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Background: Triage is an initial important step in emergency medical rescues for mass casualty incidents, and different triage systems are used in practice. However, quantitative analysis-based evidence comparing these triage systems in mass casualty incidents is limited.

Objective: To compare the performance of three triage systems, simple triage and rapid treatment (START), abbreviated scoring method for combat casualty (ASMcc), and sort assess lifesaving interventions treatment/transport (SALT) system, for simulated disaster patients, as assessed by medical undergraduate students.

Methods: Medical undergraduates were recruited and randomly divided into three groups to evaluate the performance of the three triage systems by using simulated disaster patient cards. The triage time, accuracy, and overtriage and undertriage rates were analyzed among groups. Furthermore, a questionnaire survey was used to investigate the responses of the participants regarding learning, practice, and satisfaction among the three triage systems.

Results: A total of 30 participants were included in the study. The participants were male medical undergraduate students with a mean age of 20.73 ± 0.45 years. ASMcc had the highest accuracy of 75% with the lowest over-triage rate of 20%, SALT had the lowest undertriage rate of 19%, and START had the shortest triage time of 12.68 ± 4.96 min (all P < 0.05). Furthermore, the results of the questionnaire survey showed that START was easy to learn and recall with high efficiency and, among the three systems, had the highest satisfaction ratings from the participants.

Conclusion: The results of the study showed that the three triage systems had their own characteristics and advantages, and they are all suitable for use in mass casualty incidents. Further studies involving more triage systems with data based on real conditions are recommended.
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Background

Triage is an initial and important step in emergency medical rescues for mass casualty incidents (MCIs) (1). In the case of limited medical resources such as medical personnel and emergency medications, the treatment order of the injured is differentiated according to the severity of the injury (2). If the triage is nonstandard and unreasonable, there may be undertriage or overtriage, and either of these will greatly reduce treatment efficiency (3). Therefore, it is important to develop an effective triage system for the rational application of first-aid resources and the optimization of the treatment process of the wounded (4).

Many triage systems have been used in practice for MCIs or disaster rescue worldwide, and they have the common goal of rapid classification of patients for efficient medical care (3). The well-known triage systems include the Simple Triage and Rapid Treatment (START) triage tool, the sort assess lifesaving interventions treatment/transport (SALT) system, the field triage score (FTS), the sequential evaluation method for Massive Hemorrhage, Airway, Respiration, Circulation and Hypothermia (MARCH), the abbreviated scoring procedure method for combat casualty (ASMcc), and the circulation, respiration, abdomen, motor and speech (CRAMS) scale (3–5). Among these systems, the START triage tool is simple and quick, which can be briefly explained as the “30-2-can-do” principle. Due to its simplicity in implementation, this method has been widely used in NATO armies, such as that of America, Australia, Israel (6). The SALT system includes overall evaluations and individual evaluations, which are easy to implement, easy to grasp, accurate and reliable, and it has been widely applied for the assessment of injuries in disaster rescue (7). The ASMcc method is widely used in the Chinese army and is included in the previous and updated Rules for Combat Casualty Care in China. The evaluation indicators for the ASMcc method include respiratory rate, systolic pressure, and Glasgow coma index (8, 9). In the AMSCC, the maximum score is 12. Those with a score of 5 or less are the most critically wounded, 6–9 have severe injuries, 10–11 have moderate injuries. Patients scoring 12 have minor injuries (10).

However, in practice, these triage systems may have many problems, such as parallel methods, different effects, population specificity, age limitations, and diversity of complexity. Furthermore, there is no general consensus on which triage system is better, and quantitative analysis-based evidence comparing these triage systems in mass casualty incidents is limited (5). Therefore, this study aimed to compare the performance of three triage systems, the START, SALT and ASMcc systems, for simulated disaster patients, as assessed by medical undergraduate students. Provide a basis for selecting MCIs classification methods through comparison of effectiveness and evaluation.



Methods


Participants

From May to June 2022, a total of 30 junior undergraduate students majoring in clinical medicine at a military medical school in China were recruited for the study. The inclusion criteria were junior undergraduate students majoring in clinical medicine who had learned certain basic medical and clinical knowledge; participating in the elective course “prehospital first aid technology”; and agreeing to participate in the study. Those who provided incomplete survey data or were not able to follow the study procedure were excluded from the study. The prerequisite courses for students include medical and clinical courses such as “Normal Human Morphology,” “Clinical Introduction,” and “Fundamentals of Diagnosis and Treatment,” with a certain knowledge background, which is essential for learning emergency medical rescues for mass casualty incidents.



Grouping method

The included participants were randomly and equally divided into three groups, A, B, and C, with 10 participants in each group, by using the random number method. The crossover study design was adopted for each group to use the three triage systems by randomized sequence to avoid potential bias on the results (Table 1) (11, 12).


