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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a highly infectious
disease, which may progress rapidly to pneumonia or acute respi-
ratory distress syndrome (ARDS), requiring mechanical ventila-
tory support in intensive care units (ICU)". As the disease spreads
rapidly and the fatality rate is high among patients with severe
conditions, the availability of ICU beds has been considered
as one of the strategies to face the disease and avoid deaths'?.

Globally, COVID-19 has affected more than 3 million peo-
ple and caused more than 225,000 deaths in the first quarter of
2020%. The number of deaths has been high even in countries
with well-structured health systems or having high number of
ICU beds for severe cases®. As the disease spreads to low- and
middle-income countries, we better understand the differential
effects of COVID-19 according to socioeconomic positions.

Due to the community transmission of COVID-19, the
number of cases and deaths increased exponentially and in
April 4, 2020 more than 100,000 cases and 7,000 deaths
had already been detected across Brazil. Brazil has 32,757
adult ICU beds, of which 45% of them allocated to the
Unified Health System (Sistema Unico de Satde [SUS], in
Portuguese), which are concentrated in states with better
socioeconomic conditions’.

Thus, this study described the distribution of ICU beds and
its relationship with the mortality rate due to COVID-19 in
Brazil until the pandemic stage.
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METHODS

We conducted an ecological study referring to all COVID-19
deaths from March 17 to April 24, 2020 and their relationship
with ICU bed availability indicators in Brazil.

Data were obtained from three different sources. Data
on deaths were obtained from the Brazilian Ministry of
Health on April 24, 2020. Information on the number of
beds for each state was obtained from the National Registry
of Health Establishments (CNES) and population data from
the Brazilian Institute of Geography and Statistics (IBGE).
From the data, we calculated for each state the mortality
rate per 1 million population, the general rate of ICU beds
for adults per 100,000 population, and the rate of ICU beds
for adults per 100,000 population allocated in the public
and private health systems. It is important to note that the
case fatality rate was not analyzed since the low availability
of the tests results in overestimated rates.

Moran’s bivariate spatial correlation model and multivar-
fate regression (ordinary least square) were used to verify the
spatial relationship between the availability of ICU beds, the
number of deaths, and the mortality rate of the states. In the
regression analysis of the mortality rate, adjustment was made
for the total number of deaths. A 95% confidence interval
and a 5% significance level were adopted. This study did not
require the approval of the Research Ethics Committee since

we used public domain data.
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RESULTS

Between Mach 17 and April 24, 2020, Brazil accounted for
3,670 deaths by COVID-19. The highest numbers of deaths
were recorded in Sao Paulo (n=1.512), Rio de Janeiro (n=570),
and Pernambuco (n=352) states, respectively. Amazonas state has
the highest mortality rate (60.14 deaths/1 million; 255 deaths),
followed by Pernambuco (36.47/1 million; 352 deaths), Rio de
Janeiro (33.64/1 million; 570 deaths), Sao Paulo (32.82/1 mil-
lion; 1512 deaths), and Ceard (30.94/1 million; 284 deaths).

Overall, the Federal District had the highest rate of adult
ICU beds per 100,000 population (107.6/100,000) and
Roraima state had the lowest rate (4.1/100,000). Considering
only SUS adult ICU beds, Minas Gerais (12.5/100,000)
and Sdo Paulo (12.2/100,000) had the highest rates, while
Amap4 state had the lowest rate (1.5/100,000). In the pri-
vate health network, the highest rates were observed in the

Federal District (347.8/100,000 users) and Mato Grosso
(66.3/100,000 users).

A significant correlation was observed between the num-
ber of deaths and the rate of ICU beds for adults per 100,000
population (Moran’s 1=0.157275; p=0.02) and the rate of
ICU beds for adults per 100,000 population allocated in
the private health system (Moran’s [=0.157916; p=0.04).
No significance was observed in the multivariate regression
model (Figure 1).

An inverse correlation between the COVID-19 mortality
rate and the rate of adult ICU beds in public health services
was demonstrated in both bivariate (Moran’s I= -0.136756;
p=0.03) and multivariate (coefficient=-0.4073; p=0.035) anal-
ysis. There was no correlation between COVID-19 mortality
and the rate of adult ICU beds available in private health ser-
vices (Figure 2).

Figure 1. Bivariate spatial correlation and multivariate regression between the number of deaths by COVID-19 and the
availability of intensive care units beds in Brazil, 2020. COVID-19, coronavirus disease 2019; intensive care units; SUS,

Sistema Unico de Saude.
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Figure 2. Bivariate spatial correlation and multivariate regression between the mortality rate by COVID-19 and the
availability of intensive care unit beds in Brazil, 2020. COVID-19, coronavirus disease 2019; intensive care unit; SUS,

Sistema Unico de Saude.

