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ABSTRACT
Objective The use of an injury triage method among 
earthquake injury patients can facilitate the reasonable 
allocation of resources, but the various existing injury 
triage methods need further confirmation. This study aims 
to assess the accuracy of several injury triage methods, 
namely, the Simple Triage and Rapid Treatment (START) 
technique; CareFlight Injury Triage (CareFlight); Rapid 
Emergency Medicine Score (REMS); Triage Revised Trauma 
Score (T- RTS) and Triage Early Warning Score (TEWS), 
based on their effects on earthquake injury patients.
Design Data in the Huaxi Earthquake Casualty Database 
were analysed retrospectively.
Setting This study was conducted in China.
Participants Data on 29 523 earthquake casualties 
were separately evaluated using the START technique, 
CareFlight, REMS, T- RTS and TEWS, with these being the 
five types of injury triage studied.
Primary outcome measure The receiver operating 
characteristic (ROC) curves for the five injury triages were 
calculated based on hospital deaths, injury severity scores 
greater than 15 points, and whether casualties stayed in 
the intensive care unit.
Results The ROC curve areas of the START technique, 
CareFlight, REMS, T- RTS and TEWS were 0.750, 0.737, 
0.835, 0.736 and 0.797, respectively. Among the five injury 
triages, the most accurate in predicting hospital deaths 
was REMS, with an average area under the curve (AUC) 
of 0.835, with this due to the inclusion of more evaluation 
indicators.
Conclusion All methods had an effect on the triage of 
earthquake mass casualties. Among them, the REMS 
injury triage method had the largest AUC of the five triage 
methods. Except for REMS, no obvious difference was 
found in the effect of the other four injury triage methods.

INTRODUCTION
Earthquake injuries, involving a large number 
of casualties and caused by sudden natural 
disasters, are characterised by sudden, short- 
term injuries, difficulties in rescuing casualties 
and the high risk of death of those injured.1 
When a destructive earthquake occurs, many 
casualties occur at the earthquake site, which 
often lacks adequate medical resources.2 To 
save the lives of as many casualties as possible, 

rational use needs to be made of the limited 
medical resources at the site, classifying and 
processing the mass of casualties,3 and deter-
mining which casualties with life- threatening 
injuries should be given priority treatment.4 
It is also necessary to identify which casualties 
can have treatment delayed, as well as those 
whose lives, even if immediate treatment were 
available, would be difficult to save. Thus, 
their treatment would have to be suspended 
in order to save the casualties considered the 
most valuable, with the maximum survival rate 
and minimum level of disability.5 With such a 
large number of injured people with different 
conditions, the process of correct injury 
triage within a short period of time is particu-
larly important,6 especially for those assessed 
as critical (injuries classified as red) and more 
serious (injuries classified as yellow). A good 
triage of injuries should simultaneously meet 
three conditions: (1) clinical operability; (2) 
a simple and fast scoring method and (3) 
highly accurate predictions.7

The purpose of using triage methods is 
to enable the healthcare provider to assess 
patients’ severity of injury or illness, assign 
priorities and to transfer each patient to the 
appropriate place for treatment. Patients 
with severe injury need to be separated from 
moderate and mild injuries. In a retrospective 

Strengths and limitations of this study

 ► This is the first study to simultaneously compare 
these five injury triage methods.

 ► This database, which includes casualties from 
several devastating earthquakes, is both huge and 
representative.

 ► This study adopted several outcome measurement 
indicators to compare effectiveness from different 
aspects.

 ► This study considered the effectiveness of injury tri-
age methods but not their convenience.
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analysis one may consider severely injured patient (red) 
as the one who dies or needs to be admitted to intensive 
care unit (ICU) or has injury severity score (ISS)  >15. A 
patient with moderate injury (yellow) may be a patient 
who needs hospitalisation but has ISS  <15 and does not 
need ICU care. The remaining may be considered as 
patients with mild injuries (green).

