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Abstract

Recently, Brazil has hosted mass events with recognized international rel-
evance. The 2014 FIFA World Cup was held in 12 Brazilian state capitals
and health sector preparedness drew on the history of other World Cups
and Brazil’s own experience with the 2013 FIFA Confederations Cup. The
current article aims to analyze the treatment capacity of hospital facilities
in georeferenced areas for sports events in the 2016 Olympic Games in the
city of Rio de Janeiro, based on a model built drawing on references from
the literature. Source of data were Brazilian health databases and the Rio
2016 website. Sports venues for the Olympic Games and surrounding hos-
pitals in a 10km radius were located by geoprocessing and designated a
“health area” referring to the probable inflow of persons to be treated
in case of hospital referral. Six different factors were used to calculate
needs for surge and one was used to calculate needs in case of disasters
(20/1,000). Hospital treatment capacity is defined by the coincidence of
beds and life support equipment, namely the number of cardiac monitors
(electrocardiographs) and ventilators in each hospital unit. Maracand fol-
lowed by the Olympic Stadium (Engenhdo) and the Sambddromo would
have the highest single demand for hospitalizations (1,572, 1,200 and 600,
respectively). Hospital treatment capacity proved capable of accommodat-
ing surges, but insufficient in cases of mass casualties. In mass events most
treatments involve easy clinical management, it is expected that the cur-
rent capacity will not have negative consequences for participants.

Mass Casualty Incidents; Delivery of Health Care; Hospitals;
Geographic Locations
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Introduction

In Brazil, events that involve mass gatherings
are held every year, and the country has recently
hosted major international events. The 2014 FIFA
World Cup was held in 12 Brazilian state capitals.
In some World Cup host cities, operational plans
were produced that included health and health
surveillance preparedness 1.23. Health sector
preparedness drew on the history of other World
Cups and Brazil’'s own experience with the 2013
FIFA Confederations Cup. Planning was based on
the prevailing health system’s structure.

Health sector preparedness measures for
mass events pointed to improvement in services
capacity and quality. For the 2014 FIFA World
Cup, improvements were proposed in access to
services, activation of deactivated hospital beds,
and the construction of new Emergency Care
Units to increase the installed capacity 1.2.3.

Probable causes of disease, injury, and death
in major events have been reported in the litera-
ture and are generally context-related. The health
threats depend on climatic factors, participants’
profile, and type of event 4. Intrinsic factors in
mass gatherings further influence the health out-
comes. The agglomeration of people with diverse
origins and health conditions favors transmis-
sible diseases, which become real threats 5. The
physical structure of the venues where events
take place, such as problems with access routes
and emergency exits and/or lack of public safe-
ty measures can also lead to incidents 6. Health
problems related to the events can also overload
health services 7.

According to studies on the causes of demand
for medical care and severity according to type
of event, in most events the incidents are minor
and do not require medical evacuation !. Dur-
ing preparedness for the 2014 FIFA World Cup,
it was estimated that 1% to 2% of the public at
the match venues might need some medical care,
and of these, 0.2% to 0.5% would require high
complexity care and consequently evacuation to
a hospital facility 3.

In the international literature, studies on
previous World Cups report estimates on the
demand for hospital care ranging from 0.002% a
0.05%, and from 0.5% to 2% for the need of hos-
pitalization in case of a disaster 89,10,11,

In addition to the equipment needed for med-
ical evacuation, cases of hospital care require pro-
vision of basic equipment and physical infrastruc-
ture for diagnosis and treatment. Takahashi et
al. 12 estimated hospital treatment capacity in dif-
ferent situations, based on coinciding availabil-
ity of beds and essential life support equipment,
such as ventilators and electrocardiographs.
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The current article aims to analyze the tre-
atment capacity of hospital facilities in georefe-
renced areas for sports events in the 2016 Olym-
pic Games in the city of Rio de Janeiro, based
on a model built drawing on references from
the literature.

Method
Study scenario

The municipality of Rio de Janeiro is located at
longitude 43°12'W and latitude 22°54’S in the
Southeast region of Brazil. Arenas, parks, and
stadiums were built or organized, forming com-
plexes for the competitions, distributed in four
regions determined by the event’s organization:
Barra da Tijuca, Maracana, Copacabana, and
Deodoro.

Geoprocessing

The study obtained the addresses of the compe-
tition venues from the official website of the Rio
de Janeiro Olympic and Paralympic Games (Rio
2016; http://www.brasil2016.gov.br/pt-br/olim
piadas/instalacoes). The hospital addresses were
obtained from the National Registry of Health
Establishments — CNES [Cadastro Nacional de
Estabelecimentos de Satide]. Healthcare estab-
lishments pertaining to hierarchical levels 5,6,7,
and 8 were selected, since these levels are classi-
fied as hospital care units. All the addresses were
then geocoded to obtain the geographic coordi-
nates (latitude and longitude), allowing the geo-
processing, performed in ArcGIS, version 10.1.1
(Environmental Systems Research Institute, Red-
lands, USA. http://www.esri.com/software/arc
gis/index.html).

A 10-kilometer radius was drawn around each
competition venue 13, illustrated with a colored
circle, referring to the probable inflow of persons
to be treated in case of hospital referral. This al-
lowed identifying large areas that would concen-
trate health care. The hospitals were identified
individually on a map, within each large area.

