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Abstract

Introduction: A model prepared by National Civil Defense (INDECI; Lima, Peru)
estimated that an earthquake with an intensity of 8.0 Mw in front of the central coast of
Peru would result in 51,019 deaths and 686,105 injured in districts of Metropolitan Lima
and Callao. Using this information as a base, a study was designed to determine the
characteristics of the demand for treatment in public hospitals and to estimate gaps in care
in the hours immediately after such an event.

Methods: A probabilistic model was designed that included the following variables:
demand for hospital care; time of arrival at the hospitals; type of medical treatment;
reason for hospital admission; and the need for specialized care like hemodialysis, blood
transfusions, and surgical procedures. The values for these variables were obtained through
a literature search of the databases of the MEDLINE medical bibliography, the Cochrane
and SciELO libraries, and Google Scholar for information on earthquakes over the last
30 years of over magnitude 6.0 on the moment magnitude scale.

Results: If a high-magnitude earthquake were to occur in Lima, it was estimated that
between 23,328 and 178,387 injured would go to hospitals, of which between 4,666 and
121,303 would require inpatient care, while between 18,662 and 57,084 could be treated as
outpatients. It was estimated that there would be an average of 8,768 cases of crush
syndrome and 54,217 cases of other health problems. Enough blood would be required for
8,761 wounded in the first 24 hours. Furthermore, it was expected that there would be a
deficit of hospital beds and operating theaters due to the high demand.

Conclusion: Sudden and violent disasters, such as earthquakes, represent significant
challenges for health systems and services. This study shows the deficit of preparation and
capacity to respond to a possible high-magnitude earthquake. The study also showed there
are not enough resources to face mega-disasters, especially in large cities.

Bambarén C, Uyen A, Rodriguez M. Estimation of the demand for hospital care after a
possible high-magnitude earthquake in the City of Lima, Peru. Prebosp Disaster Med.
2017;32(1):106-111.

Introduction

More than 500,000 earthquakes are documented every year; 3,000 are perceived by human
beings, and only from seven to 11 result in the loss of life.! Populations of areas where the
tectonic plates collide are the most likely to suffer casualties because of seismic activity,
especially those located on the Pacific “ring of fire,” where 81% of the world’s earthquakes
take place. Earthquakes produce more casualties in the urban populations of these zones
due to the higher population density, and even more so in countries (such as Peru) where
some houses are constructed informally, without following building codes.

Therefore, there would be a high rate of mortality and many injuries, especially
traumas, caused by mechanical effects and multi-organ damage which require intensive
treatment and sulrgery.2 Contusions, lacerations, and fractures, especially in thorax® and
thoracolumbar medulla,* are the most frequent injuries in cases of earthquakes. Many
less-serious injuries are caused by the detachment and falling of objects. Fatal injuries
usually are due to the collapse of buildings. While lesions to the head and thorax frequently
are fatal, those to the extremities are the principal reason for hospitalization.5

The coastal region of Peru is a high-risk area with high-magnitude earthquakes often
accompanied by tsunamis. Over the last 500 years, all the cities in the coastal region have
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suffered earthquakes, including Lima, the capital of Peru. These
earthquakes are generated by the convergence and subduct1on of
the Nazca (oceanic) plate below the continental plate Scientific
studies have found that along the coast, there are seismic lagunas,

areas which in the past experienced powerful earthquakes, and
which to date, several decades or centuries later, have yet to be
repeated.” One of these lagunas is in the central region, where the
cities of Lima and Callao are located, which has been accumulat-
ing energy since 1746. The earthquakes in 1940, 1966, 1970, and
1974 with magnltudes at or below 8.0 Mw did not release all the
accumulated energy.” Therefore, there is a risk of high-magnitude
earthquake along the central coast of Peru, similar in size to
previous ones, with a devastating effect on the population,
housing, social, and productive infrastructure.

