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Abstract. The Tokyo subway sarin attack was the 
second documented incident of nerve gas poisoning in 
Japan. Prior to the Tokyo subway sarin attack, there 
had never been such a large-scale disaster caused by 
nerve gas in peacetime history. This article provides 
details related to how the community emergency 
medical services (EMS) system responded from the 
viewpoint of disaster management, the problems en- 
countered, and how they were addressed. The au- 
thors’ assessment was that  if EMTs, under Japanese 
law, had been allowed to maintain an airway with an  
endotracheal tube or use a laryngeal mask airway 
without physician oversight, more patients might 
have been saved during this chemical exposure dis- 
aster. Given current legal restrictions, advanced air- 
way control at the scene will require that doctors be- 
come more actively involved in out-of-hospital 

treatment. Other recommendations are: 1) that inte- 
gration and cooperation of concerned organizations be 
established through disaster drills; 2) that poison in- 
formation centers act as regional mediators of all tox- 
icologic information; 3) that a reaI-time, multidirec- 
tional communication system be established; 4) that 
multiple channels of communication be available for 
disaster care; 5) that public organizations have access 
to mobile decontamination facilities; and 6) that res- 
piratory protection and chemical-resistant suits with 
gloves and boots be available for out-of-hospital pro- 
viders during chemical disasters. Key words: sarin; 
disaster medicine; chemical warfare agents; emer- 
gency medical services; EMS; international medicine. 
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HE TOKYO subway sarin attack was the sec- T ond documented incident of nerve gas poison- 
ing in Japan. The first mass public exposure to  
sarin (methyl phosphonofluoridic acid l-methyl- 
ethyl ester) gas occurred in the city of Matsumoto 
in June 1994.’ From a worldwide historical per- 
spective, the Tokyo subway sarin attack represents 
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the largest disaster caused by nerve gas in peace- 
time history. Until these episodes, a terrorist at- 
tack with chemical warfare agents in a public set- 
ting was incomprehensible. Indeed, the Japanese 
believed that the Tokyo subway system was the 
safest transportation system in the world. As a re- 
sult of this attack, many problems were encoun- 
tered and the Japanese have been forced to  radi- 
cally alter their approach to disaster management. 

We previously published a preliminary report 
on the Tokyo subway sarin attack.2 The current ar- 
ticle provides further detail related to how the 
community emergency medical services (EMS) sys- 
tem responded from the viewpoint of disaster man- 
agement, the problems encountered, and how they 
were addressed. Companion articles address the 
hospital response3 and the national and interna- 
tional responses4 related to this event. 

NATIONAL AND REGIONAL EMS SYSTEM 

In Japan, disaster planning is based on the “fun- 
damental law of disaster management.” This law 
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TABLE 1. Patient Transport to St. Luke’s International 
Hospital in Tokyo, Japan, after Sarin Gas Release 

Mode of Arrival Number of Cases (8) 

On foot 174 (34.9%) 
Taxi 120 (24.1%) 
Car (passing good samaritans) 
Car (Tokyo Metro Fire Department) 

67 (13.5%) 
64 (12.9%) 

-excluding ambulances 
Ambulance 
Police patrol car 
Others 

TOTAL 

35 (7.0%) 
7 (1.4%) 
31 
498 

basically covers regional disaster planning and its 
management. In the Tokyo metropolitan area, the 
Tokyo metropolitan government is responsible for 
the regional disaster plan and its management. 
The Tokyo regional disaster plan is intended to 
provide initial medical rescue and backup support. 
Under this disaster plan, the Tokyo Metropolitan 
Fire Department (TMFD) is responsible for: 1) se- 
lection of the hospitals in which victims are to be 
taken; 2) transportation to supporting backup hos- 
pitals; and 3) first aid. 

This plan also provides for initial rescue teams 
consisting of staff from metropolitan hospitals, the 
regional medical association, the Japanese Red 
Cross, national hospitals, and public health cen- 
ters. In addition, it includes a wide-area backup 
system involving surrounding prefectures. 