Several injury triage methods are available, such as the 
Simple Triage and Rapid Treatment (START) technique; 
CareFlight Injury Triage (CareFlight); Rapid Emergency 
Medicine Score (REMS); Triage Revised Trauma Score 
(T- RTS) and Triage Early Warning Score (TEWS). The 
earliest and most widely used injury triage method is the 
START technique which evaluates patients by their degree 
of action (walking), breathing, blood flow perfusion, and 
consciousness status,8 classifying patients into red tags 
(immediate treatment), yellow tags (delayed treatment), 
green tags (minor injuries) and black tags (not expected 
to be saved).9

CareFlight is a simplified procedure, similar to the 
START technique, which divides patients into four 
categories, namely, red, yellow, green and black tags, 
mainly through the assessment of movement (walking), 
consciousness, breathing and blood flow perfusion.10 
The REMS method is a score based on the casualty’s age 
(year); mean arterial pressure (mm Hg); breathing rate 
(second/min); heart rate (second/point); SPO2(%) and 
Glasgow Coma Scale (GCS) (score).11 The higher the 
score, the higher the patient’s criticality, with the severity 
of the patient’s condition evaluated according to the 
patient’s score.12 The scoring method, T- RTS, comprises 
three indicators, namely, systolic blood pressure, 
breathing rate and the GCS score; the lower the score, 
the more serious the injury.13 Similar to the two previous 
triage methods, TEWS uses a scoring method which, in 
this method, comprises seven indicators, that is, mobility, 
breathing rate, heart rate, systolic blood pressure, body 
temperature, state of consciousness and level of trauma; 
the higher the score, the more severe the injury.14

Although many injury triage methods are available, only 
extremely limited performance comparison has been 
undertaken of these methods.15 Difficulties experienced 
in the prospective study of seismic injury triage include 
the sudden and non- repeatable nature of earthquakes, 
practical problems of random grouping, ethical issues, 
logistics and cost.16 Thus, simulation research and post- 
assessment studies, rather than prospective trials, provide 
most of the available evidence. In addition, researchers 
have used data on non- mass casualties, such as estimated 
relative risk injury registry data, to study ways in which to 
evaluate the results of mass casualty triage systems. The 
key to this registry- based research is to link initial infor-
mation about out- of- hospital patients (eg, their mental 
state and the vital signs used for diversion distribution) 
to the clinical significance of an enormous number of 
trauma patients.

To date, very few studies have been reported in the 
literature on the use of large amounts of seismic injury 

data to evaluate triage methods for detecting injuries. In 
the current study, we have sought to compare the perfor-
mance of five injury triage methods. We have applied 
these methods to the Huaxi Earthquake Casualty Data-
base, comparing the calculated patient triage priority 
with the results recorded for the patient. Our hypothesis 
is that some injury triage methods are able to predict the 
main clinical results more accurately than others.

METHODS
Research design
The current study used existing patient characteristics and 
results from the Huaxi Earthquake Casualty Database to 
compare the performance of five injury triage methods. 
Each method was retrospectively used for every patient in 
the database to obtain the specified triage level or scoring 
value, and then compared with the actual recorded results 
of each patient (hospital deaths, admission to the ICU or 
ISSs higher than 15 points).17–19 A direct comparison was 
then made of the performance for each method.

Selection of participants
Data on patient populations were derived from a database 
of earthquake casualties from previous devastating earth-
quakes in western China over the decade from 2008 to 
2018. These data were collected from out- of- hospital and 
emergency department (ED) information, as well as inpa-
tient information and discharge information.

Data collection
For this study, a patient with a valid record of age and 
complete result reported in both ED and final discharge 
would be included. However, those without valid records 
of prehospital vital signs or other essential information 
for calculating GCS and ISS were excluded. This study 
also classified patients using the following tags: red 
(immediate treatment), yellow (delayed treatment), 
green (minor injuries) and black (not expected to be 
saved).9 The mortality, need for intensive care unit admis-
sion and severe injury (ISS  >15) were recorded as binary 
nominal data.

