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sonparative-Analysisvof Multiple-Casualty

.

thms

Study objective: We sought to retrospectively measure the
accuracy of multiple-casualty incident (MCI) triage algorithms
and their component physiologic variables in predicting adult
patients with critical injury.

Methods: We performed a retrospective review of 1,144 con-
secutive adult patients transported by ambulance and admitted
to 2 trauma centers. Association between first-recorded out-of-
hospital physiologic variables and a resource-based definition
of severe injury appropriate to the MCI context was determined.
The association between severe injury and Triage Sieve, Simple
Triage and Rapid Treatment, modified Simple Triage and Rapid
Treatment, and CareFlight Triage was determined in the patient
population.

Results: Of the physiologic variables, the Motor Component of
the Glasgow Coma Scale had the strongest association with
severe injury, followed by systolic blood pressure. The differ-
ences between Careflight Triage, Simple Triage and Rapid
Treatment, and modified Simple Triage and Rapid Treatment
were not dramatic, with sensitivities of 82% (35% confidence
interval [C1] 75% to 88%!, 85% {95% CI 78% to 90%). and 84%
(85% C! 76% to 89%), respectively, and specificities of 36% (35%
C1 94% to 97%), 86% (95% CI 84% to 88%), and 91% (95% C!
89% to 93%), respectively. Both forms of Triage Sieve were
significantly poorer predictors of severe injury.

Conclusion: Of the physiologic variables used in the triage
algorithms, the Motor Component of the Glasgow Coma Scale
and systalic blood pressure had the strongest association with
severe injury. CareFlight Triage, Simple Triage and Rapid Treat---
ment, and modified Simple Triage and Rapid Treatment had

“similar sensitivities in predicting critical injury in designated

trauma patiénts, but CareFlight Triage had better specificity.
Because patients in a true mass casualty situation may not be
completely comparable with designated trauma patients trans-
ported to emergency departments in routine circumstances, the
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best triage instrument in this study may not be the best in an
actual MCI. These findings must be validated prospectively
before their accuracy can be confirmed.

[Gamer A, Lee A, Harrison K, Schultz CH. Comparative analysis
of multiple-casualty incident triage algorithms. Ann Emerg Med.
November 2001;38:541-548.}

INTRODUCTION

The medical management of a major multiple-casualty
incident (MCI) revolves around victim triage. Accurately
identifying patients who will substantially benefit from
early scene intervention or transport to definitive care
may be the most important medical function at an MCL.!
However, in the setting of a major MCI, these patients are
typically in the minority, with most persons being either
uninjured, mildly injured, or deceased.? Triage systems
used in MCls must therefore allow rapid identification of
the critically injured without the need for detailed exami-
nations of all involved persons.

Physiologic systems have been {avored in the MCl set-
ting because they aim to identify patients with current
instability. Anatomic and mechanism of injury-based sys-
tems identify patients who have the potential to deterio-
rate; the triage priority is therefore based on potential,
rather than actual, instability. This may resultinaten-
dency to overtriage patients, thereby overwhelming the
system.’ Physiologic systems, however, provide a snap-
shot of the patient’s stability at the instant of triage and are
based on the assumption that triage will be an ongoing
process with frequent reassessments. Patients who are
initially physiologically stable but deteriorate will there-
fore be identified in subsequent triage rounds.

Several systems have been advocated as triage 1ools
designed to enable the rapid identification of critically
injured persons from large numbers of patients who do
not have immediately life-threatening injuries in an MClL.

The Triage Sieve methodology* (Figure 1) hasbeen
widely advocated in the United Kingdom and has been
adopted in parts of Australia. The physiologic variables
used in Triage Sieve Lo stratify patients are respiratory rate
and either capillary refill or heart rate, depending on the
ambient weather and temperature conditions.

The Simple Triage and Rapid Treatment algorithm
(Figure 2} is used widely in North America. Simple Triage
and Rapid Treatment initially used the ability to obey
commands, respiratory rate, and capillary vefill to assign a
triage category. Modifications were later recommended

5§42

that substituted palpability of the radial pulse for capil-
lary refill because data suggested it to be more reliable.?