Model
e Calculation of needs

In case of an increase in the demand for medi-
cal evacuation and/or hospitalizations due to a
surge, calculation of needs is based on the maxi-
mum estimate of the public in attendance at the
event venues. In the current study the informa-
tion on the venues’ capacity was obtained from



the official Rio 2016 website. Each area’s maxi-
mum demand was obtained as the sum of the in-
dividual maximum capacities of the competition
venues on the days or periods in which the sports
contests were scheduled to take place, according
to the official calendar published by the Olympic
Games organization (https://www.rio2016.com/
sites/default/files/users/rio2016_files/guia_in
gressoport_2015_diario.pdf, accessed on 20/
Mar/2016).

Six different factors were used to calculate
needs. The surge categories were: 0.05/1,000, ad-
opted in Japan for the 2002 FIFA World Cup 11;
0.07/1,000, based on a historical series of mass
gatherings in Australia 10; 0.5/1,000, based on
planning for the 2010 FIFA World Cup in South
Africa 8; and calculations based on the Brazil-
ian Ministry of Health’s report on the 2013 FIFA
Confederations Cup, which pointed to several
possibilities, namely 0.02/1,000, 0.04/1,000,
0.05/1,000,and 0.1/1,000, all for high complexity
care and assuming that 1% to 2% of the public
will need some medical care 3.

To calculate the demand for medical evac-
uation and/or hospitalizations due to a surge
with mass casualties, the calculation was based
on the maximum capacity of each competition
venue, as a function of the assumption that the
incident would be locally restricted, namely that
it would not involve all the venues in a given ar-
ea. Another possibility would be the calculation
for the sum of the local capacities, according
to the definition of worst-case scenario (maxi-
mum credible event). The calculation factor
was that used for disasters (20/1,000), based on
Yancey et al. 8.

All the hospital units belonging to a given
area were included. Some hospitals adjoined
more than one area, but the model did not take
into account the juxtaposition of more than one
coverage area per hospital unit.

e Calculation of supply

The hospital bed occupancy rate was calculated
based on the year 2015 for the months of August
and September, according to the Datasus data-
base (for the Brazilian Unified National Health
System — SUS). This rate was applied to the total
supply of public and private hospital beds and
provided the number of operational beds by area.
Data on ventilators and electrocardiographs in
each hospital unit were also obtained from the
CNES database.

Hospital treatment capacity is defined by the
coincidence of beds and life support equipment,
namely the number of cardiac monitors (elec-
trocardiographs) and ventilators in each hospital
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unit 12. The sum by area was obtained from the
results for each hospital.

Ethical considerations

The current project is nested in the Pharmaceuti-
cal Care Preparedness Project for mass events in
Brazil (Prepare Brazil Project), approved by the
Ethics Research Committee of Escola Nacional
de Satide Publica Sergio Arouca/Fundagdo Os-
waldo Cruz (CAAE 177965.13.6.0000.5240).

Results

Figure 1 shows nine areas: red, blue, green, black,
pink, orange, yellow, white, and gray. In a 10-ki-
lometer radius around all the competition ven-
ues, a total of 338 hospital units were identified,
both public and private, with and without emer-
gency care. The majority of the hospital units
are located in the green, black, yellow, white and
gray areas.

Except for the red area, all the areas had hos-
pitals that could be georeferenced to more than
one event venue. The choice was made to analyze
each area alone.

Table 1 shows the areas, competition venues
with their maximum capacities, and number of
corresponding hospitals. Note that three areas,
pink, orange, and blue, have fewer hospitals.
Among the areas with more than 50 units (green,
black, yellow, white, and gray) the yellow area has
the most hospitals.

The green area has the largest population and
includes Maracana, the venue for the opening
and closing ceremonies of the Olympic Games.
This area’s profile has the potential for an inci-
dent with mass casualties.

Table 2 shows the demand for medical eva-
cuation and/or hospitalizations in case of surge,
for each day of the Games, in relation to calcula-
tion factors identified in the literature and others
defined by the Ministry of Health. Note that the
blue, green, and orange areas will concentrate
the largest public and thus the heaviest potential
demand for hospitalizations, highlighted in gray.
On August 11 and 12 the orange area will draw
the largest attendance of the Games (123,300) if
the capacity is reached, meaning the greatest po-
tential for hospitalizations.

The factor proposed by Yancey et al. 8 for the
2010 FIFAWorld Cup in South Africa (c) assumes
the highest demands, while one of the factors
identified by the Brazilian Ministry of Health
for high complexity treatment (d) denotes the
lowest. The total demand for all the areas, for
each factor, varies from 1.2 (2 hospitalizations)
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Figure 1

Geoprocessed and georeferenced hospital units and competition venues for the Rio 2016 Olympic Games.
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on August 3 and 4 to 162.2 (163 hospitalizations)
on August 19.

Table 3 shows the numbers on the demand
for hospitalizations in case of a surge (by area)
and in case of mass casualties (by venue and
area), plus the results for hospital treatment ca-
pacity, by area. The lowest treatment capacity is
in thered area (27 patients) and the highest in the
green area (194 patients).
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Next, the demand was analyzed per surge and
per event resulting in mass casualties, in relation
to treatment capacity.