The TMFD is directly responsible for out-of-hos- 
pita1 care in Tokyo. There are a total of 182 emer- 
gency medical teams and 1,650 emergency medical 
technicians (EMTs) in Tokyo to  deal with the needs 
of 10 million people and 5 million households in 
the 1,750-km2 Tokyo metropolitan area.6 Each 
emergency medical team consists of 3 attending 
EMTs, one of whom is an authorized EMT called 
an emergency life-saving technician (ELST). An 
ELST law in Japan established the ELST position 
in 1991. ELSTs may provide some advanced med- 
ical treatment (e.g., airway management with a 
Combitube or laryngeal mask airway, N line 
placement, and cardioversion). By law, the ELST 
is prohibited from carrying out these procedures 
without the permission of a medical doctor. There- 
fore, the ELST must contact a doctor on 24-hour 
call at the Tokyo Metropolitan Ambulance Control 
Center (TMACC) to  obtain the doctor’s consent for 
each medical procedure. Endotracheal intubation 
by an ELST is prohibited by law. In 1995, 6,315 
procedures were performed by ELSTs in Tokyo. 
There is no EMS physician field response system 
in Tokyo in which a doctor would respond to a dis- 
aster site in an emergency vehicle. 

The TMFD has a corps of persons who special- 
ize in chemical disasters (i.e., hazmat teams), who 

have chemical-resistant suits and their own chem- 
ical material analyzers, including an infrared gas 
analyzer and a gas chromatograph-mass spec- 
trometer. 

The Metropolitan Police Department also has a 
laboratory capable of identifjring chemical materi- 
als with a gas chromatograph-mass spectrometer. 

The Japanese Self Defense Forces are con- 
trolled by the Defense Agency, which cannot act 
without the consent of the prime minister (so- 
called “civilian control”). In a disaster situation, 
they can enter the disaster area and carry out res- 
cue only after they have received a request from 
the local government and the consent of the prime 
minister. They basically cannot act spontaneously. 

In Japan, there are only 2 poison information 
centers in the entire country to deal with inquiries 
from a population of 100 million, In Japanese uni- 
versity medical schools and medical colleges, the 
departments of acute medicine, pharmacology, an- 
esthesiology, forensic medicine, public health, and 
hygiene share responsibility for toxicology cases. 
The Japanese Association of Clinical Toxicology is 
a community concerned with poisoning. In Japan, 
there are no independent departments of clinical 
toxicology. 

Although initially overwhelmed by the sarin at- 
tack, the disaster plan and EMS system in Tokyo 
is considered one of the most sophisticated in the 
country. 

ANALYSIS OF PROBLEMS 

Onset of Tokuo Sarin Gas Attack. When the 
first emergency call came to the TMACC of the 
TMFD at 8:09 h, it was reported that there were 
emergency cases at a subway station. Within an 
hour emergency calls came separately from 15 af- 
fected subway stations, and EMTs were dispatched 
to their geographically respective stations. At that 
time the TMACC did not realize that there was one 
cause for all of these calls. 

Out-of-hospital Medical lkeatment. Following 
the sarin attack, 1,364 EMTs and 131 ambulances 
were sent to  the 15 affected subway stations.6 The 
TMFD defined the Tokyo subway sarin attack as 
the largest disaster since World War 11. The 
TMACC was in total confusion because incoming 
information regarding this disaster exceeded their 
ability to manage communications. As a result, the 
EMTs lost radio contact with the doctor at  
TMACC. No victims were managed with a Com- 
bitube or laryngeal mask airway, and only 1 pa- 
tient received an N line (in this case a doctor who 
happened to be present gave the order). All se- 
verely ill patients received intubation and ade- 
quate ventilation only after admission to hospitals. 
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Deployment of Concerned Organizations on 
Site. Within an hour, the police blocked free ac- 
cess around the affected subway stations. At the 
same time they collected specimens and started to 
analyze items left behind at the scene. 

