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ABSTRACT

Background: There is limited existing literature regarding triage systems and treatment protocols in disaster situations. We review the hospital triage tool we developed during the May 12, 2008 Wenchuan earthquake

Methods: We performed retrospective analysis of the emergency medical records of 2,283 earthquake victims, including demographic data, waiting times for specific triage levels, and critical casualty waiting times. 

Results: In the two weeks after the Wenchuan earthquake, our hospital treated 2283 patients with earthquake-related injuries.. According to our triage method, patients were divided into five main groups: resuscitation (n=1), emergent (n=5), urgent (n=372), nonurgent (n=1054), and walking wounded (n=406). Median waiting times for medical care were 1, 9, 34, 62, and 87 minutes, respectively.

Conclusions: The Emergency Department of West China Hospital of Sichuan University cared for a multitude of patients with available resources with the use of an effective, efficient and novel triage tool, and provided immediate care to the most critically injured patients. 

INTRODUCTION
On May 12, 2008, at 2:28 pm, the People’s Republic of China was jolted by an 8.0 Richter scale earthquake. The disaster claimed the lives of more than 69,100 victims, and injured approximately 400,000 people, among whom 96,733 patients were evaluated and treated in available hospitals.

The West China Hospital of Sichuan University, a 4300 bed institution located 92 km from the Wenchuan earthquake epicenter, evaluated 2283 victims from the province’s disaster areas in the first 15 days of the aftermath. The West China Hospital Emergency Department performed the typical role of any emergency department: it  provided medical care ranging from basic first aid to intense resuscitation to a variety of patients at irregular presentation times. This task was complicated by rampant chaos after the earthquake, with a census that surged many orders above normal.

The triage of mass casualties resulting from a catastrophic earthquake differs from traditional triage situations in critical ways. Mindlessly arranging triage into categories was not our purpose. Our focus was instead to provide efficient and appropriate care to as many people as possible. Because the literature is limited in regard to evidence-based triage algorithms, we reviewed our hospital’s unique triage tool. Our intent is to facilitate the development of guidelines for treating victims of any major disaster.

METHODS
The study period extended from the day of the Wenchuan earthquake to 15 days afterwards (May 12-26, 2008). Patients suffering earthquake-related injuries from the field were classified into one of five categories: 1) resuscitation required (immediately life-threatening) 2) emergent (potentially life-threatening) 3) urgent (nonlife-threatening) (4) nonurgent (stable and nonlife-threatening) and 5) the walking wounded (minor injuries). Patients triaged to each of these categories were evaluated within the time frames outlined in Table 1.

The first step with each patient was to assess the need for immediate resuscitation or emergent care, as determined by the vital signs and level of consciousness, with the goal of identifying the most seriously injured patients requiring the highest level of care which could be provided by our hospital system.

The second step of our triage system differentiated patients on the basis of anatomic injury. All patients suffering from penetrating injuries (but not immediately life-threatening) to the head, neck, torso, and extremities proximal to elbow and/or knee, flail chest, combination trauma with burns, two or more proximal long-bone fractures, pelvic fractures, open and/or depressed skull fracture, paralysis, amputation proximal to wrist and ankle, major burns, or crush injuries were triaged as urgent. 

The third step of our triage system also designated patients as urgent by evaluation of the injury mechanism, potential infectivity, and serum potassium. Victims ejected from buildings, who fell distances >20 feet, who were subjected to rollover in vehicles, who were present in the same room as victims who died, who experienced extrication time >72 h, or who had infected wounds and/or hyperkalemia were also triaged as urgent.

The fourth step of our triage system stratified the remaining injury victims with high risk factors requiring urgent level of care. These factors included age <5 or >55, cardiac disease, respiratory disease, insulin-dependent diabetes, cirrhosis, morbid obesity, pregnancy, immunosuppression, or bleeding diathesis. These patients were triaged as urgent. 

The fifth step identified the remaining patients as nonurgent/walking wounded. 

Data collection
The emergency medical records of 2,283 patients suffering earthquake-related injuries and diseases in our hospital between May 12 and 26, 2008 were reviewed. Victims’ demographic data, waiting times for specific triage levels, and critical casualty waiting times were subject to retrospective analysis.