Surge

According to the factor proposed by Yancey et
al. 8, the orange area, with the capacity for 44
treatments, would have a peak demand of 62
treatments. The green area would demand up



Table 1

HOSPITAL TREATMENT CAPACITY FOR THE OLYMPIC GAMES IN 2016

Georeferenced areas, maximum capacity, and total hospital units in a 10-kilometer radius from the competition venues of the

Rio 2016 Olympic Games.

Area Competition venue Maximum capacity Hospital units
Red Youth Arena 5,000 9
Deodoro Stadium 15,000
Whitewater Stadium 8,000
Mountain Bike Centre 27,500
Olympic Equestrian Centre 35,200
Olympic Shooting Centre 7,577
Blue Olympic Stadium (Engenhao) 60,000 19
Green Maracana 78,600 50
Maracanazinho 11,800
Black Sambdédromo 30,000 55
Pink Riocentro - Pavilion 2 6,500 5
Riocentro - Pavilion 3 6,500
Riocentro - Pavilion 4 6,500
Riocentro - Pavilion 6 9,000
Orange Rio Olympic Velodrome 5,000 7
Carioca Arena 3 10,000
Rio Olympic Arena 12,000
Olympic Golf Course 25,000
Future Arena 12,000
Carioca Arena 2 10,000
Maria Lenk Aquatics Centre 5,300
Olympic Aquatics Stadium 18,000
Carioca Arena 1 16,000
Olympic Tennis Centre 10,000
Yellow Marina da Gléria 10,000 76
White Fort Copacabana 5,000 64
Beach Volleyball Arena 12,000
Gray Lagoa Stadium 10,000 53

Source: Brazilian Olympic Committee (COB; http://www.cob.org.br/); National Registry of Health Establishments
(CNES; http://cnes2.datasus.gov.br/Lista_Es_Nome.asp?VTipo=0).

to 46 hospitalizations, thus below its capac-
ity (194), as would the blue area, with capacity
for 86 hospitalizations and a peak demand of
30 hospitalizations.

Mass casualties

Two possibilities were considered: (i) that a
harmful event would occur in only one venue
alone, or (ii) simultaneous occurrences, result-
ing in a “maximum credible event”, such that the
demand would represent a maximum number
of casualties, calculated as the sum of demands
from each venue.

Maracana (green area) would have the largest
single demand for hospitalizations (1,572), follo-

wed by the Olympic Stadium (Engenhao) (1,200)
and the Sambdédromo (600). The orange area
would have the largest demand (2,466), while the
yellow and gray areas would have the lowest de-
mands for hospitalizations (200).

In case of hospitalizations of mass casualties,
none of the areas would have sufficient treatment
capacity. In addition to the orange area; both the
red and green areas would have a high demand
(1,966 and 1,808, respectively). All the areas show
deficits in treatment capacity for mass casualties.
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Table 2

Demand for medical evacuation and/or hospitalizations per surge, by day and by area, during the Rio 2016 Olympic Game

Area Surge Days of August
3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21

Maximum 00 00 0.0 628 708 708 708 70.8 708 47.8 478 478 40.2 402 40.2 552 552 475 325

attendance/

day *

Red a 00 00 0.0 31 35 35 35 35 3.5 2.4 24 24 20 20 20 28 28 24 1.6
b 00 00 00 44 50 50 50 50 5.0 3.3 3.3 3.3 28 28 28 39 39 33 2.3
c 00 00 00 314 354 354 354 354 354 239 239 239 201 201 201 276 276 238 163
d 00 00 0.0 1.3 1.4 1.4 1.4 1.4 1.4 1.0 1.0 1.0 08 08 038 1.1 1.1 1.0 0.7
e 00 00 00 25 28 28 28 28 2.8 1.9 1.9 1.9 1.6 1.6 16 22 22 1.9 1.3
f 00 00 00 63 7.1 7.1 7.1 7.1 7.1 4.8 4.8 4.8 40 40 40 55 55 48 3.3

Maximum 60.0 600 00 00 00 00 00 00 0.0 600 600 60.0 60.0 60.0 60.0 600 60.0 60.0 0.0

attendance/

day *

Blue a 30 30 00 00 0O O00O0 00 00 00 3.0 3.0 3.0 30 30 30 30 30 30 0.0
b 42 42 00 00 00 00 00 00 00 4.2 4.2 4.2 42 42 42 42 42 42 0.0
c 300 300 00 OO 0O OO OO 00O 00 300 300 300 300 300 30.0 30.0 300 300 0.0
d 12 12 00 00 00 00 00 00 00 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 0.0
e 24 24 00 00 00 00 00 00 ©00 2.4 24 24 24 24 24 24 24 24 0.0
f 60 60 00 00 OO O00O0 00 00 00 6.0 6.0 6.0 60 60 60 60 60 6.0 0.0

