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Abstract

BACKGROUND: On May 12, 2008, an earthquake measuring 8.0 on the Richter Scale occurred in Wenchuan County, Sichuan Province, China. Many anesthesiologists were caring for patients in ORs at the moment the earthquake hit. Their experience offers guidance for establishing earthquake crisis management guidelines for anesthesiologists as well as for training courses for managing natural disasters.

METHODS: From September 10 to November 15, 2008, we surveyed anesthesiologists working in operating rooms (ORs) in hospitals situated in Sichuan Province at the time of the earthquake. The survey consisted of a structured 64-item questionnaire.

RESULTS: We analyzed 220 responses. The data show that after the first wave of the earthquake two ORs had collapsed and 20 others had been severely damaged. Sixty percent of ORs suffered nonstructural damage. Among the damage reported, 25% of the motor-operated doors failed to open, 34% of ORs lost electricity, and 26% lost oxygen supply. Of the anesthesiologists who responded, 83% did not leave their duties, even though 62% experienced fear and a sense of helplessness. No significant differences in psychological effects were found between the residents and the attending physicians. Immediately after the first wave of the earthquake, 22% of surgical procedures were ended more quickly than originally planned, and 62% of patients were evacuated.

CONCLUSIONS: An intense earthquake poses severe challenges to an anesthesiologist working in the OR. It is necessary to establish appropriate earthquake crisis management guidelines and corresponding training courses to address the critical issues encountered by anesthesiologists as the result of an earthquake.

Introduction

Anesthesiologists often have to manage life threatening crises which arise with little or no warning.1,2 Crisis management is recognized as one of the basic skills required by anesthesiologists. Poor management of a crisis in the operating room (OR) may put the patient’s life in danger. However, current protocol of crisis management for anesthesiologists deals mainly with patient safety.3,4 In the event of a natural disaster, the lives of the medical staff may be endangered as well.5,6 Anesthesiologists are not generally taught crisis management in medical school and usually obtain this skill, if at all, by participating in the various crisis resource management courses offered by medical simulation centers or from direct experience.

 Earthquakes are rare natural disasters which interrupt the normal course of life, widely affect the availability of resources, are very difficult to precisely predict, and are utterly beyond human control. They also have the potential to create large-scale crises for any community.7 China is situated in one of the most active seismic regions in the world and has been plagued by incredibly destructive quakes during its long history. On May 12, 2008, an earthquake measuring 8.0 on the Richter scale struck Wenchuan County, 92 km northwest of Chengdu, the capital of Sichuan Province. The quake struck at 14:28 Beijing time and affected 434 counties in 12 provinces and municipalities. It led to 69,197 deaths and 374,176 injuries, with 18,222 people reported missing as of July 20, 2008.8 The epicenter of the Wenchuan earthquake included central and northern Sichuan (Aba Prefecture), Mianyang, Deyang, Guangyuan, Dujiangyan, Chengdu and Ya’an.9
There are many hospitals, both public and private, in Sichuan.10 Many anesthesiologists were caring for patients in the OR at the moment the earthquake stuck. The first-hand experience they gained will be invaluable in handling future crises of this kind. 

After the earthquake we collected information from anesthesiologists who experienced the Wenchuan earthquake and identified some key issues anesthesiologists faced. These issues may help guide preparedness programs for future earthquake. 

Material and Methods

The study was approved by the IRB of West China Hospital (Chengdu, Sichuan), Sichuan University Human Research Ethics Board, and the Medical Society of Sichuan Province. Experts in anesthesiology and statistics worked together to design a questionnaire. It consisted of 64 items in 3 sections. The first section consisted of crosscheck data concerning the anesthesiologists’ personal information, basic characteristics of the hospital, and structural and nonstructural damage caused by the earthquake. The second section dealt with the psychological impact on the anesthesiologists and their first reactions. The last section consisted of knowledge gained and suggestions proposed by anesthesiologists who experienced the Wenchuan earthquake in ORs. 

Our plan was to conduct our investigation in the areas of Sichuan province most severely affected by the earthquake. Based on data provided by the Health Administration Bureau of Sichuan Province, there were 237 public hospitals with anesthesiology departments in this area. A letter was sent to the heads of the anesthesia departments of these hospitals to obtain agreement for participation in the survey. If no response was received within one month, a second letter was sent. If no response was received within a month of the second letter, the hospital was withdrawn from the survey. The hospitals involved in our study were divided into two grades: large public hospitals (more than 500 beds) and middle-sized public hospitals (between 100 beds and 500 beds).