The model prepared by the National Civil Defense (INDECI;
Lima, Peru) is based on the premise that an 8.0 Mw earthquake
occurs at a depth of 33km in front of the central coast of
Peru, which is accompanled by a tsunami with waves of a height
of around six meters.® This model includes the 41 districts of
metropolitan Lima and Callao and estimates the destruction of
200,347 houses with another 348,328 rendered uninhabitable.
There would be 51,019 deaths and 686,105 injured.

The objective of this study was to estimate the requirements for
medical care for the injured which could be generated by the model
established by Civil Defense, as well as the shortfalls in medical care
in the hours immediately after the event, based on the main neces-
sities and the supply of care in Metropolitan Lima and Callao.

Methods

The demand for care was based upon the est1mated 686,105
injured after a major earthquake in Lima and Callao.® Requlre—
ments generated by serious, non-transmissible illnesses, which also
generally occur in earthquakes, including stress, hypertension, and
intestinal disorders, were not considered.’

A model was designed to estimate the characteristics of the
needs and shortfalls in care. Demand was determined by taking
into consideration the following variables: the need for care in
hospitals; the time of arrival at the hospitals; reason for admission;
and the requirement for specialized treatment such as hemo-
dialysis, blood transfusions, and surgical procedures. The values
for these variables were obtained from a bibliographical search in
the databases of the MEDLINE (US National Library of Medi-
cine, National Institutes of Health; Bethesda, Maryland USA)
medical bibliography, the Cochrane (The Cochrane Collaboration;
Oxford, United Kingdom) and SciELO (Scientific Electronic
Library Online; Sdo Paulo, Brazil) libraries, and Google Scholar
(Google Inc.; Mountain View, California USA). This search
included revisions and scientific articles about earthquakes over the
last 30 years of magnitudes of over 6.0 on the moment magnitude
scale. Earthquakes in Peru were excluded.

Deficits in care were estimated from the differences between
the necessities and existing supply of strategic resources such as
hospital beds and operating rooms. The resources of the 48
hospitals of the Ministry of Health and Social Security (EsSalud)
located in the 41 districts of Metropolitan Lima and Callao were
taken into consideration, a total of 12,046 beds and 235 operating
rooms. It is assumed that the injured in the districts which do not
have a hospital will go to the nearest hospital in another district, as
shown in Table 1.

The hospital resources available in the first 24 hours after the
earthquake assumed a 90% utilization of hospital beds and the

probability of services being operational based on the results of
Hospital Safe Index. No difference was made between general and
intensive care beds. It is estimated that the 19 hospitals in
Category C will have a probability of being operational of 0%, 50%
for the 20 hospitals in Category B, and 100% for the nine hospitals
in Category A. The quantity of operating rooms operational
assumes an average operating time of four hours per patient. Thus,
differences between the necessities and hospital resources were
calculated, considering different scenarios.

Results
Twenty-four articles were found on eight earthquakes worldwide
which fit the established criteria: Gujarat, India (8.1 Mw);
Wenchuan, China (8.0 Mw); Kashmir, Pakistan (7.6 Mw); Kobe,
Japan (7.6 Mw); Marmara, Turkey (7.5 Mw); Armenia, Soviet
Union (6.8Mw); Bam, Iran (6.6 Mw); and Northridge, Los
Angeles, California USA (6.3 Mw). Two articles about models
simulating major earthquakes in Granada, Spain and California
were added.

Based on the information available, the values adopted for the
model were established:

o Necessity for Hospital Care: 3.4% of the total number of
1nJured required hospital care in the earthquake in North-
ndge This value reached 26% in the earthquake in
Wenchuan.!!

o Time of Arrival at Hospitals: In the first 24 hours, 42% of
the injured arrived, up to 65% in 48 hours, and up to 77% in
the 72 hours following the earthquake in Marmara,
Turkey.'?

