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IINNTTRROODDUUCCTTIIOONN

Central Taiwan suffered a major earthquake
in the early morning of 21 September 1999. The
fault line traverses three main areas of central
Taiwan. More than 2,000 people died and 8,000
people sustained injuries in these three affected
areas. Hospitals located nearer the fault received
mass casualties after the quake. Most of the
victims arrived at an ED in the initial hours [1].
Many patients arrived at an ED by any available
mode of transport soon after the quake. This
pattern of patient influx was seen again at EDs in
New York City following the terrorist attacks on
the World Trade Center (WTC) on 11 September

2001. The influx of victims to the four hospitals
closest to the fault peaked between 2 and 3 hours
after the quake, and approximately 50% of
patients received care within 7 hours.
Additionally, only one-fourth (26%) of the total
number of patients arrived at the hospitals in an
emergency medical vehicle [2]. Owing to the
large number of patients and time constraint,
patients were rushed to the ED rather than treated
at the site. 

Pretto et al demonstrated that there were
many victims whose deaths might have been
prevented if they had received medical attention
in the first six hours after the tremor [3,4]. About
25% to 50% of the patients could have been saved
if emergency care had been rendered at once [5].
Therefore, it is imperative for a medical response
system to be maximally efficient so that medical
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OObbjjeeccttiivveess..  In the initial hours following a major disaster, emergency departments must cope

with mass casualties. The efficiency of physician manpower mobilization affects the supply of

medical care. The purpose of this study was to analyze the pattern of manpower mobilization

and to assess the capacity of medical care at EDs in the field to improve the efficiency of the

medical response after a disaster.

MMeetthhooddss..  In this study, we assessed physician manpower following the Chi-Chi earthquake in

Taiwan on 21 September 1999. Data on the number of patients were collected from hospitals in

three major disaster sites. The hospital treatment capacity was analyzed by de Boer's rule and the

American College of Emergency Physicians (ACEP) physician treatment capacity rule.

RReessuullttss.. The average rate of physician mobilization was 12% per-hour in the initial 2 hours, while

the rate from the 2nd to 6th hour was 6% per-hour. The capacities of hospitals with the most

mass casualties varied considerably. The hospitals with the most mass casualties lacked sufficient

physician manpower in the initial post-quake hours. 

CCoonncclluussiioonnss..  The requirement and utilization of physician manpower in the crucial period

after a large scale disaster remains a great challenge for the medical disaster response system. In

designing disaster response protocols, physician manpower should be expanded to include non-

hospital physicians in the initial hours after major disasters.   ( Mid Taiwan J Med 2004;9:19-26)
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care can be administered as soon as possible after
a disaster to reduce mortality and morbidity rates.
Patient mortality has been related to the number
of physicians, which is one of only a few
controllable factors following a major disaster [6].
Although multiple factors affect the treatment
capacity of a hospital, physician manpower (PM)
is still the key factor in any emergency medical
disaster response. Exactly how many physicians
are required to manage mass casualties has not
been clearly established and there are currently
few available data on the subject [7].

In order to improve medical care efficiency,
it is necessary to evaluate ways to increase the
effectiveness of mobilization of a large number of
physicians from all available sources and to
upgrade the disaster medical assistance response.
It is dangerous to depend on outside medical
assistance, because it usually arrives too late for
immediate care in the initial hours because of to
limited mobilization and communication. Initial
emergency medical needs are therefore best 
met by local providers [8]. PM represented the
treatment capacity of a hospital. The purpose of
this study was to evaluate the pattern of
manpower mobilization and to assess the capacity
of medical care at EDs in the field in order to
improve the efficiency of medical response in the
initial hours after a disaster.

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS        

The hospital data on the number of patients
and mortality rates of quake victims at EDs in
three main disaster sites through which the fault
line passed (sites A, B and C) were collected in
person or by mail. The physician manpower at
EDs at the second and the sixth hour after the
quake was determined by checking staff records
at EDs, and by interviewing chiefs-of-staff at EDs
in person or by telephone. The medical resources
data in the three sites, such as the number and
level of hospitals in 1999, were collected from the
Taiwan Medical Association (TMA).