All questionnaires were distributed to those hospitals that responded and agreed to participate in the survey. Two questionnaires were sent to each large public hospital and 1 questionnaire was sent to each middle-sized public hospital. Questionnaires were mailed to the heads of the anesthesiology departments of the participating hospitals between September 10-20, 2008 and were collected between October 8-November 15, 2008. Only those anesthesiologists working in ORs at when the earthquake struck were invited to answer the questionnaires.

Data Analysis

All data was entered into Epidata (The EpiData Association, Odense, Denmark). Percentages are presented with denominator (total number) and numerator (number of patients with the studied characteristic) and are rounded to the nearest integer. 

Results

Among the 237 hospitals first contacted, 5 of the large public hospitals and 12 of the middle-sized public hospitals failed to respond to the two successive solicitations. Therefore, 262 questionnaires were posted to the heads of the anesthesiology departments of the remaining 220 hospitals, which consisted of 42 large public hospitals and 178 middle public hospitals. We received 228 answered questionnaires (87%) from 193 hospitals (70 from 35 of the large public hospitals and 158 from 158 of the middle-sized public hospitals). We excluded 8 of the questionnaires (3.5%) from the data analysis because more than 20% of the items remained unanswered. Finally, 220 questionnaires were analyzed, 35% of them coming from hospitals at the epicenter. The average age of the anesthesiologists involved in this survey was 36.1 ± 8.6 years (range: 23-61), comprising 147 males and 73 females, 86 of whom were residents and 134 attending physicians. The details of the anesthesiologists’ and of the hospitals’ information are shown in Table 1.

According to our investigation, 81% of patients under the care of the anesthesiologists were undergoing anesthesia with 65% in the middle of the surgical process when the earthquake struck. General anesthesia was being used in the majority of the patients (84%), with 82% of them being supported by mechanical ventilation. The balance were under local anesthesia with spontaneous respiration.

Structural and nonstructural damage caused by the earthquake

In our investigation, we found that 2 ORs, located at the epicenter had collapsed. Twenty of the investigated ORs had severe damage with broken walls. Ninety-eight (45%) ORs had motor-operated doors, 26% of which were severely damaged by the first wave of the earthquake and could not be opened. Sixty percent of ORs had nonstructural damage including damage to operating lights (20%), anesthesia machines (19%) and monitors (27%).  Thirty-four percent of the investigated ORs suffered complete loss of electricity (52% at the epicenter and 26% elsewhere), while 26% of them experienced a complete loss of oxygen supply (37% at the epicenter and 21% elsewhere) (Table 2).

Psychological impact on and immediate actions of the anesthesiologists

Data from our 220 questionnaires revealed that there were more than 599 surgeons, 352 anesthesiologists, and 422 nurses working in ORs when the earthquake struck. Four surgeons, 6 anesthesiologists, 5 nurses, and 1 patient were injured during the earthquake. More than 80% of the medical staff remained with their patients in the OR when the earthquake struck. There were no differences in the percent remaining in the OR among anesthesiologists, surgeons, and nurses. Of the anesthesiologists (83% of the total number) who chose to stay in the OR, 24% sheltered under the operating table, 25% beside the operating table, 36% in the corner of the room, 16% beside the door with just 2% remaining stationary. Of the anesthesiologists surveyed, 17% of the total number said that they fled from ORs, 15% of them stood in the hallway, 76% sheltered in the toilet, and 3% stayed in their office.  Sixty-two percent of anesthesiologists said they experienced a feeling of fear and helplessness when the earthquake hit, 30% of them said they merely felt nervous, while 8% reported staying calm and confident. Sixty of the 220 anesthesiologists surveyed (27%) had received previous training for earthquake or fire emergencies. Those who had received this training reported feeling calmer (40% vs. 23%), more confident (13% vs. 2%) and less helpless (22% vs. 78%) than those who had not received this training. Compared with their female counterparts, male anesthesiologists reported feeling more confident (7% vs. 0%) and less helpless (37% vs. 63%). There were no significant differences reported between the residents and the attending physicians regarding their calmness during the earthquake strike. In relation to their main concerns when the earthquake struck, residents, when compared to attending physicians, were more concerned about the collapse of ORs (71% vs. 55%) than other issues of staff and patient safety (19% vs. 38%). Within 10 secs of the beginning of the quake, 65% of the anesthesiologists realized they were experiencing an earthquake, no significant differences in this realization were found in relation to gender, staff positions or training experience. The details of anesthesiologists’ responses to the earthquake are shown in Table 3.