Maximum 00 00 786 11.8 118 118 118 118 118 11.8 11.8 118 11.8 904 904 11.8 904 904 904

attendance/

day *

Green a 00 00 39 06 06 06 06 06 0.6 0.6 0.6 0.6 06 45 45 0.6 45 45 4.5
b 00 00 55 08 08 08 08 08 08 08 08 08 08 63 63 08 63 63 6.3
c 00 00 393 59 59 59 59 59 5.9 5.9 5.9 5.9 59 1452 452 59 452 452 452
d 00 00 16 02 02 02 02 02 0.2 0.2 0.2 0.2 0.2 1.8 1.8 02 1.8 1.8 1.8
e 00 00 31 05 05 05 05 05 0.5 0.5 0.5 0.5 05 36 36 05 36 346 3.6
f 00 00 7.9 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 90 90 1.2 90 90 9.0

Maximum 00 00 00 60 60 60 60 60 60 60 00 300 00 00 00 ©00 00 00 0.0

attendance/

day *

Black a 00 00 00O 03 03 03 03 03 03 03 00 15 00 00 00 00 00 00 0.0
b 00 00 00 04 04 04 04 04 04 04 00 21 00 00 00 00 00 o0.0 0.0
c 00 00 0O 30 30 30 30 30 30 30 00 150 0O 00 OO 00 o0.0 00 0.0
d 00 00 00 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.6 00 00 00 00 00 o00 0.0
e 00 00 00 02 02 02 02 02 0.2 0.2 0.0 1.2 00 00 00 00 00 o0.0 0.0
f 00 00 00 06 06 06 06 06 06 06 00 30 00 00 00 00 00 00 0.0

Maximum 00 00 0.0 220 220 220 220 220 220 220 220 220 220 220 220 155 155 155 9.0

attendance/

day *

Pink a 00 00 00 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 0.8 08 038 0.5
b 00 00 0.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.1 1.1 1.1 0.6
c o0 o0 00 110 110 110 1170 110 110 1.0 110 11.0 110 11.0 11.0 7.8 7.8 7.8 4.5
d 00 00 00O 04 04 04 04 04 04 04 04 04 04 04 04 03 03 03 0.2
e 00 00 00 09 09 09 09 09 09 09 09 09 09 09 09 06 06 06 0.4
f 00 00 00 22 22 22 22 22 2.2 2.2 2.2 2.2 22 22 22 1.6 1.6 1.6 0.9

Maximum 00 00 00 933 933 933 933 933 1180 123.3 953 1053 60.3 603 783 783 933 933 500

attendance/

day *

(continues)
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Table 2 (continued)

HOSPITAL TREATMENT CAPACITY FOR THE OLYMPIC GAMES IN 2016

Area Surge Days of August
3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21

Orange a 00 00 00 47 4.7 4.7 4.7 4.7 59 6.2 4.8 5.3 3.0 3.0 3.9 3.9 4.7 4.7 2.5
b 00 00 00 65 65 65 65 65 83 86 67 74 42 42 55 55 65 65 3.5
c 0.0 0.0 00 467 467 467 467 467 590 617 477 527 302 302 392 392 467 467 250
d 0.0 00 0.0 1.9 1.9 1.9 1.9 1.9 24 25 19 21 1.2 1.2 1.6 1.6 1.9 1.9 1.0
e 00 00 00 37 3.7 3.7 3.7 3.7 4.7 49 38 42 24 24 31 3.1 3.7 3.7 2.0
f 00 00 00 93 93 93 93 93 118 123 95 105 60 60 78 7.8 93 93 5.0

Maximum 00 00 00 00 00 100 100 100 10.0 100 10.0 100 100 100 0O 00O 00O 0.0 0.0

attendance/

day *

Yellow a 00 00 00 00 00 05 05 05 05 05 05 05 05 05 00 00 00 00 O00
b 00 00 00 00 00 07 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 00 00 00 0.0 0.0
c 00 00 00 00 00 50 50 50 50 50 50 50 50 50 00 00 00O 00O OO0
d 00 00 00 00 00 02 02 0.2 0.2 0.2 02 02 02 02 00 00 00 00 0.0
e 00 00 00 OO 0O ©0O4 04 04 04 04 04 04 04 04 00 00 00 o00 0.0
f 00 00 00 00 00O 110 10 10 10 10 10 10 10 10 00 00 00 00 00

Maximum 00 00 00 170 170 120 120 120 120 120 120 120 170 170 120 17.0 00 5.0 0.0

attendance/

day *

White a 00 00 00 09 09 06 06 06 06 06 06 06 09 09 06 09 00 03 0.0
b 00 0.0 00 1.2 1.2 08 0.8 0.8 0.8 08 08 038 1.2 1.2 08 1.2 0.0 04 0.0
c 00 00 00 85 85 6O 60O 60 60 60 60 60 85 85 60 85 00 25 0.0
d 00 00 00 03 0.3 02 0.2 0.2 0.2 0.2 02 02 03 03 0.2 0.3 0.0 01 0.0
e 00 00 00 07 07 05 05 05 05 05 05 05 07 07 05 07 00 02 0.0
f 0.0 0.0 00 1.7 1.7 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.7 1.7 1.2 1.7 0.0 05 0.0