Outcome determination
The main result used was the hospital mortality rate, as 
recorded in the database. Comparisons were undertaken 
between the mortality rate, the initial triage allocation, 
the receiver operating characteristic (ROC), as well as the 
area under the curve (AUC). Two secondary results were 
used: first, whether the patient stayed in the ICU, with 
this defined as the patient entering the ICU during hospi-
talisation. This binary result was compared with the ROC 
and AUC, as well as with the initial triage assignment. The 
other secondary result was whether the patient’s ISS was 
higher than 15 points, with an ISS higher than 15 points 
being for critically injured patients. This binary result 
was compared with the ROC and AUC, as well as with the 
initial triage assignment.
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Statistical analysis
The statistical analysis was undertaken with IBM SPSS Statis-
tics (SPSS) V.20.0 and MedCalc statistical software V.18.2.1 
(MedCalc Software, Ostend, Belgium). The continuous vari-
ables shown were based on means (±), SD or medians (25% 
quartile, 75% quartile), as appropriate. Other variables were 
shown according to composition ratios (%). This study used 
the Student’s t- test or Mann- Whitney U test to show compar-
isons between continuous variables. Similarly, the χ2 test or 
Fisher’s exact test were undertaken to show comparisons 
between categorical variables.

To assess the abilities of the five injury triage methods 
to predict mortality, ROC curve analyses were conducted. 
The triage performance of these scoring systems to 
discriminate between outcomes was evaluated by calcu-
lating the AUC of ROC and its 95% CI. An AUC  >0.75 
was considered to have a suitable clinical value, while an 
AUC  >0.97 was viewed as a high clinical value. The AUCs 
were compared by conducting Delong’s test.

Patient and public involvement
No patient was involved in this study.

RESULTS
After excluding 5342 patients with missing records 
(figure 1), 29 523 injured persons, in total, were recorded 
in the Huaxi Earthquake Casualty Database.

The analysis revealed that most survivors (51.12%) and 
most of those who died (56.68% to a total number of 217 
persons died) were female, while the rest were male. The 
analysis of the five triage methods indicated significant 
differences between them. The basic characteristics are 
summarised in table 1.

Taking hospital death as the evaluation criterion, the ROC 
curve of each injury triage method is shown in figure 2.

The performance of the various triage methods, 
namely, the START technique, CareFlight, REMS, T- RTS 
and TEWS, were analysed in terms of in- hospital deaths, 
ISSs and ICU admissions. The obtained values were calcu-
lated on the basis of the AUC at a 95% CI. Table 2 pres-
ents the AUC of the five injury triage methods 2.

Based on a participant’s stay in the ICU being used as 
an evaluation criterion, the ROC curve of each injury 
triage method is shown in figure 3.

A pairwise comparison was undertaken between the 
five injury triage methods by Delong’s method. The AUC 
values were calculated for each pair, along with a compar-
ison at 95% CI, and an analysis of z- statistics and p values. 
The p value comparison indicated that a significant rela-
tionship was found between each pair. The pairwise values 
of the five injury triage methods are shown in table 3.

Based on ISS  >15 as the evaluation criterion, the ROC 
curve of each injury triage method is shown in figure 4, 
with the curve area of START, CareFlight and REMS injury 
triage shown in table 2. The five injury triage methods are 
not higher than the value of ISS=15.

Figure 1 Details of patients included in the study. ICU, 
intensive care unit.

Table 1 Summary of the characteristics of earthquake 
survivors and non- survivors

Variable
Survivors
N=29 306

Non- survivors
N=217 P value

Male (number) 14 326 (48.88%) 94 (43.32%) 0.102

Female (number) 14 980 (51.12%) 123 (56.68%)

Age (years) 50.46±17.94 61.22±19.70 <0.01*

Vital signs

  Temperature (°C) 36.75±0.45 36.89±0.77 0.130

  RR (/min) 19 (18, 20) 21 (20, 24) <0.01*

  PR (/min) 80(76,85) 90(78,109) <0.01*

  SBP (mm Hg) 122.7±17.4 115.1±27.2 <0.01*

Consciousness

  GCS 15(15,15) 14(7,15) <0.01*

  A 28 020 (95.61%) 104 (47.93%) <0.01*

  V, P, U 1286 (4.39%) 113 (52.07%)