The CareFlight Triage (Figure 3) algorithin assesses the
ability to obey commands, the presence ol respirations,
and the palpability of the radial pulse. [t differs from
modified Simple Triage and Rapid Treatment in that there
is no respiratory rate assessment, and level of conscious-
ness is assessed first.

There are no published reports or studies addressing
the accuracy of these systems. The aim of this study was 1o
retrospectively determine the association between the
physiologic variables used in these triage systems, both in
isolation and when combined together as an algorithm,
with severe injury requiring immediate life-saving inter-
vention or urgent lransport.

MATERIALS AND METHODS

Consecutive trauma patients presenting to the emergency
departments of 2 trauma centers in New South Wales,

Australia, were retrospectively identified from the hospital
trauma registries. All patients transported in the calendar
year of 1994 were included. Patients from later years could

Figure 1.
Triage Sieve. A heart rate of 120 beats/min is substituted for
capillary refill in cold conditions or paor lighting. © BM]/
Publishing Group. Used with permission.
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not be included because. starting in 1995, ambulances
stopped collecting patient data on the basis of the Trauma
score and began using the Triage-Revised Traumascore.
Because the new system dlid not use capillary relill, this
information could no longer be collected. One hospital is
atrauma service hospital providing tertiary trauma ser-
vices equivalent toan American College of Surgeons Level
[ trauma center to an urban population of approximately
654,000 persons. The second hospital providestrauma
services equivalent to an American College of Surgeons
Level Il trauma center to a catchment poputation of ap-
proximately 350,000 personsin a predominantly urban
area but including a rural catchment. A system of desig-
nating trauma patients in the {ield operatesin the catch-
ment areas of both hospitals. Patientsidentified with
physiologic or anatomic signs of severe injury or a high-
risk mechanism of injury are transported directly to the

Figure 2.
Modified Simple Triage and Rapid Treatment. The original algo-
rithm used capillary refill time of greater than 2 seconds as the
circulatory discriminator. @ Newport Beach Fire Department
and Hoag Memorial Hospital. Used with permission.
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trauma centers. Al dalaabstraction was perlormed by
one of the authors (AG), who was not blinded to the phys-
iologic variables when determination of injury severity
was made. All data were collected onastandardized data
collection form.

Patient inclusion criteria were as follows: (1) a trau-

alic injury necessitating astay of greater than 4 hoursin
the ED or admission to an inpatient unit; (2) patient trans-
ported directly [rom the incident scene; and (3)age 14
years or older. Patients of this age or olderare Lreated as
adults in the New South Wales trauma system and receive
all their care through adult trauma centers.

Data collected from each case slip included demo-
graphic and physiologic data, plus mechanism-of-injury
data. The ambulance service of New South Wales does not
routinely collect data on whether the radial pulse is palpa-
ble. Therefore, for modified Simple Triage and Rapid
Treatment and CareFlight Triage, persons witha systolic
blood pressure of less than 80 mm Hg were assumed to
not have a palpable radial pulse.®

Patients with critical injuries were defined as persons
who required any of a set of life-saving interventions.
These were derived from a modified version of the
resource-based definition of severe injury introduced by
Baxt and Upenieks.” Our modified criteria are as [ollows.
First is a nonorthopedic operative procedure with posi-
tive operative findings within 6 hours ofadmission, in-
cludingthoracotomies, laparotomies, pericardial windows,
craniotomies, and burr-hole ptacement. Positive operative
findings are defined as traumatic injuries that coutd have

Figure 3.
CareFlight Triage. © CareFlight. Used with permission.
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been life threatening if not treated. Second is {luid resus-
citation, either out-of-hospital or in-hospital, of greater
than 1000 mLor translusion to maintain a systolic blood
pressure of more than 89 mm Hg (ie, a measured blood
pressure of <90 mm Hgand requirement for >1,000 mL of
fuid or transfusion to elevate the systolic blood pressure
10 >90 mm Hg). Third is invasive central ngrvoussystem
monitoring, with a positive head computed tomographic
scan or documented raised intracvanial pressure. A posi-
tive computed tomographic scan is defined as signiflicant
extradural, subdural, orintraparenchymal hemorrhage.
Fourth is requirement of a procedure to maintain a patent
airway ot requirement for assisted ventilation, either out-
of-hospital oron arrival in the ED. Airway procedures or
ventilatory assistance, which is indicated solely because of
administration of sedative or anesthetic drugs, were ex-
cluded. Fifthisa requirement for decompression of a ten-
ston pneumothorax, either out-ol-hospital oron arrival
inthe ED.