e Type of Medical Care: The reports of the injured treated in a
hospital after the earthquake in Wenchuan showed that 68%
were admitted and 32% were given outpatient care. 13 A
model used to simulate a major earthquake in California
estimated that at least 20% of the injured would require in-
patient care.'*

e Reason for Hospital Admission: Crush syndrome was one of
the most frequent reasons for hospital care after an earth-
quake. This condition was present in 13 8% of the patients
admitted after the Kobe earthquake Other reasons for
admission were fractures and traumatic brain 1 1njury

o Need for Specialized Care (in Cases of Crush Syndrome):
Between 54.5% and 75% of the patients required hemodla—
1y51s,12 17 from six to 15 sessions per patlent 8 These
patients also required blood transfusions. After the earth-
quake in Marmara, 65% of these cases requlred transfusions
during the first week of in-patient care,! needmg between 8.3
and 10.7 units of blood per case.?’

e Requirements for Specialized Care (Involving Other Health
Issues): 61.7% of the victims needed surgical procedures, the
most frequent of which were the cleaning and removal of
foreign objects from contarmnated injuries and the reduction
of open fractures by fixation.?! Another requirement was for
blood transfusions, which were required by 24.5% of the
patients after the earthquake in Wenchuan due to fractures
and other pathologies; the volume of blood needed ranged
from one to 14 units with an average of three units per
patrent

Figure 1 and Figure 2 show the resume of information of
articles about earthquakes worldwide, including percentages of
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No. of Adjusted No. of No. of No. of No. of Operating

No. District Injured Injured Hospitals Beds Rooms
1 Bellavista 3,007 - - - -
2 Callao 93,503 99,152 5 1,197 28
3 Carmen de la legua 84 84 1 70 2
4 La Perla 2,467 - - - -
5 La Punta 175 - - - -
6 Ventanilla 11,116 11,116 1 91 3
7 Barranco 4,559 - - - -
8 Brefia 3,276 3,276 1 483 12
9 Cercado de Lima 12,903 12,903 9 3,413 71
10 Jesus Maria 1,191 1,191 3 1,615 21
11 La Victoria 7,734 7,734 1 45 2
12 Lince 994 - - - -
13 Magdalena 750 6,303 1 590 -
14 Miraflores 1,308 1,308 2 167 7
15 Pueblo Libre 1,335 1,335 1 214 6
16 San Borja 1,891 3,482 1 253 13
17 San Isidro 1,045 - - - -
18 San Luis 546 - - - -
19 San Miguel 5,164 5,164 1 15 2
20 Surco 7,487 - - - -
21 Surquillo 1,607 9,094 1 380 9
22 Ate Vitarte 19,830 19,830 5 390 8
23 Chaclacayo 411 - - - -
24 Cieneguilla 53 - - - -
25 El Agustino 10,818 10,818 1 642 5
26 La Molina 5,047 5,100 1 52 4
27 Lurigancho (Chosica) 16,897 17,308 1 67 3
28 Santa Anita 1,846 1,846 1 230 -
29 Ancén 334 - - - -
30 Carabayllo 40,546 - - - -
31 Comas 92,556 102,356 2 443 8
32 Independencia 3,547 - - - -
33 Los Olivos 6,253 - - - -
34 Puente Piedra 44,385 85,265 1 214 3

Bambarén © Prehospital and Disaster Medicine

Table 1. Number of Injured and Hospital Resources in the Districts of Metropolitan Lima and Callao (continued)
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No. of Adjusted No. of No. of No. of No. of Operating
No. District Injured Injured Hospitals Beds Rooms
35 Rimac 3,598 - - - -
36 San Juan de Lurigancho 124,301 124,301 2 155 4
37 San Martin de Porres 9,917 13,515 2 539 8
38 Chorrillos 23,605 23,605 1 65 2
39 San Juan de Miraflores 46,731 46,731 1 441 5
40 Villa El Salvador 26,882 26,882 1 43 2
41 Villa Maria del Triunfo 46,406 46,406 1 230 7
Total 686,105 686,105 48 12,046 235

Bambarén © 2017 Prehospital and Disaster Medicine

Table 1 (continued). Number of Injured and Hospital Resources in the Districts of Metropolitan Lima and Callao

Non-Hospital care

74% - 96,6%
Number of
injured people,

Outpatient care

32% - 80% Blood transfusions

Crush synde
13.8% Non-Blood
transfusions

35%

Hospital care

3.4% - 26%

Inpatient care

20% - 68%
Other health
problems

86,2%

Blood transfusions

24.5%

Non-Blood
transfusions
75,5%
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Figure 1. Resume of Collected Information about Hospital
Demand in Case of an Earthquake, Including Needs of Blood

Transfusions.

demand of health care and needs for specialized medical care in
case of crush syndrome and other health problems.