  ISS 9 (1, 13) 9 (4, 18) <0.01*

Triage tools

START

  Green (number) 102 1 <0.01*

  Yellow (number) 27 842 97

  Red (number) 1362 119

  Black (number) 0 0

CareFlight

  Green (number) 102 1 <0.01*

  Yellow (number) 27 917 103

  Red (number) 1287 113

  Black (number) 0 0

REMS 2 (0, 5) 7 (5, 9) <0.01*

T- RTS 12 (12, 12) 11 (9, 12) <0.01*

TEWS 4 (4, 5) 6 (5, 8) <0.01*

*P<0.05.
A, alert; GCS, Glasgow Coma Scale score; HR, heart rate; ISS, injury 
severity score; P, pain; PR, pulse rate; REMS, Rapid Emergency 
Medicine Score; RR, respiratory rate; SBP, systolic blood pressure; 
START, Simple Triage and Rapid Treatment; STM, Sacco Triage 
Method; TEWS, Triage Early Warning Score; T- RTS, Triage Revised 
Trauma Score; U, unresponsive; V, verbal.
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DISCUSSION
Over the past few decades, the number of mass casu-
alty incidents has risen.20 When a mass casualty event 
occurs, normally a disparity occurs between the number 
of victims and the medical resources available.21 In such 
cases, triage is essential to ensure that sufficient medical 

resources reach the maximum possible number of casu-
alties. The goal of triage is to offer the right treatment to 
each patient at the right time and in the right place.

Earthquakes are a natural hazard that results in a large 
number of deaths.22 The conditions triggered by an earth-
quake that affect the likelihood and degree of damage 

Figure 2 Receiver operating characteristic curves for values 
of each injury triage method based on hospital deaths. CF, 
CareFlight tool; REMS, Rapid Emergency Medicine Score; 
START, Simple Triage and Rapid Treatment; TEWS, Triage 
Early Warning Score; T- RTS, Triage Revised Trauma Score.

Table 2 Summary of injury triage methods in predicting earthquake victim outcomes

Outcome Tools AUC 95% CI Cut- off Sen. (%) Spe. (%)

In- hospital death   

  START 0.750 0.745 to 0.755 Red 54.8 95.4

  CareFlight 0.737 0.732 to 0.742 Red 52.1 95.6

  REMS 0.835 0.831 to 0.840 4 82.0 76.9

  T- RTS 0.736 0.731 to 0.741 11 50.7 95.8

  TEWS 0.797 0.792 to 0.802 6 61.3 92.2

ICU admission   

  START 0.581 0.576 to 0.587 Red 20.6 95.5

  CareFlight 0.573 0.568 to 0.579 Red 18.8 95.7

  REMS 0.634 0.628 to 0.639 4 56.0 67.3

  T- RTS 0.567 0.561 to 0.572 11 17.4 95.8

  TEWS 0.631 0.626 to 0.637 6 51.3 69.8

ISS  >15   

  START 0.517 0.511 to 0.523 Red 7.6 95.6

  CareFlight 0.515 0.509 to 0.521 Red 7.0 95.8

  REMS 0.553 0.548 to 0.559 4 42.6 69.0

  T- RTS 0.510 0.504 to 0.516 11 6.2 95.8

  TEWS 0.532 0.526 to 0.538 6 35.5 70.3

AUC, area under the curve of the receiver operating characteristic; CareFlight, CareFlight Injury Triage; ICU, intensive care unit; ISS, injury severity 
score; REMS, Rapid Emergency Medicine Score; Sen., sensitivity; Spe., specificity; START, Simple Triage and Rapid Treatment; TEWS, Triage Early 
Warning Score; T- RTS, Triage Revised Trauma Score.

Figure 3 Values of each injury triage method based on an 
intensive care unit stay. CF, CareFlight tool; REMS, Rapid 
Emergency Medicine Score; START, Simple Triage and Rapid 
Treatment; TEWS, Triage Early Warning Score; T- RTS, Triage 
Revised Trauma Score.
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are referred to as ‘earthquake population vulnerability’. 
With the global population’s continued growth and 
large- scale urbanisation, earthquakes will pose a greater 
threat to human safety.8 While our level of technology 
does not allow us to accurately predict an earthquake, 
earthquakes can be researched from two perspectives 
to minimise, as much as possible, the number of people 
killed or injured.23 First, earthquake disaster suscepti-
bility assessments should be completed well in advance of 
an earthquake,24 with disaster avoidance and mitigation 
systems improved in areas where population vulnerability 

is relatively high.25 Second, the number of casualties 
must be projected immediately after the earthquake, and 
appropriate rescue steps should be deployed based on 
the estimated results of carrying these out effectively.26 
Only an effective triage method can reduce mortality 
when using limited resources and having little time.14