Limitations
The Emergency Department of West China Hospital treated 2283 patients in the 15 days after the Wenchuan earthquake. Unfortunately, hundreds of victims were lost to our follow-up and could not be included in our analysis of data. Five victims expired en route to our hospital, without having resuscitation, and are not included in the census of the 2283 patients treated by West China Hospital. The gender of 5 patients is unknown. The age of 15 patients was not reported due to unconsciousness. The presentation times of 2 patients were improperly recorded to the registry. Additionally, 443 (19%) patients triaged as the walking wounded left the Emergency Department with their medical records without permission, making it impossible for us to follow up on their outcomes. 

RESULTS
Demographic Characteristics of Casualties

From May 12-26, 2008, a total of 15 days after the Wenchuan earthquake, the West China Hospital Emergency Department treated 2283 patients, of which 1130 patients were male (50%), and 1148 patients were female (50%). Male patients averaged 42 ± 21 years old, while females averaged 45 ± 23 years (Table 2).

Deaths for Different Patient Triage Levels. 

In the study period, 5 died en route to the hospital, and 10 patients died in the hospital. One casualty required resuscitation and expired from refractory ventricular fibrillation caused by hyperkalemia. Of 5 patients requiring emergent care, 1 patient died from massive head trauma during the 7th in-patient day, and 4 patients survived. The remaining 8 deaths were triaged as urgent. Three had crush syndrome, 2 had septicemia, and 3 had brain hemorrhage.

Median Waiting Time for Different Patient Triage Levels

The median waiting time for treatment for each triage level are shown below in Table 3. The median delay for urgent patients was 34 minutes, while the median delay for “nonurgent” patients was 62 minutes. Table 4 shows the condition / status of the 378 patients characterized as “resuscitation," “emergent," or “urgent” in Table 3. The median time to treatment of hyperkalemia was 15 minutes. The median waiting time for transfer to the operating room or the intensive care unit was 38 minutes and 30 minutes, respectively. 
Cross infection 

We sent 2135 wound culture smears from 1832 victims. Gram positive bacillus was found in 134 victims’ wound secretions, of which 113 (5%) were considered infectious. Twenty-one (1%) samples revealed Clostridium. By definitive culture, 25 persons were positively identified as having clostridial myonecrosis. By using this microscopic examination and triage tool, we successfully controlled the Clostridium cross-contamination rate, which occurred in no patients in the Emergency Department, and 8 in-patients. 

Treatment of nonurgent casualties and the walking wounded. 

The majority (83%) of the Wenchuan earthquake casualties did not need critical care in the West China Hospital Emergency Department. Eight hundred forty-nine patients were identified as the “walking wounded," patients with minimal injuries not requiring critical intervention. These persons often arrived at the local hospitals first, approached available medical staff members asking for help, and walked around in the Emergency Department. Approximately 10-15 days after the Wenchuan earthquake, we witnessed decreased casualty numbers and decreased triaged-urgent total patient ratios, but increased waiting times (Table 5). The most important reason for this trend is the increased ratio of nonurgent and walking wounded patients who presented to the Emergency Department for treatment. This phenomenon slowed our patient evaluation times and delayed treatment for critically injured victim. 

DISCUSSION
During a mass casualty event, insufficient personnel, facilities, and supplies can spell imminent collapse for a healthcare system inundated with thousands of casualties. Therefore, a “disaster mode” must be planned accordingly and executed when necessary.

The position paper of the Society of Critical Care Medicine on the triage of the critically ill outlines a medical disaster-response model and states that patients deemed to have at least a 50% probability of survival with treatment should receive medical care12. This decision followed the 1995 Kobe, Japan earthquake and was made with no immediate source of standard care. Clearly, when casualties are few and many hospitals remain in operation, as in the 1994 Northridge earthquake, the Society of Critical Care Medicine’s recommendations could be fulfilled. Unfortunately, the Wenchuan earthquake claimed the lives of more than 69,100 persons. It also destroyed all local hospitals. With mass casualties and limited hospital treatment centers, such recommendations are not realistic. 