The TMFD established an emergency rescue 
quarter at the affected stations, but by then vic- 
tims who were in the most severe condition, those 
who required endotracheal intubation, had already 
been transported to hospitals. In the emergency 
rescue quarter, “superambulances” (extra-large 
ambulances equipped with 8 beds) and large tents 
expandable with compressed air were set up. 

Within a few hours, the Japanese Self Defense 
Forces were dispatched to  decontaminate the sub- 
way stations and subway trains. 

l‘kiage on Site. Triage was done by EMTs at  the 
affected stations. Victims were evacuated from the 
subway stations to the outside. Among victims 
whom EMTs had initially categorized as mild 
cases, however, there were some whose states 
worsened during transportation.’ 

At the time of the sarin attack, the TMFD had 
its own triage tags, but these were not used for the 
majority of the victims, who went to hospitals 
without the aid of the fire department. 

The TMFD asked the regional medical associ- 
ation for aid. A total of 47 doctors, 23 nurses, and 
3 clerks were sent to the affected stations in re- 
sponse. St. Luke’s Hospital also sent 8 doctors and 
3 nurses. However, by the time they reached the 
affected stations, there were no victims who 
needed emergency procedures including intuba- 
tion. Doctors and nurses were mainly engaged in 
triage of less ill patients at those sites. 

Identiftcation of the Cause Material. About 2 
hours after the initial chemical exposure, infor- 
mation misidentifying the material causing the 
victims’ illness as acetonitrile was provided by the 
TMFD. This information later proved to  be wrong. 
Finally, the police identified the material as sarin 
around 11 AM, because mass spectrum analyzed by 
a gas chromatograph-mass spectrometer was con- 
sistent with sarin in the database of the National 
Institute of Standard and Technology (USA). The 
TMFD and police both made efforts to identify the 
cause material. Although the police at  last identi- 
fied it, this information did not reach hospitals or 
the TMFD directly. Hospitals and the TMFD re- 
ceived the results of the laboratory from television 
news after 11 AM. 

Decontamination on Site. There was no field de- 
contamination of victims on site. Only decontami- 
nation of the affected subway stations and subway 
trains was done by the Self Defense Forces. 

Secondary Exposure of EMl’b. Of 1,364 EMTs, 
135 (9.9%) showed acute symptoms and received 
medical treatment at  hospitals,s which interfered 
with the rescue work. They wore standard work 
clothing without respiratory protection. Most of 
them started to have symptoms during transpor- 
tation, and it is suspected that they were exposed 
in ambulances to the vaporized sarin from the vic- 
tims’ clothes. The ventilation in ambulances and 
minivans at first was poor, because the windows 
were shut. After the EMTs’ secondary exposure ap- 
peared, an order was transmitted to completely 
open the windows of ambulances and to improve 
the ventilation of the emergency rescue vehicles. 

Dansportation of Mctims from the Scene to 
Hospitals. EMTs transported 688 victims to hos- 
pitals by ambulances (452 victims) and minivans.’ 
The rest of them, >4,000 victims, reached hospitals 
on foot or via taxis or private vehicles of good sa- 
maritans. During the period immediately after the 
sarin attack, radio-controlled taxis played a re- 
markable role in the transportation of patients. 
The means of transportation from the scene to St. 
Luke’s International Hospital is provided in Table 
1. Approximately 25% of the victims were trans- 
ported by taxi.g Furthermore, 2 of 3 cardiopulmo- 
nary arrest victims were transported to our hos- 
pital via private vehicles passing a station. 
Appropriate guidance to private vehicles picking 
up the victims was not given by the authorities. 
This, in part, concentrated victims at St. Luke’s 
Hospital. 