Immediately after the first wave of the earthquake, 39% of the anesthesiologists surveyed opened the door, 39% checked the anesthesia machine, 22% advised the surgeon to quickly end the operating procedure, 62% immediately transferred the patients to the outside of the building, while 10% immediately contacted the department head. When compared to the anesthesiologists without previous training for fire or earthquake management, more of those who had this training tended to check the function of anesthesia machines and monitors (53% vs. 33%) and were more likely to communicate with the surgeons after the earthquake (30% vs. 19%) (Table 3) 

Knowledge gained and suggestions for crisis management in ORs.

In the survey, we asked anesthesiologists for insights on what they had learned from the Wenchuan earthquake.  Ninety-seven percent of the anesthesiologists answered that in the event of another earthquake, rather than evacuate immediately, they would remain in the OR with the patient if the patient were undergoing general anesthesia without spontaneous breathing.  Thirty-nine percent would reduce the oxygen supply to prevent fire. Eighty-one percent would immediately replace the ventilation machine with an Ambu bag.  Fifty-eight percent would use basic approaches to check for vital signs. In order to efficiently manage future natural disasters, such as earthquakes, 90% of anesthesiologists, agreed that specific crisis management guidelines together with corresponding training courses should be established.

Discussion

There are a number of immediate problems that anesthesiologists have to address when an earthquake strikes. Structural damage poses one of the most immediate threats to the lives of medical staff and patients.11 An earthquake of a magnitude of more than 7.0 on the Richter scale leads to widespread building collapse.12 In addition, the act of remaining within the building causes a 3.8 fold increase in the incidence of injury and death.13 In our survey, two ORs located at the epicenter had collapsed. But, in actual fact, there were many more ORs destroyed than our survey suggests. Because only 36.5% of those ORs located at the epicenter were involved in our survey and because information could not be obtained from buried hospitals, our survey underestimated the incidence of OR collapse. Moreover, some of ORs that did not collapse incurred severe damage. 

One particular form of damage calls for special attention: the damage to motor-operated doors resulting in their failure to open after the earthquake. Our survey showed that 25% of these doors could not be opened after the first wave of the Wenchuan earthquake, either because of electrical faults or structural damage. Jammed doors may block the evacuation path for the medical staff working in the OR and prevent patient transfer from the OR.

Many anesthesiologists decided to remain in ORs placing duty to their patients above their own safety.14 However, about 15% of anesthesiologists left the OR and left their patients alone inside. As remaining in a building at the moment of an earthquake is the strongest predictor for death,15 their desire to escape is understandable (they may claim that they want to save their own lives so that they could assist more victims later on.) However, our society does not accept this behavior. A patient undergoing general anesthesia with mechanical respiratory support would immediately be endangered without the anesthesiologist’s care, a situation worsened by the interruption to the electricity or central oxygen supply. Our survey indicated that 20-40% of ORs lost electricity, oxygen supply, or both. 

The medical teams working in ORs had to make tough decisions after such an intense earthquake. Should they transfer patients under general anesthesia to a safe place? If they decided not to transfer the patient, should they cut short the surgery? Our survey showed that over 60% of the patients undergoing operations were evacuated immediately after the earthquake and that the surgical procedures of 30% of patients’ were terminated prematurely. 

Transferring patients itself poses difficulty, particularly since most ORs are not on the ground floor. Elevators commonly could stop working, particularly if the electrical power fails. Manually transferring the patients is difficult if the patient must be transported via stairs to different floors. This clearly increases the risk of infection to the patient and injury to both the patients and the medical staff.  Moreover, because of the lack of monitors and life support facilities outside ORs, moving patients still under the effects of anesthesia poses additional risks of unmonitored ventilatory or cardiovascular collapse. Therefore, we feel that it is not advisable to transfer the patients if there are no signs of building collapse. It is debatable whether surgical procedures should be interrupted. Some surgeons found it very difficult to make this decision. Anesthesiologists should support the surgeon and consider the patient’s best interests. 

Our survey showed that anesthesiologists sheltered in several places in ORs at the moment of the earthquake, such as in the corner of the room or beside the door. In some cases, they simply remained frozen in place, which suggests that many anesthesiologists did not understand how to shelter when the earthquake stuck. Our results also showed that training experience greatly influenced the degree of psychological impact on the anesthesiologist. Anesthesiologists with prior emergency training were more calm and confident. Thus, there is an urgent demand for the introduction of earthquake crisis management guidelines for anesthesiologists and for the establishment of appropriate training courses. 

From the results of our survey, together with results of literature searches, we propose that the following key issues should be included in both the guidelines and the training course.