The mass casualties of the Wenchuan earthquake made it very clear no single institution can care for all the injured. Mass casualty disasters overwhelm even the largest trauma centers. No feasible triage can handle thousands of victims. Additionally, the physical location of triage would likely occur in a secured, safe area outside hospital confines (e.g. in an expanse outside the Emergency Department) to prevent overwhelming existent healthcare facilities. Our triage occurred in the parking lot outside the Emergency Department.

The type of damage caused by a catastrophe alters patient presentation time, the method of transportation, and patient characteristics as well. Many patients may be buried under collapsed buildings, delaying presentation until many hours or days after injury. Patient transport time may not be correlated with patient injury acuity. Seismic activity distributes over a very wide area. As a result, hospitals far from the quake epicenter can expect to receive patients, even shortly after the earthquake. In our experience, the local Wenchuan hospitals were destroyed. With nowhere to go, thousands of victims were sent to West China Hospital. 

In a mass casualty, such as an earthquake disaster, care must first be given to those most likely to survive. This differs from the traditional triage in which precedence is given to the most critically ill. This shift of care is related to available personnel and resource scarcity in a situation where potentially thousands of patients require medical attention. When demand for medical care overwhelms available resources, the goal must be “The greatest good for the greatest number.” Critically injured patients with a low probability of survival may not receive resources, because the massive resources invested are likely to yield little positive result. For example, cardiopulmonary resuscitation, blood transfusions, or endotracheal intubation are generally not performed unless sufficient resources are available to sustain the resuscitation effort without jeopardizing the lives of other victims. Persons needing these types of care may be considered lost. Emphasis must be placed on a triage scoring system maximizing casualty survival with efficient equipment use, and minimizing victim waiting time for treatment.3
Triage system criteria of patients who need immediate care. 

As the first triage selection criteria reported in the literature4, physiologic data, including vital signs (heart rate, blood pressure, temperature, respiratory rate) and level of consciousness assessment, were rapidly assessed in our patients and served as the initial triage stratification tool in our system. The Glasgow coma scale (GCS) was introduced to assess central nervous system functional status5. The motor component of the GCS has been found to correlate best with total GCS score, so GCS score has been shown to be more effective than the Injury Severity Score in predicting mortality.6
Published trauma severity scoring systems facilitated our triage process. 

These scoring systems are based on physiologic and anatomic data, and mechanism of injury.7 Our second triage step assessed anatomic criteria. A rapid physical examination revealed injury patterns that signified significant injury (including multiple long bone fractures, etc). Our third triage step assessed mechanisms of injury, and two additional laboratory result criteria (see below). By the second and third steps of triage, we triaged approximately 20% of patients as urgent, having only 34 minutes elapsed.

Extremity trauma (especially to the lower extremities) was the most common injury seen in our earthquake victims. Moreover, crush injuries and prolonged compression of limbs are the most important types of trauma encountered in earthquake victims8, 9. Crush injury potentially results in the crush syndrome, with rhabdomyolysis inducing myoglobinuric acute renal failure.10, 11 Hyperkalemia manifests within hours of the rescue with concomitant renal failure, which often results in death unless treated aggressively. One of our study’s casualties died suddenly in the Emergency Department of refractory ventricular fibrillation due to hyperkalemia. For this reason and because bacillus-caused gas gangrene is a frequent complication of seismic events, we added two Emergency Department laboratory tests to the triage algorithm: serum potassium level and wound smear gram stain/culture. Each test can be performed within 2 minutes. Hyperkalemic patients (especially those with serum K>7 mmol/L) were urgently transferred to inpatient medical beds, with dialysis unit alert. Wound culture gram stain divided patients with contamination potential (and requiring airborne precautions) and those without. The combination of these two tests with our stratification scheme improved the sensitivity and specificity of our triage tool, and shortened Emergency Department waiting time for all patients by rapidly establishing a disposition for these relevant patient subsets.