TABLE 1 Sequence procedure of the study.
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Experimental measurement

A total of 30 typical cases of injuries in earthquake scenarios were simulated by using simulated disaster patient cards, which used the earthquake disaster of the Sichuan area as the background. The injuries were mainly crush injury, blast injury, impact injury, psychological stress. The injury positions included head, upper limbs, lower limbs, waist abdomen, chest, back, pelvis and perineum, neck, spinal cord. Furthermore, among the 30 casualties, the proportion of severe (Severe trauma, life-threatening, requiring immediate first aid.), moderate (The injury is not life-threatening temporarily, but needs prompt treatment.) and light (Clear awareness, no life danger, able to walk, no special treatment.) injuries was 1:3:6, which consisted of 3 severe, 9 moderate, and 18 light injuries, with a random order of the patient numbers from P1 to P30 (13). Furthermore, a preliminary experiment was conducted to test the feasibility of the triage process.

All participants systematically studied the three triage systems by a unified short course, and the instructors conducted unified training before teaching.

After learning the three triage systems, each group of participants examined and classified all 30 simulated patients by using the three triage systems, START, SALT, and ASMcc, in sequence according to the presupposed order. The triage results were recorded based on the criteria of the three triage systems, including patient number, triage times, triage outcome.

Undertriage will lead to the delay of initiation of emergency aid and treatment for the more severely wounded and increase the number of potentially preventable deaths. Over-triage will lead to the non-critical patients being classified as needing emergency aid and treatment which results in the consumption of limited medical resources that could have been otherwise utilized for patients that need the interventions. Overtriage has also been associated with increased fatality rate (14).



Questionnaire survey and field interview

A self-developed questionnaire was used to investigate the general demographic information including gender, age and satisfaction of the participants with the three triage systems. The questions about satisfaction included “Q1: What is the level of ease of learning?”; “Q2: What is the level of memorability of the triage system?” and “Q3: What is your satisfaction level with the efficiency of this triage method?”. The answers for the questions used the five-stage scoring method of Linkage, ranking from 1 to 5 (1 is the lowest score for unsatisfied, 5 is the highest score for very satisfied).

Finally, all participants were interviewed face to face and recorded for the following two aspects: “What do you think are the advantages and disadvantages of the three methods? Which triage system is satisfactory?” and “Do you have any further suggestions about the triage system based on your experience?”.

All completed questionnaires were checked by the research staff and missing or unclear responses were clarified before the participants left.



Statistical analysis

IBM SPSS Statistics version 20 (Chicago, Illinois, USA) was used for statistical analysis. Data were presented as [image: image] or frequency as suitable. The measurement data were compared among the three groups with one-way analysis of variance followed by the post hoc pairwise comparison method, and the comparison of enumeration data was performed using the Chi-square test followed by pairwise comparison adjusted by the Bonferroni method. P < 0.05 was considered statistically significant.




Results

A total of 30 male participants who were junior clinical undergraduate students were included in the study. The average age of the participants was 20.73 ± 0.45 years old, and the age difference between the three groups was not statistically significant (F = 2.34, P = 0.116).

According to the triage results, the accuracies of the START, ASMcc, and SALT systems were 60.44%, 74.67%, and 70.22%, respectively. The accuracy of the ASMcc system was the highest, followed by the SALT system. Compared with the START system, the accuracy ratings of the ASMcc and SALT systems were statistically significantly higher (all P < 0.05). Furthermore, the differences in the over-triage rates of 39%, 20%, and 31% among the STRAT, ASMcc and SALT systems, respectively, were statistically significant (all P < 0.05); however, no significant difference was found among the three triage systems in the undertriage rates, which were 21%, 26%, and 19%, respectively. The triage times were 12.68 ± 4.96 min, 17.82 ± 5.13 min and 13.34 ± 3.58 min for the START, ASMcc and SALT groups, respectively, with no statistically significant differences (Table 2). The result data is the completion time of 30 injuries, with an average time of one thirtieth for a single injury. The triage times were 0.423 ± 0.165 min, 0.445 ± 0.119 min and 0.594 ± 0.171 min for the START, ASMcc and SALT groups.


TABLE 2 The comparison results of triage practice among the three methods (n = 30).
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From the results of the questionnaire survey, for the learning of the triage systems, START was the easiest system to learn compared to the other two systems (4.73 ± 0.59 vs. 3.33 ± 1.11 and 4.00 ± 1.13, P < 0.05). Furthermore, the START system had the highest score (4.60 ± 0.63, P < 0.05) for being easy to recall compared to ASMcc (3.27 ± 1.33) and SALT (3.80 ± 1.08). The participants also felt that START was more efficient than the other two triage systems (4.40 ± 0.83 vs. 3.29 ± 1.27 and 4.14 ± 0.86, P < 0.05) (Table 3).


TABLE 3 Results of the questionnaire survey on the use of the three triage systems (n = 30).
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The results of the field interview showed further details on the usage experience of the triage systems from the participants. The participants mentioned that “the START system is fast and easy to use,” “the process of the START system is very clear,” “the ASMcc system is close to the actual situation of the injury,” “the ASMcc system is more complicated to learn,” “the ASMcc system takes longer time during triage,” “the SALT system is more comprehensive,” “when using the SALT system is relatively more challenging to judge.” According to these characteristics, the majority of the participants were most satisfied with the START system (18/30), followed by the SALT (9/30) and ASMcc systems (3/30). Regarding the suggestions for the triage systems for MCIs, some participants suggested that “if we can unify the standards of triage systems, it is not necessary to learn so many triage systems” and “it is hoped that the steps of triage evaluation can be simplified to make the classification faster and better.” They admitted that two of the most important features of a good triage system is its simplicity in performance and high reliability.