Hospital treatment capacity (HTC) is
defined as the number of victims who could be
treated per hour in the hospitals, according to de

Boer's rule, and is generally estimated to be 3% of
the total number of beds [7]. In the current study,
the HTC in the 12 hospitals with the largest mass
casualties in the field in the initial 6 hours was
calculated according to de Boer's rule using the
following formula:
HTC0-6 = 3% No. of hospital beds 6 (h)

The American College of Emergency
Physicians (ACEP) recommends that physicians'
services be provided at a rate of approximately
2.75 patients per hour [9]. According to ACEP's
physician treatment capacity rule, we expected
that PM would increase in a linear manner over
these two time periods (hours 0-2 and hours 2-6;
hour 0 was the time of the quake). Total physician
manpower was defined as the number of
physicians at one hospital. PM0 was defined as the
number of on-duty physicians at the ED before
the quake. PM1 was defined as the number of
physicians at the ED in the first hour post-quake;
PM2 was the number of physicians at the ED in
the second hour, and so on. The physician
mobilization increasing rate (PMIR) in the first
two hours (PMIR0-2) was defined as the manpower
increasing rate per hour at the ED in the first two
hours. The PMIR from the 2nd to 6th h (PMIR2-6)
was defined as the physician manpower
increasing rate per hour at the ED from the 2nd to
6th hours. Therefore, PM during these two time
periods, the first two hours and the 2nd to 6th hours
after the quake, was:
PM1 = PM0  + TPM PMIR0-2

PM2  = PM1  + TPM PMIR0-2

PMIR0-2  = (PM2 – PM0)/2 h 
PM3  = PM2  + TPM PMIR2-6

PM4  = PM3 + TPM PMIR2-6

PMIR2-6  = (PM6 – PM2)/4 h 
The HTC in the 12 hospitals with the

largest mass casualties in the field in the initial 6
hours was calculated according to ACEP's rule by
the following formula:

HTC0-6 =     2.75 PMn

(PMn: physician manpower per hour post quake)
The difference between PM and PMIR in

the two periods, as well as HTC by Boer's and
ACEP's rule was analyzed by paired t test. A p
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n = 0
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value of < 0.05 was considered statistically
significant. 

RREESSUULLTTSS

Sixty-nine hospitals provided emergency

medical services in the three sites in 1999.
Among these, data from 50 hospitals were
collected (respondent rate = 72%): 16 hospitals in
site A, 22 in site B and 12 in site C. Two hospitals
that were severely damaged in the quake were
excluded because of insufficient quantity and
quality of data. The ratios of hospital physicians
to non-hospital physicians were 1.9 to 1, 0.9 to 1
and 0.8 to 1 in sites A, B and C, respectively. The
numbers of patients and deaths were greater in the
counties, but the hospitals' capabilities and
resources were less than those of hospitals in the
cities (Table 1). 

The average number of patients at EDs in
the affected areas was 185 176 on 21
September 1999. The basic data for the 12
hospitals with the largest mass casualties are
shown in Table 2. Among them, 6 hospitals were
located in site C, 5 hospitals in site B and 1
hospital in site A. The average number of quake-
related casualties was 401 160 while the
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Number of injured
Number of killed
Physicians/Km2

Total no. of physicians
Worked in hospitals (%)
Non-hospital physicians (%)
No. of EMTs

Site A

1112
113

13.21
2140

1384 (64.7)
756 (35.3)

172

Site B

2421
1135
0.65
1350

644 (47.7)
706 (52.3)

227

Site C

3606
857
0.10
470

207 (44.0)
263 (56.0)

148

Table 1. The basic data of medical resources in central Taiwan in 1999

1
2
3
4
5
6
7
8
9
10
11
12

Total

Hospital no.
Location

(Site) No. of beds

C
C
C
B
B
B
A
A
A
C
C
C

236
144
158

40
464

64
1290
458
482
285
167
132

3920

No. of
physicians

No. of
patients

39
25
17
15
87
13

406
83
78
50
14
13

840

754
541
512
450
445
440
375
337
327
231
212
190

4814

No. of 
deaths at ED

58
58
22
40
47
80
22
22
58
34
16
16

473

Table 2. The EDs with most mass casualties (top 12) in three sites after earthquake in Taiwan in 1999

EMT = emergency medical technician.

Field data

Figure. The physician mobilization rate at hospitals with the
most mass casualties (top 12) at three sites in Taiwan
following the 21 September 1999 earthquake. Abbreviations
are used for all hospital names and sites A, B and C are
indicated in parentheses. 
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number of quake-related deaths at EDs was 39 
21 in these 12 hospitals. The PM before the quake
(PM0) in these 12 hospitals was 5 3% of the
total physician manpower. The average physician
mobilization rate at EDs was 29 21% in the
second hour after the quake which increased to 
55 30% in the sixth hour (Figure). The PMIR
was 12 10% per hour in the initial 2 hours,
while the PMIR from the 2nd to 6th hour was 6 
4% per hour (Table 3). The p value was 0.061.