Nonurgent Patients and Walking Wounded. 
Our fourth triage screening tool screened patient age, preexisting co-morbidities, environmental exposure factors, and Emergency Department waiting area re-assessment findings. Osler et al12 reported that the elderly, when controlled for degree of injury, are six times more likely to die than younger victims. The effect of age in the pediatric population is less clear. Preexisting co-morbidities, such as cardiac or pulmonary disease, also have been shown to impact morbidity and mortality13-15. Unfortunately, a complete medical history is difficult to obtain in the absence of a medical bracelet/ID or alert and cooperative patient/family members. Environmental exposures are critical triage elements to consider; hypothermia and hyperthermia have been associated with increased morbidity and mortality16-19.
Finally, the judgment and reassessment of patient condition by an Emergency Department physician has been shown to be as effective in accurately predicting triage needs as many existing tools and scoring systems.20, 21 Eighty-three of the Wenchuan earthquake victims did not need critical care in our Emergency Department. This is representative of the majority of survivors of mass casualties. The “walking wounded," those with minimal injuries not requiring critical evaluation, usually arrive at local hospitals first. It was our experience that this patient subset often approached all available staff members for help, ambulated around the emergency department, and caused noiseful disruption. 

Four hundred forty-three patients were ultimately unaccounted for in this study and are subsequently not internalized in our data analysis. They left the Emergency Department premises, taking with them their medical records, and were untraceable. It is our recommendation that every effort be made to prevent this problem from occurring in future disaster situations, because this patient subset strained already limited resource and staff, and delayed treatment of more critically injured patients. A collective review of 10 recent disasters (terrorist bombings) shows that the over-triage of these less critically injured patients has been correlated directly with increased mortality of remaining patients22. In this review, 10~15 days after Wenchuan earthquake, both total Emergency Department patient census and urgent care ratio decreased, but the waiting time for care of severely injured patients increased. We believe the most important reason is that the ratio of nonurgent and walking wounded patients increased. Therefore, we emphasize that in a disaster medical triage system it is not only very important to give treatment to the most critically ill persons immediately, but also important to triage the walking wounded out of Emergency Department soon.

CONCLUSION

In the calamity of the Wenchuan earthquake, the Emergency Department of West China Hospital of Sichuan University automatically shifted operations into disaster mode. The emergency department serving as the triage area in an ongoing disaster region must emphasize efficient, effective management of patients who have survivable injuries. By adhering to our novel triage system, the West China Hospital of Sichuan University was able to care for a multitude of patients with available resources effectively and efficiently. 
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TABLE 1: Five-Level Triage System

Triage Level Patient should be treated within:

1-Resuscitation Level 1-0 minute

2-Emergent care Level 2-10 minutes

3-Urgent care Level 3-30 minutes

4-Nonurgent care Level 4-60 minutes

5-Walking wounded Level 5-120 minutes

TABLE 2 Demographic Characteristics of Casualties

[image: image1.emf]Sex Number Ratio  Age

Male 1121 49 42 ± 21

Ratio (%) 1147 51 45 ± 23


Table 3: Waiting times by triage level

	Level
	Number
	Ratio (%)
	Median waiting time (min)

	Resuscitation
	1
	0.05
	1

	Emergent
	5
	0.27
	9

	Urgent
	372
	20
	34

	Nonurgent
	1054
	57
	62

	Walking wounded
	406
	22
	87

	Total
	1838
	
	


Table 4: Waiting times for all urgent patients.

[image: image2.emf]Level Number Ratio Median Waiting Time

Resuscitation 1 0.26% 1

Emergent Care 5 1.32% 9

Flail Chest 22 6% 43

Hyperkalemia 26 7% 15

Operation 294 78% 38

Intensive care 30 8% 30

Total 378


Table 5: Decrease in critically injured patients over time.

[image: image3.emf]Day

Total 

Patients Critical Noncritical

Median waiting 

time (m)

1 147 18 (12%) 129 88

2 196 37 (19%) 159 61

3 306 60 (20%) 246 43

4 255 60 (24%) 195 53

5 154 27 (18%) 127 20

6 190 44 (23%) 146 25

7 191 37 (19%) 154 22

8 138 25 (18%) 113 29

9 246 35 (14%) 211 28

10 140 12 (9%) 128 60

11 94 6 (6%) 88 47

12 43 5 (12%) 38 30

13 49 4 (8%) 45 18

14 52 3 (6%) 49 34

15 80 5 (6%) 75 20
