DISCUSSION
This study showed that the distribution of adult ICU beds
in Brazil occurs heterogeneously among the Brazilian states.
In addition, there was an inverse relationship between the
mortality rate due to COVID-19 and the adult ICU rate in
public services.

Brazil has considerable social, economic, and health resource
disparities among the states. Despite the wide network of health
services, which includes 5,922 hospitals and 563 public health
laboratories®’, there are inequities in the distribution of these
resources. States located in the North and Northeast regions
historically had the highest inequalities regarding the provi-
sion of health services.

The North region presents one of the worst social and health
conditions, including low human development in 46% of the
municipalities, low number of physicians per 100,000 population,
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and a pragmatic social vulnerability®°. In addition, this study
found that North region has the lowest number of ICU beds
(n=1,331) and the lowest proportion of SUS beds per popula-
tion (0.9 bed per 100,000 population). In Amazonas state—one
of the states most affected by COVID-19 pandemic—the ratio
of physicians working in municipalities distant from the cap-
ital Manus city is 0.2 per 100,000 inhabitants and Amazonas
has only 271 ICU beds as reference to approximately 4.2 mil-
lion people, resulting in a rate of 6.5/100,000 population. In
addition, 182 of 271 adult ICU beds are available for SUS
patients (5.0/100,000)>".

Similar to the North region, the Northeast region has
poor social and health conditions and the COVID-19 cri-
sis has exacerbated the health problems!. For example, the
states of Pernambuco, Ceard, and Piauf are already presenting
a overcrowding of adult ICU beds. On April 30, Pernambuco
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state—the state with the second largest number of adult ICU
beds in the Northeast region (n=1,382)—already had 99% of
the ICU beds in the public service occupied"'.

In Brazil, an estimated 80% of population depends exclu-
sively on health services provided by SUS?. Thus, the signifi-
cant increase in the number of COVID-19 cases, with a con-
sequent increase in the number of critically ill people requiring
intensive care, may overburden the public health system. This
situation can be aggravated by the fact that 75% of health
regions have insufficient numbers of ICUs to guarantee the
care of the population before COVID-19°. Regardless of the
COVID-19 pandemic, the expectation for ICU beds will
certainly increase, as already observed in other countries'?,
and this situation would cause more pressure on the public
health system. Seriously, the lack of ICU beds would result
in increased mortality from both COVID-19 and other dis-
eases requiring hospitalization.

ICU care generates higher costs to the system, and in
the case of COVID-19 the costs may be higher because
of the long hospital stay of people in treatment for the
disease. However, in recent years, the largest health ser-
vice provider in Brazil has suffered from a lack of pub-
lic investments; austerity policies, restrictions on public
spending, underfunding, and the lack of political interest
are obstacles to strengthen the SUS. The Constitutional
Amendment No. 95, of December 15, 2016, is an example
of this process of reducing the public health system. This
amendment prevents the increase in health care costs for
20 years, starting in 2017, and represents the most seri-
ous threat to the principles that sustain SUS (Universality,
Integrality, and Equity)'?. In the face of the COVID-19
pandemic, the Brazilian response could be more effective
if SUS had received the necessary investments.

Nevertheless, due to the epidemiological scenario installed
in Brazil, some measures have been taken by the state authori-
ties. As a strategy for coping with COVID-19, many Brazilian
states, because of the low rate of ICU beds, have provision-
ally constructed field hospitals to exclusively treat COVID-19
patients, spawned a monthly national expense of 10.5 million'.
However, it is important to note that these field hospitals are
temporary structures, and after the pandemic, SUS will con-
tinue with the same structural problems as earlier. Therefore,
itis of fundamental importance that investments in the public

health system are continuous and guarantee the necessary sup-
port to its users even after the pandemic.

This study has some limitations. Underreporting may occur
since our analyses were performed from secondary data, and
they depend on the capacity of health and surveillance ser-
vices. Another limitation is the lack of data on ICU beds for
children. However, we believe that this does not compromise
our findings due to the low mortality rate in this age group. In
addition, the nonavailability of hospitalization rate represents
an important limitation. Thus, the causal relationship cannot

be established solely from ecological studies.

CONCLUSIONS

This study showed the importance of ICU beds as a determi-
nant of mortality. It is urgent to expand the care network for
patients with COVID-19 and to strengthen other measures that
can reduce the transmission curve, relieving the health system.
Monitoring of such measures is necessary to provide more infor-
mation about how the COVID-19 pandemic behaves in a country
with disparities in the allocation of health resources like Brazil.
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