These values were inputted into the model, which then indi-
cated that between 23,328 and 178,387 injured would arrive at the
hospitals, of which between 4,666 and 121,303 would be admit-
ted. On the other hand, between 18,662 and 57,084 would only
require out-patient care and could return to their homes. Table 2
shows that the majority of cases occurred in the first 24 hours after
the disaster.

Table 3 shows the average number of cases admitted, of which
8,768 correspond to crush syndrome and 54,217 to other health
problems. In terms of crush syndrome, an estimated average of
6,519 (in the range from 483 to 12,555) would require hemodia-
lysis due to acute renal failure, requiring an estimated total of
between 39,113 and 97,783 sessions to take care of all the cases.
While an average of 7,558 cases (in the range from 560 to 14,556)
would need transfusions, requiring a total supply of from 62,733 to
80,872 units of blood for the average number of cases. Treating the
other health problems would require an average of 33,499 surgical
procedures (in the range of 4,022 to 104,563) as well as blood
transfusions for 13,302 people (in the range from 985 to 25,618),
which would represent an average total consumption of 39,905 (in
the range from 2,956 to 76,854) units of blood.

Non-Hospital care

74% - 96,6%

Number of

Outpatient care
injured peopl P

32% - 80%
Hemodialysis

Crush syndrome ~ 54,5% - 75%

13.8%
\\Ion-Hemodialysis
. —
Inpatient care, 25% - 45.5%
20% - 68% Surgical procedures
Other health
problems

61,7%
86,2%

3,4% - 26%

Non- Surgical
procedures
38,3%
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Figure 2. Resume of Collected Information about Hospital
Demand in Case of an Earthquake, Including Needs of
Surgical Procedures and Hemodialysis.

It was estimated that in the first 24 hours after an earthquake,
enough blood would be required to treat 8,761 injured. Further-
more, there would be a deficit of hospital beds and operating
rooms needed to satisfy the demand in the hours immediately after
the earthquake. As can be seen in Table 4, the size of the shortfall
varies according to the operational level of hospital resources, and
whether they were in operation prior to the event, so that they
could be rapidly utilized for the injured arriving at hospitals. With
the currently available resources, without amplifying the capacity
for care of hospitals, the minimum estimated demand for beds and
operating rooms would be satisfied in the majority of expected
scenarios. For other values (average and maximum), there would
be a market shortfall in beds and operating rooms to face an
earthquake.

Discussion

While the city of Lima is located in a seismically active region, it
does not suffer as many earthquakes as other parts of the world. A
great many people live in structures which are relatively unsafe,
which is a critical factor in determining how catastrophic an
earthquake could be,? and can result in a large number of injured
who will require prompt and specialized care given the complexity
of their lesions. Care also is required for serious cases of chronic
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Out-Patient Care Inpatient Care Total
Hour of Arrival Minimum Average Maximum Minimum Average Maximum Average
Within 24 Hours 7,838 16,027 23,975 1,960 26,453 50,947 42,480
Between 24-48 Hours 4,292 8,777 13,129 1,073 14,486 27,900 23,263
Between 48 - 72 Hours 2,239 4,579 6,850 560 7,558 14,556 12,137
More than 72 Hours 4,292 8,777 13,129 1,073 14,486 27,900 23,263
Total 18,662 38,159 57,084 4,666 62,984 121,303 101,143

Bambarén © 2017 Prehospital and Disaster Medicine

Table 2. Number of Injured Treated in Hospitals According to the Type of Treatment and Hour of Arrival