The average PMIR was 18.3% per hour in the
initial 2 hours in site C hospitals and 6.7% in site
B hospitals. Table 4 compares the HTC according
to de Boer's recommendation and ACEP's rule in
the initial 6 hours. The negative values indicate
insufficient treatment capacity, and positive
values indicate sufficient treatment capacity.
According to de Boer's rule, manpower was
insufficient in all 12 hospitals (p < 0.001),
although according to ACEP's rule, only half of
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1
2
3
4
5
6
7
8
9
10
11
12

Mean SD
p

TPM

39
25
17
15
87
13

406
83
78
50
14
13

No. of physicians at EDs (%)

2 (5)
1 (4)
1 (6)
2 (13)
3 (3)
1 (8)
3 (1)
1 (4)
1 (4)
1 (2)
1 (7)
1 (8)

26 (67)
10 (40)
11 (65)
2 (13)

18 (21)
2 (15)

22 (5)
8 (9)

32 (41)
6 (12)
4 (29)
5 (38)

5 3 29 21

37 (95)
10 (40)
16 (94)

6 (40)
32 (37)

7 (54)
32 (8)
24 (29)
64 (82)
18 (36)

7 (50)
13 (100)
55 30

0.002 0.061

PMIR (% / h)
Before
quake

2nd hour
after quake

6th hour
after quake

1st-2nd hour 2nd-6th hour

31
18

29.5
0
9

3.5
2

2.5
18.5

5
11
15

12 10

7
0

7.3
1
4

9.8
0.8
5

10.3
6

5.3
15.5

6 4

Table 3. The mobilization of physicians before and after the quake at 12 hospitals with the highest mass casualties
following the 21 September 1999 earthquake

TPM = total physician manpower; PMIR = physician mobilization increasing rate.

Hospital no.

1
2
3
4
5
6
7
8
9
10
11
12

Mean SD
p

Hospital no.
No. of patients in
initial 6 hours* 

(A)

HTC by de
Boer's rule

(B)

377
272
256
225
223
222
188
169
164
116
106
95

201 80

43
17
19
5
56
8

155
55
58
34
20
16

41 41
< 0.001

(B) – (A)
HTC by ACEP's 

rule (C)

–334
–255
–237
–220
–167
–214
–33
–114
–106
–82
–86
–79

–160 91

475
154
209
66
388
72
421
245
718
179
91
135

263 199
0.136

(C) – (A)

98
–118
–47
–159
165
–150
233
–76
554
63

–15
3

28 192

Table 4. Comparison of the maximum number of patients treated at 12 hospitals in the field by de Boer's rule and
ACEP's physician treatment capacity rule in initial six hours after disaster

*It was assumed that 50% of the total number of patients on the first day after the quake arrived in the initial 6 hours. 
HTC = hospital treatment capacity.



Wei-Kung Chen, et al. 23

the hospitals lacked sufficient PM (p = 0.136).    

DDIISSCCUUSSSSIIOONN

The number of injuries and deaths caused
by the Chi-Chi earthquake was greatest in three
fields in central Taiwan. In the current study, the
number of EMTs was insufficient in the three
affected areas in central Taiwan, and this
insufficiency limited the pre-hospital medical
care, triage, transportation and diversion of
patients. In addition, because of the deficiency in
the number of ambulances, patients were sent to
hospitals by other modes of transport. This meant
that EDs in the sites had to cope with mass
casualties very early with little or no prior
notification, common a situation. It is after a
major disaster [10-12]; therefore, it is essential,
for medical resources to be made available to
patients in the crucial first hours. Many studies
have shown that affected areas rely on their own
medical resources in the initial hours after a
disaster [13-15]. Hence, the speed of physician
mobilization is crucial. As our data show, the
number of injuries and mortalities was quite high,
but the physician density as well as the number
and percentage of physicians working at hospitals
in suburban (site B) and rural (site C) areas were
lower than in urban areas (site A). This suggests
that the efficiency of physician manpower
mobilization and utilization in these areas was
important. 