Discussion

The results of the study on the performance evaluation of the three triage systems for simulated disaster patients with medical undergraduate students showed that the ASMcc triage system had the highest accuracy with the lowest over triage rate, the SALT system had the lowest under triage rate, and the START system had the shortest triage time. Furthermore, the START system was the easiest to learn and recall with the highest efficiency and satisfaction among the three systems (15).

For MCIs, the triage process is a dynamic procedure, and there is no fixed standard for the triage of mass casualties (16). Many different triage systems are available worldwide and can be classified into two main categories: algorithmic approaches and numerical approaches (17). The algorithmic approach places the injured person in a particular category through a check with each criterion, and if this criterion is normal, proceed to the next.

The numerical approach is to calculate the final score based on each criterion to classify the wounded (18, 19). Although both the START and SALT systems belong to the algorithm approach, their specific standards and the priority of evaluation are different. The ASMcc system is a numerical approach (10). Due to the diversity of triage systems, the triage results, such as accuracy and triage time, are different, which can be verified according to the results of the study. The performance of the three triage systems was compared under the same basis and conditions. From the perspective of the speed of triage, START was the fastest, and the participants in the study provided the viewpoint that it had the greatest simplicity among the three triage systems (4, 20). However, START had the lowest accuracy and the highest over-triage rate. This may be because START mainly utilizes manual operation without the use of sphygmomanometers and other medical equipment for auxiliary evaluation, which is simple but easy to overtriage (21), resulting in a lower accuracy rate.

Compared with the START system, the SALT system had a higher accuracy rate. It was not consistent with the results of a study in a similar earthquake scenario (7), which may be due to those participants having been experienced medical personnel or due to the differences in the conditions of the injuries (22). Due to the different medical and health knowledge reserves of the participants, the judgment on traumatic condition also differs. It is worth mentioning that SALT had the lowest undertriage rate, which may be because it classifies the wounded by simple instructions followed by individual evaluations. The SALT triage system is a dynamic and continuous process that is suitable for disaster rescue scenarios (23).

ASMcc had the longest triage time because it is more complicated and has more evaluation items. However, from the perspective of triage accuracy, ASMcc had the highest accuracy rate. This may be because the classification standard is specific, and it uses a quantitative method by calculating scores to improve accuracy. To improve the triage accuracy, it is necessary to conduct systematic physical examinations and close observations on the wounded, which will definitely take more time during triage (10, 24). A good triage system should balance many factors, including triage accuracy and time, and its developers might also consider its use under specific or diverse scenarios (25).

In MCIs, triage personnel may be professional medical staff, volunteers with basic first aid knowledge, and even displaced persons with no prior experience. Due to different factors, such as specialty and ability, the applicability of different triage systems to the population is also different (26). START uses simple medical knowledge to determine the extent of the injuries by noting if the patients are walking, breathing or conscious. In this study, the START method was more likely to be preferred by the students (with simple medical and health knowledge), because it can be grasped quickly and thus improve efficiency. A study compared START with the SALT system, and the results showed that males preferred START for being easier to learn, while females preferred the SALT system for being more logical, comprehensible, and consistent with traditional medical care (5). ASMcc is more specific and complex, involving respiratory rate, systolic blood pressure and consciousness (Glasgow coma index) (27), which is more suitable for professional medical personnel with clinical experience. In practice, the triage system users should not only consider the particularity of different people and training but also choose specific methods according to the scale and type of events. In addition, it is also necessary to consider the use of existing resources and treatment interventions and take appropriate methods of injury classification into account in clinical practice (28).

The study also had some limitations. First, the study evaluated the effectiveness of the three triage systems, but it did not cover other triage systems. Furthermore, the limitation of the cross-sectional study design and potential bias need to be considered. Therefore, in the study, a randomization method and crossover study design were used to avoid potential bias with quality control measures. Second, the study used a simulated traumatic condition card instead of real patients due to limited resources, which might differ from medical disaster rescue in practice. However, the traumatic condition and distribution of the simulated disaster patients were fully considered to simulate the real situation as much as possible. Third, the participants were recruited from junior undergraduates majoring in clinical medicine with only males included, which might have limited the representativeness of the study population. The junior undergraduate students of clinical medicine were recruited because they had finished relative medical courses according to the semester requirements, were fresh learners on triage of disaster patients and had no prehospital or clinical practice before. For the female participants, the study was limited because most of the undergraduates in military medical school were males. Therefore, further studies with more representative participants, including more triage systems, and evaluation in real practice are suggested.



Conclusion

In MCIs, an appropriate triage system is crucial to effectively classify the wounded, reduce the death and disability rate, and improve the overall treatment efficiency (29, 30). This study evaluated the effectiveness of three triage systems among undergraduate students, and it was noted that they all have their own characteristics and advantages and can be suitable in practice in MCIs. Further studies involving more triage systems with data based on real conditions are recommended.
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