Incontrast o the original Baxt and Upenieks? criteria,
time 1o necessary surgery alter injury was shortened from
48 hours te 6 hours. Patients who can tolerate adelay of
grealer than 6 hoursto surgery should be considered as
nonurgent cases in amajor MCl setting. In addition, death
asasole indicator was removed. Patients whose injuries
are so grave (ie, traumatic full arrests) that their prognosis
is believed to be dismal should not be ideniified as critical
inthe setting of a large MCl. They are likely to consume
large quantities of resources in a futile resuscitative effort.

Sensitivity and specificity were determined {or the spe-
cific values of the physiologic variables used in the triage
algorithms. Receiver operating characteristic curves were
plotied for the physiologic variables that are either ordi-
nal categoric or continuoeus variables. Areas under the
curve were compared using the method of Delongeral®
todetermine whetherthere were differences in the perform-
ance of physiologic variables. A logistic regression model
was used to determine which of the plysiologic variables
(ie. respiratory rate 230 versus <30 breaths/min, Glasgow
Coma Scale-Motor Response score €5 versus 6, systolic
blood pressure <80 versus 280 mm Hy, capitfary refill »2
versus €2 seconds, and heart rate » 120 versus $120
beats/min) wasassociated with critical injury. A second
logistic regression maodel was also developed as described
previously bui with respiratory rate (< [0 or>29 versus 1Q
to 24 breaths/min). Goodness of litwas detcrmined by
using the Hosmer-Lemeshow test, and colineariy was
assessed by means of correlation among inde pendent fac-
tors and the variance inflate factor™ To vabidate the
moded, a jackknile technigue was used rarther than boot-

strapping because the former methed is considered to be
the better test.®

Sensitivity, specificity, and odds ratios with 95% confi-
dence intervals (Cls) were calculated to compare the test
performance of each MCl triage algorithm against the
modified resource-based definition of critical injury.
Patients who were identified as “immediate” by the triage
algorithms were considered to have been identilied as crit-
ically injured. All of the triage algorithms use the ability to
walk as adiscriminator for minoror no injury. itis not pos-
sible to determine the association between the ability to
walk and the absence of severe injury within our emer-
gency medical services (EMS) system because patients
with a high-risk mechanism of injury are actively immobi-
lized by out-of-hospital providers. All patients trans-
ported by ambulance were assumed to not be able to walk.

Statistical analysis was performed with Statistical
Package for the Social Sciences (SPSS) Version 10.0 (SPSS
Inc., Chicago, 1L) and SAS Version 8.01 (SAS, Cary, NC).
The study was approved by the institutional Human Ethics
and Research Commitiee.

RESULTS
There were 1,192 patients who met the study inclusion cri-
teria. Forty-eight patients were excluded because the
ambulance case sheets had not been filed in the patients’
medical record or the data were incomplete, leaving 1,144
patients who were included in the dataanalysis. Sixty-five
percent of the sample were men, 35% were women, and
there were 38 (3.4%) deaths. The median age ol the sample
population was 33 years (interquartile range, 21 to 533
years). Mechanism of injury is presented in Table 1. One
hundred thirty-five (11.8%) patients met the modified
Baxtand Upenieks? criteria lor ceitical injury, with require-
ment for airway management being the most common rea-
son (Table 1). Over hallthe patients were classified as hav-
ingacritical injury on one criterion only. Forty-one
patients were assumed Lo not have a palpable radial pulse
because ofa systolic blood pressure of lessthan 80 mm Hg,.
Table 2 details the sensitivity and specificity of the
physiologic variables at the values used in the MCl triage
tools. Figure 4 shows the receiver operating characteristic
plots [ar heart rate, systalic blood pressure, respiratory
rate, and Glasgow Coma Scale-Motor Response scare.
There was adequate goodness of it ol the logistic regres-
sion model (}(_2:1 47 P=.23). The correlation beiween
independent variables was low (the highestat . 30), and
the variance inflate [actor did not indicate multicolinear-
ity There were no owtliers, as assessed by using the Cook

ANNALS OF EMERGENCY MEDICING 38 5 NOVEMBER 2001
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test, with avalue greater than 1O ¥ Therelore, the lagistic
models were adequate. Table 3 demonstrates that the
«trongest predictors of critical injury were the ability to
abey commands and systolic blood pressure in both
logistic regression models, which was confirmed with
jackknile statistics. The sensitivity. specificity, and odds
ratio for the MCI triage atgorithms are shown in Table 4.

