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ABSTRACT

The aim of this study was to verify the availability of CT scanners in the Brazilian territory, for the period 2010
to 2017, comparing the results with those indicated by the Brazilian legislation (Ordinance GM/MS N°. 1101,
2002; Resolution RE N°. 1016, 2006). The second objective is a review of the most recent national data; stated
official statistics on the number of CT scanners installed in Brazil and compares them with the data available
from other countries, obtained in international publications. Estimates of the CT scanners distribution are made
by the utilization rate, which means the number of scans performed per thousand inhabitants multiplied by the
total population of the region, where as the maximum coverage area of scanner in a radius of 75 km or 100,000
inhabitants. The results suggest greater concentration of equipment in the Southeast, South and Midwest area,
private and public sectors, and a number of scans far above the recommended, throughout the Brazilian
territory. The number of CT scanners currently in operation in Brazil would have the ability to cater to a
population up to 110,7 % higher than the current population, and their geographical distribution within the

country largely unknown.
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1. INTRODUCTION

Computed Tomography (CT) was the first medical imaging system to produce fully digitized
images with good spatial resolution. Its sensitivity to small differences in the tissue attenuation
coefficient is about ten times higher than that of screen-film systems used in conventional radiology
[1, 2]. X-ray CT as diagnostic imaging method started in the year 1972, and caused a big change in
the diagnostic process in medicine. Since then, technological advances and their use in various
clinical specialties have been important. The use of CT diagnosis is widespread and digital image
reconstruction expands its applications every single day [3].

One of the latest advances in CT technology has been the introduction of the multislice scanners
(MSCT). The MSCT scanners increasing the diagnostic applications due to the considerable
reduction in the data acquisition time, with has made the acquisition process more comfortable for
patients. These MSCT scanners have a fundamental upgrade in single slice systems only when a
detector array allows multiple slice data to be acquired simultaneously, enabling the volumetric
section reconstructions of the patient's body [4].

Currently, CT scan is the main method of diagnostic imaging, characterized by the increasing
number of installed equipment worldwide. However, the expansion of this diagnostic method in
recent decades has caused its relatively high doses in patients to increase the exposure of the general
population [5]. The United Nations Scientific Committee on the Effects of Atomic Radiation (2010)
stated that 43% of the total collective effective dose comes from CT scans. For this reason, efforts
has been made by the scientific community to develop strategies to minimizing the doses in CT
procedures.

The distribution map and number of CT scanners, as well as the technological progress, allow
the creation of mechanisms to meet the local dose reference levels, also associated with the
justification of practices and optimization of technical procedures linked to the scanner type. In this
work, a survey was made of the number of CT scanners installed in Brazil and their distribution
throughout the national territory considering data up to 2017. The second objective is a review of

the most recent national data; stated official statistics on the number of CT scanners installed in
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Brazil and compares them with the data available from other countries, obtained in international

publications

1.1. - Amount of CT scanners in Brazil

The Brazilian law 453/98 SVS/MS [6], is the legislation that regulates the use of diagnostic
radiology in radiological practices in order to ensure the quality of the tests carried out, increasing
the degree of c diagnostic confidence and promoting radiation safety and optimization. The
Ordinance GM/MS No. 1101 (2002) determines the parameters of CT scanners per inhabitants in a
rate of one for every 100,000 inhabitants, or 10 per million.

In 2017, a total of 4,739 CT scanners were estimated throughout Brazil, representing an average
of 22.81 CT scanner per million. This amount of working CT scanners working represents an
oversupply. Available statistics indicate the number of installed scanners in use and the obsolete
equipment, but do not present data on the level of technological update of these scanners [7].

Minas Gerais is the Brazilian State with the largest supply of diagnostic health equipment per
capta, in 2017 registered 469 CT scanners installed. The supply of CT scanners in the private
healthcare system of Minas Gerais is 12.5 per million. Considering only the amount of equipment
installed on the private healthcare system in this State, this amount exceeds the CT scanners
installed in countries such as France, Australia and the United Kingdom. In the UK considering
public and private healthcare system, this ratio is 8.91. In France, the rate is 12.5, the same
registered only in private healthcare system of Minas Gerais.

Observing the evolution of the CT scanner rate by the state populations, there has been an
increase in recent years. The healthcare private system of Rio de Janeiro offers a rate of 21.3. The
rate in Sdo Paulo is 14.11, in Parana is 14.70 and in Rio Grande do Sul is 13.28. The state of

Rondonia is the second in the Brazilian score with a rate of 19.21 per million [§].