Crush Syndrome Other Health Problems

No. of Patients

No. of Patients No. of Patients Who No. of Patients Who Who Require
No. of Who Require Require Blood No. of Require Surgical Blood

Hour of Arrival Cases Hemodialysis Transfusions Cases Procedures Transfusions
Within 24 Hours 3,651 2,738 3,174 22,803 14,069 5,587
Between 24-48 Hours 1,999 1,499 1,738 12,487 7,705 3,059
Between 48-72 Hours 1,119 782 907 6,439 4,020 1,596
More than 72 Hours 1,999 1,499 1,738 12,487 7,705 3,059
Total 8,768 6,519 7,558 54,217 33,499 13,302

Bambarén © 2017 Prehospital and Disaster Medicine
Table 3. Average Number of Cases of Crush Syndrome and Other Health Problems Admitted by Hospitals and their Need for
Specialized Care According to the Hour of Arrival

Value

Hospital Resources Minimum Average | Maximum
Number of Hospital Beds Needed 1,960 26,453 50,947
Shortfall in Hospital Beds

Scenario 1: Current Total Number of Beds (N = 12,301) -10,341 14,152 38,646

Scenario 2: Current Total Number of Beds Adjusted by Hospital Safe Index (N = 4,446) -2,486 22,007 46,501

S?snaréi&g:) Current Total Number of Beds Adjusted by Hospital Safe Index & Percent of Occupation 1,515 26,008 50,502
Number of Operating Rooms Necessary 174 2,345 4,516
Shortfall in Operating Rooms:

Scenario 1: Current Total Number of Operating Rooms (N = 235) -61 2,110 4,281

Scenario 2: Current Total Number of Operating Rooms Adjusted by -3 2,168 4,339

Hospital Safe Index

Bambarén © 2017 Prehospital and Disaster Medicine
Table 4. The Number of Hospital Beds and Operating Rooms Needed in the First 24 Hours after the Disaster and the Shortfall in

Resources
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illnesses, such as hypertension and heart attacks. Furthermore,
there is the challenge of satisfying the demand for treatment of
patients who have pre-planned surgeries, dialysis sessions, and
other types of routine specialized care.

Estimating the number of casualties of an earthquake is a very
complex process. However, it is necessary to be able to plan the
actions to be taken to deal with the increase in demand, especially
in the first 24 hours after the event, which will see the greatest
increase. Nevertheless, the injured will continue to arrive over the
first three to five days, after which, the number of consultations
will return to normality.”> Methodologies such as Coburn and
Spence24 and the ATC-13% take into consideration the popula-
tion per collapsed building and the number of occupants according
to the time when establishing the number of seriously injured,
supposing that these cases will be admitted by hospitals. The
National Civil Defense model indicated 70% fewer seriously
injured than the ATC-13 model. Furthermore, the total number
of injured would reach over 1.5 million in Lima according to the
ATC-13 model, more than double the number estimated by the
National Civil Defense model.

In some cases, the values estimated by the model are less than
those registered in earthquakes which occurred in other regions;

for example, the estimated maximum number of hospital
in-patients (121,303) would be lower than the 173,585 registered
in the Wenchuan earthqualke.26 In terms of crush syndrome, it was
calculated that 8,768 would be admitted to hospitals, which is less
than the 10,292 cases registered in the earthquake in Marmara?®

or the 34,305 in Wenchuan.?’

Conclusion

Sudden and violent disasters, such as earthquakes, represent sig-
nificant challenges for health systems and services. In large cities
where the density of population is higher and which have pre-
carious infrastructure, there is an increase in the number of
wounded, especially seriously injured. The ranges of estimated
values that characterize the demand for care are important for the
elaboration and adjustment of health action plans, especially to
identify beforehand which hospital resources must be protected or
considered in a potential request for international humanitarian
assistance. The resources available to care for the victims will
always be insufficient if work isn’t carried out in parallel to reduce
the vulnerability of the population and the infrastructure of the
health sector.
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