DISCUSSION

The physiologic predictors with the strongest association
with critical injury were the Motor Component of the
Glasgow Coma Scale and systolic blood pressuredin this
population of designated adult trauma patients. This
finding is similar to the findings ol other studies that ex-
amined the relationship between physiologic variables
and severe injury, 10! ! particularly the utility of a measure
oflevel of consciousness.!2-1* The odds ratios were high
for the Motor Component of the Glasgow Coma Scale and

Table 1.
Mechanism of injury and criteria for critical injury in the patient
sample.

fAechanism of injury %
otar vehicle crash occupant 391
fall<Sm 213
Pedestrians and pedat cyclists 103
Motorcycle crash 66
Sports related 43
Blunt assault 4.3
Industrial accident 38
“1abbing 28
Fall >5m 24
Burns 18
Gunshot wound 0.1
Other 37
Frequency of
Criterion as Sole
Frequency indicator of
Criteria (%) Critical Injury (%}
(Operative intervention required 49(36.3) {4
Fiuid resuscitation regquired 51{37.8} 18{13.3)
Significant head injury 42{31.1) z2{15)
Required airway management 82 (60.7 {23
Sequired decompression of a tension 107 01{0]
pneumothorax
Aqy combination of 4 criteria above Z5
Any combination of 3 criteria above 21 {158
Any combination of 2 criteria above 42(31.1)
1ne criterion above 70(51.9}

systolic bivod pressure and may suggest the presence of
sparse data inthe logistic regression madel However, we
believe that the modelsare stable alier validation with the

jackknife technique and checking for multicolinearity.

Tabile 2.
Predictive value of the physiologic variables at the values used in
the MCI triage algorithms.

Variable Sensitivity, % Specificity, %
Respiratory rate >29 breaths/min 14.8 95.3
Respiratary rate <10 or >29 breaths/min 252 953
Glasgow Coma Scate-Motor Response score <6 726 96.2
Systotic blood pressure <80 mm Hg 304 93.2
Capillary refill >2 s 363 93.2
Heart rate >120 beats/min 133 318
Figure 4.

Receiver operating characteristic (ROC) plot for heart rate, res-
piratory rate, systolic blood pressure, and Glasgow Coma Scale-
Motor Response score. Areas under the ROC plot were as foliows:
Glasgow Coma Scale-Motor Response score 0.85 (95% C10.81
t0 0.90): heart ratc 0.64 (95% CI 0.58 10 0.70); systolic blood

© presswre 0.72 (95% Ct 0.67 te 0.77); and respiratory rate 0.50
(95% Cl 0.43 to 0.50).
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CarcFlight Triage appeared to be the best of the MCl
triage tools in predicting critical injury asa result ol greater
specificity. However, we cannot be certain that CareFlight
Triage was superior to Simple Triage and Rapid Treatment
and modified Simple Triage and Rapid Treatment because
ol the limitations of the study. We are confident that both
forms of Triage Sieve were significantly poorer predictors
of severe injury in comparison with the other algorithms.
These findings would be anticipated from the demon-
strated association in the present studly between the phys-
jologic variables used in the algorithms and severe injury.

A resource-based definition of severe injury was used
in this study because it isa mismatch ol resources and
needs that makes the process of triage necessary, particu-
larly in the context of alarge MCI. Triage aims to ensure
that only patients who are likely to benefit from use of
resources will have resources expended on them inthe
early phases of an incident. If resources are initially inade-
quate to deal with the numbers of critically injured, sur-
vival of as many persons as possible mandates that only
those most likely to benefit will receive them.

Paticnts transported by ambulance were assumed tobe

unable 1o walk inthis study because atl patients with
high-risk mechanisms of injury are actively immobilized

Tahle 3.
Logistic regression of predictive value of physiologic factors for
critical injury.