Because of the chaotic state in the control cen- 
ter, EMTs were unable to get hospital availability 
information. As a result, some of them had to 
search for available hospitals on their own by us- 
ing public phones. It took until midnight for the 
TMFD to determine how many patients were ad- 
mitted and in which hospitals. 

We also studied the number of victims received 
by St. Luke’s Hospital from each station (Fig. 1). 
Tsukiji Station is the nearest station to St. Luke’s 
Hospital (0.5 km), and the largest number of vic- 
tims arose from that station. However, St. Luke’s 
Hospital received its largest number of victims 
(>2.5 times that from the nearest station, Tsukiji) 
from Kodenma-cho Station, which is 3.0 km from 
St. Luke’s. This clustering of cases likely occurred 
because of insufficient information about where 
and how many victims there were, and where and 
how many victims were being cared for at different 
hospitals. 

Interhospital Dansportation. The emergency 
capacity at St. Luke’s Hospital was almost 
reached. If the number of victims at  St. Luke’s had 
been larger, transfer of victims to  another hospital 
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Figure 1. Victims received at St. Luke's International 
Hospital in Tokyo, Japan, after sarin gas release. 

would have been necessary. We reviewed what 
would have been possible in such a circumstance. 
The TMFD, which should have provided interhos- 
pita1 transportation, could not do so because of a 
shortage of ambulances. A supporting backup sys- 
tem also was not available. 

DISCUSSION 

In the community EMS response, 3 major prob- 
lems were exposed. The first problem was the lim- 
ited out-of-hospital care imposed by EMT practice 
restrictions, the second was a lack of cooperation 
and communication among the organizations con- 
cerned, and the third was a general lack of pre- 
paredness for a chemical disaster, including the 
absence of decontamination at the scene and res- 
cuer protection. 

The ELSTs had the technical ability to optimize 
patient ventilation, but they could not use their 
advanced airway skills because of the legal restric- 
tion requiring prior physician contact. In a situa- 
tion in which the control center cannot be con- 
tacted, it seems advisable for an ELST to use the 
concept of good samaritan actions (or independent 
practice) and practice to  the fullest extent of his or 
her skills. However, the cultural climate of Japan 
does not allow such an approach. EMTs are highly 
hierarchically bound. 

If ELSTs, under the law, had been allowed to 
maintain an airway with an endotracheal tube, 
more patients might have been saved. However, 
from the viewpoint of safety, when intubation is 
performed by poorly prepared personnel or  under 
inappropriate circumstances, the procedure can be 
dangerous. 

Given the restrictions of the ELST law in Ja- 
pan, doctors should be more actively involved in 

out-of-hospital treatment requiring advanced air- 
way care. The presence of a physician on scene 
might permit guidance of EMTs during intubation, 
whether via endotracheal tube or another tech- 
nique. 

During this disaster, the concerned organiza- 
tions acted independently, and there was too little 
communication among them. The adverse effects of 
a vertically-structured EMS system were previ- 
ously noted following the Hanshin great earth- 
quake in January 1995, but the lesson was not 
learned.lo- l2 Regional disaster plans emphasized 
the importance of mutual communication among 
concerned organizations, but a practical commu- 
nication system was not established. Disaster 
drills exist in Japan, and each of the concerned 
organizations in Tokyo performs these drills. How- 
ever, while disaster drills are held regularly by 
each concerned organization, there are no inte- 
grated drills including all of the concerned orga- 
nizations. Integration and cooperation of the con- 
cerned organizations should be established 
through disaster drills. 

Triage in chemical disasters, including nerve 
agents, is not easy, since there is delayed sympto- 
matology that can be consequential. EMTs must be 
educated about the toxicologic aspects of chemical 
disasters. In particular, they should be repeatedly 
given the knowledge of chemical monitoring de- 
vices. Toxicologic education and investigation is 
one of the most important roles of the university 
medical schools and medical colleges, through the 
Association of Clinical Toxicology. These educa- 
tional institutions along with hospitals, laborato- 
ries, hazmat teams, and Japanese Self Defense 
Forces personnel should share such information 
and opinions. 