Maximum 00 00 00 100 100 100 100 100 100 100 00 00 100 100 100 100 10.0 10.0 0.0

attendance/

day *

Grey a 00 00 00 05 05 05 05 0.5 0.5 0.5 00 00 05 05 05 0.5 0.5 0.5 0.0
b 00 00 00 07 07 07 07 07 07 07 00 00 07 07 07 07 07 07 0.0
c 00 0.0 00 5.0 5.0 50 50 50 50 50 00 0.0 5.0 50 50 50 50 5.0 0.0
d 00 00 00 02 02 02 02 0.2 0.2 0.2 00 00 02 02 02 0.2 0.2 0.2 0.0
e 00 00 00 04 04 04 04 04 04 04 00O OO 04 04 04 04 04 04 0.0
f 00 0.0 00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 00 0.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0

Surge: (a) 0.05/1,000 [Japan — 2002 FIFA World Cup (Morimura et al. 11) and Brazil - Planning of 2014 FIFA World Cup 3]; (b) 0.07/1,000 [Australia - Historical
Series of Mass Events (Zeitz et al. 10]; (c) 0.5/1,000 [South Africa — 2010 FIFA World Cup (Yancey et al. 8]; (d) 0.02/1,000 [Brazil — Planning of 2013 FIFA

Confederations Cup 3J; (e) 0.04/1,000 [Brazil - Planning of 2013 FIFA Confederations Cup 3J; (f) 0,1/1,000 [Brazil - Planning of 2013 FIFA

Confederations Cup3]. Note: the boxes in gray highlight the days with the highest demand for hospitalizations, considering all the calculation factors.

* Maximum attendance/day x 1,000.

Discussion

Geographic Information System (GIS), or geo-
processing, is a useful tool for planning health
actions and services, since it allows visualizing
the current situation and proposing the reallo-
cation of human and structural resources. GIS
is widely used in developed countries and also
increasingly in less developed countries 14.

The current study proposed a model to iden-
tify the hospital treatment capacity in georefe-

renced areas for Olympic Games venues in Rio
de Janeiro. The model predicts the maximum
capacity and demand for health services given
the competitions’ attendance and also in cases
of mass casualties. Considering the demand for
hospitalizations (surge), the results point to in-
sufficient capacity in two areas (red and orange)
and surplus capacity in the other areas.
However, the hospital capacity proved short
of necessary when considering the demand
for hospitalization of mass casualties, whether

Cad. Saude Publica, Rio de Janeiro, 32(7):e00087116, jul, 2016
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Table 3

Demand for medical evacuation and/or hospitalizations of mass casualties, by area, during the Rio 2016 Olympic Games.

Area Venues Maximum capacity Maximum number of Hospitalizations Maximum Hospital
hospitalizations per of mass casualties credible treatment
surge * ** event capacity ***
Red Youth Arena 5,000 36 100 1,966 27
Deodoro Stadium 15,000 300
Whitewater Stadium 8,000 160
Mountain Bike Centre 27,500 550
Olympic Equestrian Centre 35,200 704
Olympic Shooting Centre 7,577 152
Blue Olympic Stadium (Engenhao) 60,000 30 1,200 1,200 86
Green Maracanazinho 11,800 46 236 1,808 194
Maracana 78,600 1,572
Black Sambdédromo 30,000 15 600 600 176
Pink Riocentro - Pavilion 2 6,500 11 130 570 31
Riocentro - Pavilion 3 6,500 130
Riocentro - Pavilion 4 6,500 130
Riocentro - Pavilion 6 9,000 180
Orange Rio Olympic Velodrome 5,000 62 100 2,466 44
Carioca Arena 3 10,000 200
Rio Olympic Arena 12,000 240
Olympic Golf Course 25,000 500
Future Arena 12,000 240
Carioca Arena 2 10,000 200
Maria Lenk Aquatics Centre 5,300 106
Olympic Aquatics Stadium 18,000 360
Carioca Arena 1 16,000 320
Olympic Tennis Centre 10,000 200
Yellow Marina da Gléria 10,000 200 200 186
White Fort Copacabana 5,000 100 340 182
Beach Volleyball Arena 12,000 240
Gray Lagoa Stadium 10,000 5 200 200 156

*0.5/1,000 (Yancey et al. 8);

** 20/1,000 (Yancey et al. 8);

*** Takahashi et al. 12.

limited to a single venue, or more acutely in the
occurrence of simultaneous events that could
increase the number of casualties exponentially
(maximum credible event).

Mapping the competition venues and hos-
pitals located within a 10-kilometer radius of
these locations revealed unequal distribution of
resources, since in places with large gatherings,
the treatment supply might not meet the estima-
ted demand.

The distance travelled to an emergency health
service can be a determining factor in increasing
patients’ risk of death. According to a study in
the United Kingdom, every 10km added to this

Cad. Saude Publica, Rio de Janeiro, 32(7):e00087116, jul, 2016

distance was associated with a 1% increase in ab-
solute mortality 15. According to another study, in
Chicago (USA), this distance between the event
and treatment facilities was even smaller, 5 ki-
lometers, for evacuating patients with gunshot
wounds to a specialized trauma center 13.

To minimize or mitigate the health problems
resulting from the increase in distances travelled,
logistics solutions are important for defining
preferred routes in order to optimize prehospi-
tal treatment or even the victim’s evacuation to a
hospital unit. For the Rio 2016 Olympic Games,
the hospital treatment capacity in case of a surge
could be planned to serve areas with deficient ca-



pacity, and establishing logistics solutions would
suffice. The proposed solutions should consid-
er redistribution of staff and resources and/or
transportation of patients.