Many methods of injury triage, such as the START tech-
nique, CareFlight, REMS, T- RTS and TEWS, are avail-
able worldwide. The obtained value of the AUC is 0.75 
(at 95% CI 0.745 to 0.755) for in- hospital deaths, with 
these values being 0.581 (at 95% CI 0.576 to 0.587) and 
0.517 (at 95% CI 0.511 to 0.523) for ICU admissions and 
the ISS >15 condition. In the study conducted by Cross 
and Cicero9 on 1 816 982 US casualties based on their 
deaths, the recorded value of the AUC was 0.846 (95% 
CI 0.843 to 0.849). He also reported obtaining the AUC 
value of 0.852 (95% CI 0.850 to 0.855) from the Care-
Flight method.

In the study by Imhoff et al,11 the author reported that 
the AUC value reached 0.91 using the REMS injury triage 
method. In the initial assessment of trauma patients, the 
simple addition of T- RTS, or the Revised Trauma Score’s 
three indicator scores, has also been considered by 
researchers for use as an injury triage method for mass 
casualties. In a study of 150 trauma patients, MacLeod et 
al15 found that the ROC curve of T- RTS had an area of 
0.869. In Gottschalk et al’s27 study, the advantage of TEWS 
was found to be that, in prehospital and emergency room 
settings, parameters that were easily measured by staff 
with basic training were converted to equally easy and 
interpretable triage scores. By using these injury triage 
methods, healthcare providers would similarly be able 
to classify patients, making communication between 
medical staff more transparent, enabling the more appro-
priate transfer of patients.28 However, no evidence has 
previously been available to support which method is the 
most appropriate for the treatment of mass casualties. 

Table 3 Summary of pairwise comparisons of the AUC of injury triage tools used in predicting in- hospital mortality of 
earthquake victims

Pairwise models ΔAUC 95% CI z- statistic P value

START~CF 0.0125 0.00162 to 0.0234 2.251 0.024*

START~REMS 0.0857 0.0582 to 0.113 6.109 <0.001*

START~T- RTS 0.0133 −0.00678 to 0.0334 1.299 0.194

START~TEWS 0.0474 0.0153 to 0.0795 2.893 0.004*

CF ~REMS 0.0983 0.0699 to 0.127 6.794 <0.001*

CF ~T- RTS 0.0008 −0.0222 to 0.0238 0.069 0.945

CF ~TEWS 0.0599 0.0262 to 0.0935 3.489 <0.001*

REMS~T- RTS 0.0991 0.0697 to 0.128 6.613 <0.001*

REMS~TEWS 0.0384 0.00581 to 0.0709 2.310 0.021*

T- RTS~TEWS 0.0607 0.0316 to 0.0898 4.083 <0.001*

*P<0.05.
ΔAUC, difference between the areas under the curve; CF, CareFlight tool; REMS, Rapid Emergency Medicine Score; START, Simple Triage 
and Rapid Treatment; TEWS, Triage Early Warning Score; T- RTS, Triage- Revised Trauma Score.

Figure 4 Values of each injury triage method according to 
higher ISS value. CF, CareFlight Injury Triage; REMS, Rapid 
Emergency Medicine Score; START, Simple Triage and Rapid 
Treatment; TEWS, Triage Early Warning Score; T- RTS, Triage 
Revised Trauma Score.
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The current study evaluates the effect of injury triage 
using these five methods by retrospectively analysing 
data from the Huaxi Earthquake Casualty Database, and 
providing evidence to support the effectiveness of each 
triage method.