With this incident, the importance of the Jap- 
anese poison information centers and their current 
limitations became apparent. In a chemical disas- 
ter, poison information centers should be regional 
mediators of all toxicologic information. Specific in- 
formation regarding cause material, counteraction, 
and decontamination should be gathered in poison 
information centers along with medical therapeu- 
tic information. The poison information centers 
should be able to rapidly distribute that informa- 
tion to hospitals, fire departments, the police, the 
public, and the mass media. At present, such a 
communication system, although needed, has not 
been established in Japan.13 

' Patient transportation is also based on ex- 
change of information: How many victims? How se- 
verely ill or injured are the victims? Where are the 
victims located? How many victims need to be 
taken to a hospital and are likely to be admitted? 
Following the sarin attack, it took too long to an- 
swer these questions. A real-time and multidirec- 
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tional communication system should be estab- 
lished. There should be multiple channels of com- 
munication, so that if one channel breaks down, 
another channel may survive. Satellite-mediated 
portable phones, wireless communication, and an 
Internet network are good candidates. The number 
of the victims found was far beyond the transport 
ability of the TMFD. In such a situation, nongov- 
ernmental vehicles should be used. Furthermore, 
these vehicles should be guided systematically to 
hospitals that can accommodate victims, avoiding 
concentration at one hospital. Following the sarin 
attack, backup transportation did not exist. If 
there had been more victims or a larger number of 
severe victims, this would have become an enor- 
mous problem. During the period immediately af- 
ter the sarin attack, radio-controlled taxis played 
a remarkable role in the transportation of patients, 
and their ability to collect information also cannot 
be minimized. 

Following this attack, a new disaster report taxi 
system was initiated. Through this system, au- 
thorized taxis should report where and how dis- 
asters have arisen to a taxi control center via radio 
as soon as possible. However, poisoning of drivers 
in a chemical disaster has not been considered. 
This system is an information collection system 
rather than a rescue system. In any case, estab- 
lishment of improved measures for communication 
during disasters will be essential. 

Decontamination on site is essential for chem- 
ical disasters. Respiratory protection and chemi- 
cal-resistant suits with gloves and boots are nec- 
essary for out-of-hospital treatment including 
decontamination. A public organization, such as 
the armed forces (in Japan, the Self Defense 
Forces) or a fire department, must prepare suffi- 
cient mobile facilities where victims can shower 
and change clothes. These facilities could be used 
not only for dealing with nerve agents but also for 
other chemical disasters and nuclear disasters. 
Such a mobile decontamination system has al- 
ready come on the market in Germany. 

Secondary exposure of EMTs occurred due to 
absent field decontamination and protection. For- 
tunately, the source chemical was a diluted form of 
sarin. If the source material had been sarin in its 
pure form, the resulting situation would have been 
more catastrophic. 

CONCLUSION 

We investigated the community emergency re- 
sponse to the Tokyo subway sarin attack from the 
viewpoint of disaster management. If ELSTs could, 
under the law, be allowed to maintain an airway 
with an endotracheal tube or use a laryngeal mask 

airway without physician oversight, more patients 
might be saved in similar chemical disasters. Un- 
der the restrictions of the ELST law in Japan, ad- 
vanced airway control at the scene will require 
that doctors become more actively involved in out- 
of-hospital treatment. Integration and cooperation 
of concerned organizations should be established 
through disaster drills. In chemical disasters, poi- 
son information centers should act as regional me- 
diators of all toxicologic information. A real, mul- 
tidirectional communication system should be 
established. Multiple channels of communication 
should be available. Public organizations must 
have available some mobile decontamination facil- 
ities. Respiratory protection and chemical-resis- 
tant suits with gloves and boots are also necessary 
for out-of-hospital care during chemical disasters. 
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