Assessment of the best route begins with the
dispatch call for treatment, since reaching the
venue where the incident took place requires
defining the best, quickest, and safest route 16.
In addition to GIS, which allow visualizing the
resources and routes, the combination of these
programs with vehicle routing and programming
systems gave rise to so-called Decision Sup-
port Systems (DSS) 17, computerized platforms
that provide users with more mathematical and
graphic resources and better integration. Large-
scale use via the internet allows proposing real
and online mobility situations, lending greater
precision to vehicle localization and predicted
arrival times 17. The Brazilian Ministry of Health
issued a ruling on the availability of financial
resources for emergency medical resources for
the Rio 2016 Olympic and Paralympic Games 18.
However, no information was identified on plan-
ning of routes for transporting possible patients
or mass casualties.

Many urban works have been ongoing in Rio
de Janeiro in preparation for the Olympic Games,
the so-called “Olympic legacy”. New develop-
ments include expressways, tunnels and mass
transportation options (Bus Rapid Transit — BRT
and Rio de Janeiro Light Rail — VLT), and tem-
porary strategies such as preferential one-way
traffic aisles in many of the city’s thoroughfares.
In spite of this Rio de Janeiro suffers from per-
manent difficulties in urban mobility that may
present a burden during the Games. This is due to
two main reasons. First is the city’s peculiar geog-
raphy — a sequence of narrow bits of land pressed
in between mountains and the sea. Second is the
preference for individual means of transporta-
tion, historically favored by city planners. Not
surprisingly, Rio de Janeiro is esteemed to have
the third worse traffic in the world, after Istanbul
(Turkey) and Mexico City (Mexico) 19. As a way
to mitigate the pressure of intense traffic during
the Games, the City has declared three holidays
spaced on event-peak days and has postponed
school holidays for the month of August. Nev-
ertheless, the superior surge in traffic may well
be over the expected limits. Moreover, certain
areas of the city which already suffer from daily
congested traffic, such as Maracana and Barra
da Tijuca, will concentrate sports events and will
bear a bigger burden. Mobility in these areas, es-
pecially in case of emergency medical services,
may pose a challenge.

The model estimated the hospital treatment
capacity by area, for each sports day indepen-
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dently. It also applied the heaviest demand
among all the factors identified in the literature
8 as the most appropriate for the Brazilian con-
text, among other estimates of the kind in the lit-
erature 91011 and because it refers to the demand
for general hospital treatment rather than high-
complexity treatment, as referred by the Ministry
of Health 3.

In addition, as known, the treatment de-
mand normally results from medical problems
involving easy clinical management 5. However,
the Olympics will last consecutive 19 days. Thus,
even if the hospital treatment capacity is suffi-
cient for surge in the majority of the areas, with
or without patient transit, the possibility exists
that the same patient will remain hospitalized
for more than one day, depending on the severity
of the medical problem. Length of hospital stay
will have an impact on treatment availability on
the subsequent days, so the apparent surplus ca-
pacity in most of the areas may not be confirmed
in practice.

In Brazil, data on events in 2013 like the
FIFA Confederations Cup and World Youth Day
were used to estimate the possible treatment
demand 20. Importantly, however, these data are
not from the same types of events or with the
same scope. In the 2014 FIFA World Cup website,
preparedness only addressed health problems
related to preexisting or age-related diseases,
assuming that the public would mainly consist
of healthy individuals 25 to 49 years of age who
would not require specialized health care 3. Not-
withstanding this characterization of the World
Cup spectators, the calculation failed to consider
the possibility of a disaster or the need for large-
scale treatment.

Preparation for the London 2012 Olympic
Games analyzed a series of surge risks, highlight-
ing the possibilities of environmental risks such
as extreme temperatures, food poisoning, and
infectious diseases. Any of these risks could en-
tail mass casualties. An additional possibility that
would involve mass casualties is terrorism 21,2223,

In the current study, application of the fac-
tor proposed by Yancey et al. 8 revealed an im-
portant deficit in hospital treatment capacity for
dealing with mass casualties (deficit 8,268). In
such cases, a palliative solution would be to rely
on strategies for evacuating patients to hospital
facilities outside the areas adjoining the compe-
tition venues. The U.S. National Disaster Medi-
cal System (NDMS) was developed to provide
emergency expansion in capacity in an area with
casualties, including the availability of transport
for patients that require transfer to hospital fa-
cilities farther removed from the disaster scene,
thereby relieving the hospitals closer to the

Cad. Saude Publica, Rio de Janeiro, 32(7):e00087116, jul, 2016

9



10

Freitas CF et al.

event. Another possibility offered by the NDMS
is medical evacuation to field hospitals for clini-
cal and surgical treatment.

Brazil has used field hospitals in disasters
and public health emergencies 14, equipped by
the Armed Forces. Field hospitals are mobile
and flexible to need. They can be employed to
service outpatient clinics and/or supply inpa-
tient care (usually up to 50 beds) and are built
in modules for greater adaptability 24. In cases
when demand exceeds local response capacity,
the National Health Force will provide support
in three response levels, in terms of personnel,
equipment and deployment of field hospitals,
according to the severity of the health emergen-
cy or disaster 25. Although there is a pledge for
this support, information is lacking as to number
of available field facilities to attend to a deter-
mined number of victims during the Games.