Jackkaife Adjusted
Odds Ratio 0dds Ratio
Predictors ) (95% C1) 195% Ci)
Model 1

Respiratory rate (=30 versus 224(G82-6 11} 235(099-561)
<30 breaths/mia)
Glasgow Coma Scale-Motor
Response score {5 versus B}
Systolic blead pressure
(<80 versus 280 mm Hag)
Capillary refill {>2 versus 2 )
Heart rate {>120 versus <120
beats/min)
Model 2
Respiratoty rate (<10 or 29 versus
10-29 breaths/min}
Glasgow Coma Scale-Motor
Response score (<5 versus B)
Systchic blood pressurg
{80 versus >B0 nwn Ho}
Capilary 10Dl (>7 versus <7 s
Heart rate (>120 versas <120
treatsfming

7549 (42.67-133.53)  7281(39.98-132.62)

3247(1138-9267) 3173191810571

356 (164-7.7%}
2630103 669

356 {1 31-967)
25301 15-560)

261{101-670) 264(121-576)

73694159 13057) 68068{3759 12547)
27011836 94247 3100(8 74- 11001}

346 {1 587 56
72491097 640)

3394122 944}
745{110 S48)
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by our EMS system, and the data were therefore unavail-
able. It is possible, although not likely, that patients iden-
1ified as immediate prioritics in this studly by the algo-
rithms could have walked on request and therelore been
triaged as delayed ina real MCL This will alter the re-
ported sensitivities and speciicitics. Allthe algorithms
tested, however, use the ability to walk as the initial dis-
criminator. There isanecdotal evidence that thisisa use-
[ul approach where there are large numbers of patients
and limited medical resources. '

There is considerable doubt about the tility ol capil-
lary refill as a measure of hypovolemia in adults. ' Utility
of palpability of the radial pilse and the correlation with a
systolic blood pressure of 80 mn Hg, although widely
accepted and tatght,® is yet to be validated. Diflerent sen-
sitivities and specificities will resultif thisassumptioniis
proved to be invalid.

Inthe field, CareFlight Triage is likely to be the most
rapidly performed of the algorithms because the discrimi-
nators used to identifly critical patients are qualitative. In
those who cannot walk, priority is assigned by asking the
paticnt asimple question, such as where they have pain,
while simultaneously palpating for the presence ofa
radial pulse. This requires 10 to 15 seconds per patient
because both tests can be performed simultaneously.
Countinga respiratory rate alone will take similar time
and may be difficult in heavily clothed persons or low-
light conditions.

CareFlight Triage does not assess respiratory rate. This
may possibly lead to failure to identily persons with iso-
lated airway injuries. Mass exposure to chemicals or fires
could potentially result in farge numbers of persons with
primarily respiratory symptoms whoare otherwise physio-
Jogically normal.'” There is evidence that this risk may be

Table 4.
Sensitivity, specificitn and adds ratios for the MO elage algo-
rithms,
Sensitivity,  Specificity,  Odds Ratio
Triage Algorithm % {95% CI} % [95% Cl} {95% Ch
Simple Triage and Rapid 85478 90) 86 (84- 98) 35(21-61)
Treatment (capillary refill}
Modifred Simpie Triage and Rapid 84 (76 83} 91 {89 93 57 (31 -90]
Treatment (palpable rachal putse)
Triage Sieve [capillavy refii) a5{37 54] #8987 91 T{-10t
Triage Sieve (heat! rate) 45137 51) 88186 901 G410}
Careftight Triage 82 (75 88 96(94 971 99 (56 - 176)
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theorctivalonly 22 Fhe Advaneed Travmat ile Sappor
course” *does not st anathonormad respiratory vawe aseither
Lreason tosuspect inhalattonal injury oranindication for
intubation. Further studics ave required o determine
whetheradditional craieriaare needed to rapidly identifly
persons with severe inhalational injury orairway burns,

There are anuwber of limitations to this stady. Clearly,
the major limitation is that it is retrospective. The classic
manner by whichaclinical rule is validated should be
composed of 3 steps: derivation, retrospective prevalida-
tion, and prospective validation. This study represenisa
fulfillment of the first 2 steps. Before any of these aps!
proaches can be believed tobe validated, they must be
tested prospectively in a real-lime setting, with similar
results Lo those presented here being obtained.

