to-moderate and decreases as MCI
casualty numbers increase.
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The hypothesis of this study, that as victim numbers increased,
the IRR would decline and that providers would change their def-
inition of “minor” injuries and “what was likely to survive,” causing
an increased number of patients to be considered “minor,” thus off-
setting the number of victims being transferred to the hospital, was
substantiated. Both the Green and Black categorizations increased,
with Green categorizations increased to a much greater extent than
Black categorizations. This trend raises the possibility that the ques-
tion “are injuries minor?” (the branch point between a Green and
Yellow categorization) causes more inconsistency in the model than
“likely to survive given current resources?” (the branch point between
aBlack and Red categorization). As would be expected with increas-
ing Green categorizations, there was a trend towards decreasing
Yellow categorizations as size increased. Interestingly, however,
there was a moderate movement into the Yellow category from
Red categorizations, which cannot entirely be explained by these
two subjective branch points. Whether these findings would bear
out in a true mass-casualty situation is unclear for several reasons.
Certainly, perception impairment may occur if a provider’s attention
is overloaded with stimuli. This pitfall was not recreated here, as the
providers were merely to assume the size of the incident, but still tri-
aged each patient individually.” Additionally, while the idea of
declaring patients Expectant is not clearly studied as a factor in
post-MCI provider depression and anxiety,® one might imagine that
providers would find the labeling of children as Expectant to be
stressful. Previous literature has demonstrated that SALT is prone
to affective error and has shown that first responders may upgrade a
triage status against protocol because the victim is a child.* The
degree to which this differs between a tabletop exercise and true
MCT is unknown. Certainly, more study is needed to evaluate both
the origin of these findings and whether they can be generalized to a
true MCL

Limitations

There are several limitations of this study. First are the limitations
of a tabletop exercise in providing psychological fidelity comparable
to an actual disaster. Second, the patients involved in this study
were not actually involved in an MCI; they were involved in

individual traumas- primarily motor vehicle collisions or falls. An
MCI with 100 or 1,000 victims is far more likely to involve a natu-
ral disaster, chemical or biological warfare, or explosive, limiting
the generalizability of this injury mechanism. Because relevant data
points for the patients were presented to the raters, any added vari-
ability due to accuracy of data acquisition was not accounted for in
the results.

Another important limitation is that the raters were not blinded
to the hypothesis by nature of the study design. Asking raters to
triage the same patient in three victim-number scenarios number
would make it challenging to blind them to the hypothesis that cat-
egorizations will change based on victim number. Further, each
rater was aware of how they categorized the patient in prior triage
categorizations; although, they were blinded to the scoring of the
other raters. Additionally, the raters in this study were all training
as physicians. A replica of this study utilizing raters of various
medical fields from emergency medical technicians and paramedics
to trauma and emergency medicine physicians should be consid-
ered to evaluate if and how performance changes based on educa-
tion and experience. A trauma surgeon’s interpretation of a “minor”
injury or “likely to survive given resources” may be vastly different
than a basic emergency medical technician. Given SALT is appli-
cable in the field for first responders and at the time of re-triage
at the ED, it is important to know whether and how use of the
algorithm changes based on number of victims and who is utilizing
the algorithm.

Conclusion

Results show that SALT demonstrated poor-to-moderate IRR in
this study of increasing casualty counts while triaging pediatric
patients. Increased casualty counts in the scenarios led to a higher
proportion of Green, but not Black, categorizations. More studies
are needed to evaluate the reliability and consistency of the SALT
triage algorithm.

Supplementary Material
To view supplementary material for this article, please visit https://
doi.org/10.1017/51049023X20000163
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