Since the 2014 World Cup was a mass event,
the strategy deployed by the Ministry of Health
was to designate four referral hospitals in the
city of Rio de Janeiro. It is possible that these
same hospitals (Albert Schweitzer State Hos-
pital, Souza Aguiar Municipal Hospital, Miguel
Couto Municipal Hospital, and Pedro II Munici-
pal Hospital) 26 will be maintained as references
for the Rio 2016 Olympic Games. Three of these
hospitals are situated inside the georeferenced
areas. The Pedro II Municipal Hospital is locat-
ed approximately 32 kilometers from the clos-
est competition venue, far from the majority of
the events, and has treatment capacity for 20
patients (CNES; http://cnes2.datasus.gov.br/
Lista_Es_Nome.asp?VTipo=0). At least two facili-
ties have already been recognized as referral hos-
pitals. In May 2016 the Rio de Janeiro Municipal
Health Secretariat announced investments to be
directed to health services for the Games. In Sou-
za Aguiar Municipal Hospital (in downtown Rio
de Janeiro), 40 ICU beds will be made available
and Miguel Couto Municipal Hospital (in the
southern part of the city) will be provided with
a new trauma center and three isolation beds.
Moreover, patient transportation may be eased
by 146 ambulances donated by the Brazilian Fed-
eral Government 27. However, the link between
actual needs and these palliative measures re-
mains unclear.

The relationship between the number of
hospitals and the treatment capacity denotes
the extreme situation under which the hospitals
operate in the city of Rio de Janeiro. The lack of
preparedness related to patient examination
and treatment areas, isolation, and quarantine
was already reported by Shoaf et al. 28 in relation
to the host cities for the 2014 FIFA World Cup.
The current study’s data corroborate this infor-
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mation. An analysis of the hospital units corre-
sponding to the competition venues shows in-
sufficient hospital treatment capacity in case of
a maximum credible event. Given the potential
risks in mass events, the situation becomes even
more critical considering the lack of plans for ex-
panding the treatment capacity or hospital beds.
We call special attention to the risk posed by the
recent Zika virus epidemic in Brazil 29. Although
acute manifestations of Zika virus infection are
uncommon 29, there is little evidence on the ef-
fects in populations without previous immunity,
as may be the case of many visitors. Visitors ex-
posed to this virus and other infectious agents
such as influenza A (H1N1) may present acute
symptoms while still within the August 2016
Olympic Games calendar.

Most of the areas demarcated by a 10-kilome-
ter radius contain some common hospital units.
An important limitation to the model proposed
in the current study is the impossibility of pre-
dicting the circulation of patients and equipment
between hospitals, which could mitigate the low
hospital treatment capacity. Another limitation
is the lack of a time parameter in the integra-
tion model that resulted in the estimated hospi-
tal treatment capacity. This means that both for
surges and mass casualties, it is not possible to
estimate the time each patient will use the hos-
pital equipment.

The estimate defined maximum credible
event as harmful occurrences, in all areas, at the
same time. In case of events executed to reach the
larger possible number of persons, like terror-
ist attacks, the areas could be hit simultaneously.
When dealing with preparedness for disasters,
the worst-cases scenario should be considered
by the event’s organization 5.

The study used data from the CNES and Da-
tasus databases for 2015 to estimate the situation
in the Olympic Games timeframe. These syste-
ms are fed by the hospitals, and the information
may vary from one year to the next. Since the
Olympic and Paralympic Games will take pla-
ce in August 2016, there may be structural and
physical changes by then that alter the hospital
treatment capacity.

Two major happenings have added to the
challenges faced by Rio de Janeiro as host city
to the Olympic Games. Both occurrences may
compromise the city’s response capacity to
health emergencies and disasters that may en-
sue from mass gatherings. Since late 2015 the
State of Rio de Janeiro has been suffering from
a health services crisis, with temporary closure
of emergency rooms, strikes by health workers
and reduction in treatment capacity. Less than
two months before the Olympics, the State has



declared a “state of emergency” due to insolven-
cy and debt 30. With this declaration the State
can adopt strict measures to curb spending and
reallocate funding. Even if the Municipality has
more abundant resources, the State’s difficult
financial situation has prompted the Municipal-
ity to absorb the upkeep of several State health
facilities located in the city of Rio de Janeiro,
undermining surplus resources that could be
directed elsewhere.

Conclusion

Based on an empirical model drawing on the lit-
erature and fed with data on the crowd capacity
of the competition venues, georeferencing the
hospitals and competition venues, the Olympic
Games calendar, and the available hospital in-
frastructure, the hospital treatment capacity was
calculated in relation to the possible demand
during the 2016 Olympic Games in Rio de Janeiro.

Although the proposed model has some limi-
tations involving the difficulty in predicting the
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response dynamics, we believe that the model
will be useful in hospital treatment preparedness
for mass events. As the basis for calculation, this
model uses readily accessible information that
can be applied to orient preparedness both for
surges and disasters.