1. Anesthesiologists working in ORs must immediately assess the likelihood of imminent building collapse based on the intensity of the earthquake and the stability of the building. If building collapse is likely, a nurse should open the door while anesthesiologists and surgeons cover patients with surgical drapes and evacuate patient and personnel to the outside of the building.16 The anesthesiologist must take care of the patient’s ventilation and assume responsibility for his or her life. Nowadays, many ORs are located on the higher floors of the hospital buildings. According to our current knowledge of earthquakes, buildings normally collapse within 12 seconds of an intense earthquake strike17 and elevators become inoperable, making it almost impossible to transfer the patients in such a short time. Therefore, we think the safest strategy is to cover the patient and put him or her on the floor beside the operating table because there is evidence that being placed next to a strong object is safer than taking cover under it.18 Surgeons and nurses may choose to evacuate themselves to the toilets or some small rooms while the anesthesiologist stays beside the operating table with the patient. If the patient is breathing spontaneously, the anesthesiologist should consider leaving after the patient has been placed in a relatively safe place, but that he or she must return to the patient as soon as possible if the building has not collapsed. 

2. If there are no signs of building collapse, all medical staff working in the OR should stay calm. The anesthesiologist has to be aware of the risks involved in the unnecessary transfer of the patient. Even when a building is strong, operating lights, anesthesia machines, cabinets and trolleys may fall to the floor, injuring the medical staff or the patient.19 

3. The anesthesiologist should be alert to the failure of monitors and anesthesia machines, either due to the electricity being cut-off, the central oxygen supply being interrupted, or oxygen cylinder meters being damaged. He or she should also make sure that there are Ambu bags (Ambu A/S, Ballerup, Denmark) available. Also, it is critical to have a flashlight handy. 

4. When the first wave of the earthquake has passed, the anesthesiologist, together with the other medical staff (in particular the surgeon), should reassess the problems and re-evaluate the risks of continuing the surgery. 

5. We propose the surgical process should be stopped if the building is severely damaged or if there has been an interruption to the electricity or oxygen supply, because one can never be sure whether there may be another wave as powerful as the first, as was the case during in the recent earthquake in Indonesia.20  

6. After the earthquake, it is important to discuss the immediate decisions made during the earthquake regarding the care given to protection of the patient. 

7. In the following days hospitals become very busy dealing with earthquake victims, and thus elective surgery should be postponed until the acute needs have been addressed. 

In conclusion, there are many challenges that an anesthesiologists working in the OR face when an intense earthquake strikes. They must continuously assess the risks and make quick decisions. The experience gained from the Wenchuan earthquake enables us to address the key issues facing anesthesiologists when faced with natural disasters.
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Table 1

Basic characteristics of the anesthesiologists and hospitals that participated in the survey

Anesthesiologists (n = 220)

Male/Female (n) 

147/73

Average age (mean± SD) 
36.1±8.6

Positions 

Residents

39%

Attending physicians 
61%

Work experience in Anesthesiology

<5 yr



44%

5-10 yr



39%

>10 yr



18%

Hospitals (n=193)

Large public hospitals

18%

Middle public hospitals
82%

Located at the epicenter* 
35%

*the central and northern Sichuan regions of (Aba Prefecture), Mianyang, Deyang, Guangyuan, Dujiangyan, Chengdu and Ya’an

Table 2

Structural and nonstructural damage caused by the earthquake

Epicenter *

Nonepicenter

    (n=68) 

     (n=152)

Structural damage

Collapse 


3%


0%

Severe damage 

25%


2%
Minor or no damage

72% 


98%


Motor Operated Doors
72%


98%

Damage to Doors

Motor-operated 

28%


45%

Failure of motor-operated

door to open (n)

53% (n=19)

19% (n=69)

Nonstructural damage

Anesthesia machines

24%


16%

Monitors


32%


24%

Operating lights 

46%


7%

Medicine cabinets 

10%


8%

Other** 


7%


13%

Other failures

Central oxygen supply 
78%


75%

Oxygen in OR


37% 


21%

Electrical power

52%


26%

*the central and northern Sichuan regions of (Aba Prefecture), Mianyang, Deyang, Guangyuan, Dujiangyan, Chengdu and Ya’an

** air conditioning equipment, disinfecting cabinets, clocks, and oxygen cylinders 
Table 3

Impact and actions of anesthesiologists when the earthquake struck (n=220). Percentages shown are those of the category (column). 
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* percent of those individuals in that category who remained in the operating room

** percent of those individuals in that category who evacuated the operating room. 

OR = operating room