Our study found that all five methods were of value, 
based on the number of hospital deaths. With the START 
technique, the AUC value for predicting in- hospital 
deaths in earthquake batch trauma patients was found 
to be 0.75, which is acceptable for performance. The 
main limitation of the START technique appeared to 
be that only four indicators were required. More injury 
triage indicators could better distinguish between patient 
urgency and clinical needs. However, this increase in 
differentiation would come at the expense of increased 
complexity. Triage methods with more evaluation indi-
cators (eg, REMS and TEWS) were found to be better 
than the START technique. The CareFlight method 
predicted hospital deaths with an average AUC (AAUC) 
of 0.737, lower than for the START technique, with its 
selected metrics consistent with the START technique 
but more simplified. Bazyar et al’s14 study suggested that 
the START technique’s assessment time in the field is 
about 30 s–60 s, while CareFlight takes only 15 s. To some 
extent, this reduces accuracy, but it can still be consid-
ered in cases with large numbers of injuries and scarce 
medical resources. In relation to predicting hospital 
deaths using the five injury triage methods, REMS has 
the highest value with an AAUC of 0.835, with the high 
accuracy of its predictions mainly due to the inclusion of 
more evaluation indicators. However, the REMS indica-
tors include data on blood pressure and oxygen satura-
tion, thus increasing the demand for medical equipment 
in the field. Sufficient numbers of these devices would 
be required to calculate REMS, with this also being the 
limitation of REMS application in earthquake sites.11 
With an AAUC of 0.736, the accuracy of predictions by 
T- RTS is not ideal, with blood pressure also needing to 
be measured. Therefore, its field application value is not 
as good as that of CareFlight. With an AAUC of 0.797 
which is better than for the START technique, TEWS also 
requires systolic pressure and body temperature measure-
ment, thus needing these measuring devices to be avail-
able in the field.

In addition, our study found that three of the five 
injury triage methods had an AUC below 0.75, based on 
whether a patient had an ISS  >15 or required an ICU 
stay. These two secondary results are important criteria 
to alert medical personnel on the spot to the needs of 
patients. However, no strong evidence is available to show 
which injury triage method is superior in these aspects 
so this needs to be explored in future studies. The anal-
ysis revealed that START, CareFlight and T- RTS showed 
poor sensitivity but high specificity for admission to 
ICU and ISS  >15 (>95%, table 2), which indicated that 
those who were identified positive by these three triage 
methods were more likely to be admitted to the ICU 
or have severe injuries. However, negative could not be 

considered as mild. Therefore, we suggested that more 
medical resources were beneficial for positive patients; 
while further evaluation was needed for negative patients 
when resources were sufficient.

LIMITATIONS
This study only considered the effectiveness of injury 
triage methods. However, in real- world cases, the conve-
nience of injury triage is also very important. Owing to 
missing data, the available records were not usable in 
relation to convenience. Although statistical results were 
provided using ROC comparisons, the size of the clini-
cally relevant differences remained unclear. Any clinical 
differences between the injury triage methods may be 
further blurred when people consider the inconsistency 
with which triage methods are applied by first responders 
who have limited disaster experience. In earthquake 
rescues, it is not only the performance of these methods 
that should be considered, but more should be learnt 
about the comparative advantages and disadvantages of 
each injury triage method.

Owing to missing data of ‘deaths at the scene or on 
arrival’, we mainly analysed the in- hospital deaths.

Along with the application of SpO2 measurement, 
REMS, T- RTS and TEWS can also be used prehospital,29–31 
which could be further discussed.

In addition, we did not analyse the consuming time of 
different triage methods because of lacking essential data.

Because of the lack of actual data, we were not able to 
compare predicted and actual cases by different triage 
methods.

CONCLUSION
The structured method of assessing priorities for care 
based on the seriousness of each patient’s condition is 
known as emergency triage. The primary goal of triage 
is to ensure that patients receive the most suitable level 
of treatment based on their health condition, with a 
particular emphasis on patients who are at a higher risk 
of dying. The START technique, CareFlight, REMS, 
T- RTS and TEWS are five injury triage methods used to 
help assess patients at risk of dying in hospital and, thus, 
they support the allocation of reasonable resources, with 
the REMS method found to be superior in this aspect 
to the other four methods. The REMS method demon-
strated that it had the highest value in predicting hospital 
deaths among the five injury triage methods. It had an 
AAUC of 0.835, with the high accuracy of its predictions 
mainly due to the inclusion of more evaluation indica-
tors. However, in assessing patients’ ISSs or whether 
they needed to be admitted to the ICU, none of the five 
injury triage methods was found to be ideal, with further 
research needed.
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