For the Rio 2016 Olympic Games, the hospital
treatment capacity proved capable of accommo-
dating surges, but insufficient in cases involving
mass casualties. Based on the principle proposed
in the literature, that in mass events most treat-
ments involve easy clinical management and can
be resolved at the event venue itself, it is expected
that the current capacity will not have negative
consequences for participants.

Measures of preparedness for the sports
events involving the Municipality’s health sec-
tor have taken place. Although recognizing this
fact, the State’s overflowing economic crisis and
emerging disease threats may pose a great chal-
lenge for Rio de Janeiro as a host city for the 2016
Olympic Games, in light of the demands for re-
sponse in case of health emergencies.
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Resumo

Recentemente, o Brasil sediou eventos de massa com
relevdncia internacional reconhecida. A Copa do
Mundo FIFA de 2014 foi realizada em 12 capitais es-
taduais e a preparagao do setor da satide contou com
a historia de outras Copas do Mundo e com a propria
experiéncia do Brasil com a Copa das Confederacoes
FIFA de 2013. O presente artigo objetivou analisar a
capacidade de tratamento de instalagoes hospitalares
em dreas georeferenciadas para eventos esportivos, nos
Jogos Olimpicos de 2016, na cidade do Rio de Janeiro,
com base em um modelo construido a partir da litera-
tura. Os dados foram coletados nas bases de dados de
satide do Brasil e da pdgina de Internet da Rio 2016.
As instalagoes esportivas para os Jogos Olimpicos e 0s
hospitais circundantes em um raio de 10km foram lo-
calizados por geoprocessamento; foi designada uma
“drea de satde”, referindo-se ao afluxo provdvel de
pessoas a serem tratadas em caso de necessidade hos-
pitalar. Seis fatores foram utilizados para calcular ne-
cessidades para surtos e um fator de cdlculo foi usado
para as desastres (20/1.000). Capacidade de tratamen-
to hospitalar é definida pela coincidéncia de leitos e
equipamentos de suporte de vida, ou seja, o niimero de
monitores cardiacos (eletrocardidgrafos) e respiradores
em cada unidade hospitalar. O Maracand, seguido do
Estddio Olimpico (Engenhdo) e o Sambodromo, teria a
maior demanda para internagées (1.572, 1.200 e 600,
respectivamente). A capacidade de tratamento hospi-
talar mostrou-se capaz de acomodar surtos, mas insu-
ficiente em casos de vitimas em massa. Em eventos de
massa, a maioria dos tratamentos envolve uma fdcil
gestdo clinica. Espera-se que a capacidade atual nao
terd consequéncias negativas para os participantes.

Incidentes com Feridos em Massa; Assisténcia a Satide;
Hospitais; Localizagbes Geogrdficas
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45.692, de 17 de junho de 2016. Decreta estado de
calamidade ptblica, no ambito da administragao
financeira do Estado do Rio de Janeiro, e outras
providéncias. Didrio Oficial do Estado do Rio de
Janeiro 2016; 17 jun.

Resumen

URecientemente, Brasil fue sede de eventos de ma-
sa con relevancia internacional reconocida. La Copa
Mundial de la FIFA 2014 se llevé a cabo en 12 capitales
de los estados y la preparacion del sector de la salud
tenia la historia de otras copas mundiales y con la ex-
periencia de Brasil en la Copa Confederaciones de la
FIFA 2013. Este articulo tiene como objetivo analizar
la capacidad de tratamiento de las instalaciones hos-
pitalarias en zonas georreferenciados para los eventos
deportivos, en los Juegos Olimpicos de 2016, en la ciu-
dad de Rio de Janeiro, basado en un modelo construi-
do a partir de la literatura. Los datos fueron recogidos
en las bases de datos de salud en Brasil y en el sitio web
del Rio 2016. Las instalaciones deportivas para los
Juegos Olimpicos y los hospitales circundantes dentro
de un radio de 10km fueron localizados por el geopro-
cesamiento; un “drea de la salud” fue designado, en
referencia a la posible afluencia de personas que van
a tratarse en el caso de una emergencia hospitalaria.
Seis factores se utilizaron para calcular las necesida-
des a los brotes y un factor de cdlculo se utilizé para
los desastres (20/1.000). Capacidad de tratamiento
hospitalario se define por la coincidencia de camas
¥y equipos de soporte vital, o el niimero de monitores
cardiacos (electrocardiografos) y respiradores en cada
hospital. El Maracand, seguido por el Estadio Olim-
pico (Engenhdo) y el Sambddromo, tendria la mayor
demanda de hospitalizaciones (1.572, 1.200 y 600,
respectivamente). La capacidad de tratamiento hos-
pitalario ha demostrado ser capaz de adaptarse a los
brotes, pero insuficiente en casos de victimas en masa.
En los eventos masivos, la mayoria de los tratamien-
tos implican un manejo clinico fdcil. Se espera que la
capacidad actual no tendrd consecuencias negativas
para los participantes.

Incidentes con Victimas en Masa;
Prestacion de Atencion de Salud; Hospitales;
Ubicaciones Geogrdficas

Submitted on 27/May/2016
Final version resubmitted on 11/Jul/2016
Approved on 11/Jul/2016

Cad. Saude Publica, Rio de Janeiro, 32(7):e00087116, jul, 2016

13