In the hospitals with the most mass
casualties (top 12 ), over 4800 injured (67%)
patients were treated and 473 (22%) patients died.
However, there were only 840 hospital physicians
in the region who were poorly mobilized. The
HTC of these 12 hospitals in the first 24 hours
was 2800 patients by de Boer's rule. It is very
clear that treatment capacity was inadequate. Due
to insufficient numbers of physicians, the
physician mobilization in the initial hours after
the earthquake became a crucial factor that
affected the treatment capacity in the fields. The
HTC was related to number of hospital beds, but
the PTC was related to the number of physicians.
If PTC can be improved, it may alleviate the
crisis. As our data demonstrate, PMR varied in

the site hospitals. The PMIR in the initial 2 hours
after the quake was 12 10%. PMIR in the first
two hours was higher than in the following four
hours. The PMR of hospitals appeared to be
related to the scale of the site damage where 
the hospitals were located. The efficiency of
physician mobilization was better in rural
hospitals than in suburban or urban hospitals.
Most of the high PMR was due to physicians
living at hospital-owned apartments located just
behind the hospitals. Hospital managers should be
aware of the mobilization rate of their hospital.
Mobilization of hospitals' physicians may be
limited by many factors [1]. After a major
disaster, the communication system or
transportation system may be dysfunctional.
Physicians' behavior becomes very important in
physician mobilization. Physicians must be made
aware of the vital importance of responding
immediately in the event of a major disaster. They
must be instructed to go directly to the hospital
after a disaster to increase physician manpower
during the initial crisis. Hospitals' disaster
training programs and disaster planning should
include this issue. 

The PM at hospitals in the current study
was confirmed to have been insufficient in the
initial hours post-quake by de Boer's rule.
According to ACEP's PTC rule, PM was
sufficient in about 50% of the hospitals and was
therefore insufficient in approximately half of the
hospitals. In fact, these results were obtained by
conservative calculations, because for de Boer's
rule, when disasters occur at night, the HTC tends
to decrease. Physicians play a vital role following
a disaster. However, the efficiency of physician
manpower mobilization and utilization of non-
hospital physicians in the community has seldom
been discussed in detail [16]. The number of
physicians working at hospitals at the time of the
earthquake was less than that of non-hospital
physicians (local practitioners). Therefore, it is
essential that local medical disaster planning
includes mobilization of non-hospital physicians.
The manpower of non-hospital physicians may
have been overlooked in disaster planning for a
number of reasons: 1) In many previous disasters,
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mass casualties occurred on the second day so
that the physician mobilization was not so
important [17-19]. 2) Manpower after previous
disasters has typically been reported as sufficient
[2,19]. 3) Victims may have the option of visiting
a physician's office or clinic if a disaster occurs
during the daytime [20]. 

The relationship between physicians and
number of patients is difficult to judge.
Insufficient PM after the quake may have
decreased the quantity and quality of emergency
resuscitation which may, in turn, have resulted in
increased numbers of preventable deaths and
injuries. Disaster medicine does not simply
involve responding to the acute medical needs of
large numbers of injured persons at a disaster site.
We need to consider how to coordinate physicians
from all sources in the community in preparation
for all kinds of future disasters. Emergency
physicians, hospital physicians, outside
physicians as well as non-hospital physicians
need more training so that they can be
incorporated into the medical disaster response
system. Our data revealed that under normal
conditions, there were fewer hospital physicians
in two affected counties. At the crucial time,
additional physicians may be required to provide
essential medical care. Recruitment of non-
hospital physicians could resolve the problem of
manpower shortage when there is a sudden influx
of patients into the ED after a disaster at night or
at other special times. If the disaster plan neglects
this medical resource, and relies on the EMSS,
outside medical assistance and physicians at
hospitals, the death rate may be needlessly high in
future disasters, particularly in those that occur
during the night or on national holidays. Disaster
medicine must emphasize teamwork among
physicians. For example, in bioterrorism response
systems, emergency physicians, outpatient
primary care physicians and other practitioners
participate in the early recognition and
surveillance for bioterrorism [21]. Although there
is a need for physicians in the same community to
work together in any bioterrorism response, there
is an even greater need for close coordination of
physicians in the community to respond to future

disasters. 
Disasters of all kinds may occur at any time

or place, so it is vital to improve upon existing
disaster protocols. Many factors affect the scale of
injuries and mortalities. A vital and controllable
factor in treatment and resuscitation is the number
of physicians. The key factor affecting the
number of physicians in the first few hours is the
efficiency of physician mobilization. All
physicians should acquire some basic training and
knowledge in disaster medicine to prepare for
future disasters in order to reduce the number of
preventable injuries and deaths. In addition, we
suggest that the PM resources should be expanded
to include non-hospital physicians in the site,
especially in areas with low hospital PM.
Emergency physicians have a responsibility to
organize all available PM and set up training
programs in disaster medicine for non-ED
physicians, such as hospital physicians or non-
hospital physicians to improve the emergency
medical care after a disaster.
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1999 9 21

De Boer's 

12 2 12%

2 6 6%

2004;9:19-26

404 2

2003 10 7 2004 1 29

2004 2 23