Inaddition, the sample of patients examined repre-
sents the typical adult trauma patient population seen
through an urban trauma center in Australia. The popula-
tion studied consists ol trauma system entries, a prese-
lected population, There was [urther selection by inclu-
sion of only the patients who had a stay of 4 hours or more
or who were admitted to an inpatient unit because these
are the patients recorded in the trauma registry. This
selection process will lead to the exclusion of some patients

ith minorinjuries. Because patients ina lrue mass casu-
ity situation may not be completely comparable with
designated trauma paticnts transported to EDs in routine
circumstances, the best triage instrument in this study
may not be the best in an actual MCI. Additionally, only
2.7% of the injuries were penetrating, and 1.8% were
burns. Reports of both mass shootings and mass burning
incidents are frequent in the medical literature. Unlike
the population of patients used in this study, who have a
variety of mechanisms of injury, most persons inalarge
MClare likely 1o have the same or similar injury mecha-
nisms. Performance of triage algorithms may vary with
injury mechanism.

Penetraling trauma creates challenges because early
physiologic compensation may mask significantinjury,
particularly inyoung adulisand children. Algorithms
using physiologic variables alone may not initially iden-
tify persons with significant injuries who are yet to de-
compensate. However, the initial round of triage ina mass
shooting incident should aim to identify those persons
with current physiologic instability because these per-
sonsare the most likely 1o benedit [rom carly intervention
and particularly from rapid transport to surgical care. Use
of a physiclogic system would therefore seemreasonable.

Furthermore, the algorithms studied here may identifly

itients as immediate whose injuries are so severe that
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they showld nothe resusatued m the coatext olamajor
MCE making the Lalse-posdtive rate ofthese algorihms
higher than prediced mthe present study. Decisions
regarding which critcal patients should have treatment
withiheld in fwvor of casualties with greater chanees of sur-
vival are unlikely to be amenable to application of a sim-
pte algorithm. The decision notte treat certain patients s
dependent on many factors other than just physiologic or
anatomic signs of severe injury. Guidelines have been
published that atiempt o bring an evidence base to these
decisions in the catastrophic disaster situation.® Such
decisions can only be made altera move detailed secon-
dary assessment with knowledge of the available resources.
What constitutesa false-positive test result in this context
will therefore vary fromincident Lo incident. Decisions of
this kind will not be necessary in many MCls, and algo-
rithms of this type are an approfiriaid rapid screening tool.
The decision to withhold treatment, in cases in which itis
required, should be' made during the more detailed sec-
ondary triage round.

The current study examines the MCl triage algorithms
ina population of exclusively adult patients. Major MCls
involving almost exclusively children have occurred,** as
have incidents involving farge numbers of children, who
must be triaged along withan even larger number of
adults.2® Applying the triage algorithms used inadulis to
childrenis dillicult because childrer have dillerent nor-
mal physiologic ranges for variables, such as heart rate,
blood pressure, and respiratory raie. There area limited
amount of published data on the out-of-hospital triage of
injured children. The physiologic variable thatappears o
be ofthe grealest benefitisa measure of level of con-
sciousness, 2027 whichis similar o the findings [or adults
inthe present study. The level olconsciousness may bea
more accurate predictor ol major injury in children than
adults.28 However, further studies are needed 1o deter-
mine the accuracy of the MCl algorithms in pediatric pop-
ulations.

[n summary, ol the physiologic variables used inthe
algorithms, the Molor Component of the Glasgow Coa
Scale and systelic blood pressure had the strongest asso-
ciaion with severe injury. Differences betweenthe accu-
racy of CareFlight Triage, Simple Triage and Rapid Treat-
ment, and modilicd Simple Triage and Rapid Treatment
were not dramatic, although CareFlight Triage appeared
to have greater specilicity. Because patients in a true mass
casualty situation may not be completely comparable
with designated trawma patients transported to EDs in
routine circuwmstances, the best triage instrument in this
study may not be the best in anactual MCL These find-
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ings must be validated prospectively and in other patient
populations before theiraccuracy can be conlirmed.
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