1.2.- Framework in the international context

The Japan is the country with largest number of CT scanners in the world. In 2014 presented a
rate of 107 CT scanner per million, followed by Australia, which is a distant second place, with a
rate of 56.09 [9]. From 2005 to 2011, the number of CT scanners in Japan increased by 47% (8,789

to 12,945), and similar results were observed in terms of their use [10]. In 1979, there was an



Alonso et al. ® Braz. J. Rad. Sci. @ 2020 4

increase of approximately 1,500,000 annual numbers of exams; this index reached an average of
12,000,000 in 1989, and 37,000,000 in 2000. The number of CT tests increased eight times
from1979 to 1989 and tripled from 1989 to 2000 [11, 12].

In the United States in 2006 were carried out approximately 62,000,000 CT tests, and in 2014,
the CT scans exceeded 81,000,000 [12, 13]. According to the article published by INCA (2014),
40% of the CT scans carried out in the United States is unnecessary and approximately 29,000 new
cancer cases are expected as a result of performing 72,000,000 CT scans. In England about
2,000,000 CT scans were performed over a year, representing approximately 9% of all radiological
examinations performed in the country. Even though individual test doses are small, when
multiplied by the number of scans performed, the analysis benefits and risks point to a potential
increased in future health risk for this unduly exposed population. This is due to the number of

requested examinations inappropriately [14].

2. MATERIALS AND METHODS

To know about the amount of CT scanners and clinical production in Brazil and other countries,
data sources from the IBGE (Instituto Brasileiro de Geografia e Estatistica) were used, through
publishing Research Medical-sanitary Assistance, data provided by the CNES (Cadastro Nacional
dos Estabelecimentos de Saude) and according to the OECD (Organization for Economic Co-
operation and Development) [9, 15; 16].

The previous survey of the number of CT scanners in Brazil indicated by their location was
seeking information from the data source from the Brazilian Ministry of Health [9]. In the analysis
of the CT scanner geographical distribution was considered the whole of scanners by Brazilian
State, the regional population and was calculated the rate for 100,000 inhabitants. The results were
analyzed by region according to the criteria of the Brazilian Ministry of Health, GM/MS No
1101/2002 [8, 17,18].
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3. RESULTS

3.1.-Distribution of CT scanners

Shortages and excesses can be found in the regional distribution of CT scanners. Some states
have oversupply while others do not have enough. In the South and Southeast regions, there is a
strong concentration in the supply of CT scanners. Figure 1 illustrates the distribution of CT
scanner for a group of 1,000 inhabitants in Brazil in 2010. In this map the area of the circles is

proportional to the CT scanners amount.

Figure 1. - Distribution of CT scanners in Brazil.

Source: IBGE, 2010.

In 2010, from 2,680 CT scanners distributed on the Brazilian territory, 52,77 % concentrated in
the cities of Sao Paulo and Rio de Janeiro, with a total of 1,413 units. The number of CT scanners in
cities where they have at least one device is the ratio of a scanner for 31,250 inhabitants. This is a
rate of 32.61 scanners per million.

There is an inadequacy between supply and demand in the distribution of CT scanners in
Brazil. There are cities with up to 164,00 CT scanners per million, more than 16 times the reference

parameter of availability, demonstrating the high concentration of this equipment in some places.
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Despite the lowest population density in the Midwestern, North and Northeast regions there is a
shortage in the supply. In Minas Gerais the distribution of CT scanners by the areas of the State is
not balanced. In the North State area 129 municipalities have their populations totally out of the

access to the CT exams (Figure 2).

Figure 2. - Distribution of CT scanners in Minas Gerais State.

Source: IBGE, 2010.

The majority of diagnostic procedures in Brazil is performed by the Sistema Unico de Saude
(SUS) and complemented by the provision of private services. Table 1 presents the number of CT
scanners by the regions of Brazil, in the years 2009 and 2015. The scenario of the technological
park of CT scanners points a positive fit for the diagnostic procedures performed by the SUS in
recent years. In the Southern Region in 2009, the rate was 1.40 per million and this grow up to

15.16 in 2015, overcoming the current reference index.
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Table 1. Number of CT scanners per million in Brazil.

Private Public (SUS) Total
Region

2009 2015 2009 2015 2009 2015
North 6.80 10.06 3.10 9.68 9.80 19.75
Northest 7.30 5.30 1.30 7.78 8.60 13.10
Southest 16.40 13.94 2.60 10.18 1890  24.12
South 15.50 10.08 1.40 15.16 1690 2524
Midwest 15.10 10.11 2.90 9.82 18.10 19.93
Brazil 10.60 9.70 2.20 9.90 12.80 19.58

In 2009 there were 2,477 CT scanners installed in Brazil, which corresponded to an index of
12.80 scanner per million. In 2014, the number of CT scanners installed was 3,791, representing an

addition of 53.05%compared to the year 2009, passing the index for 19.58 [7, 9].

3.2.-Bratzil in the global scenario

The increase in the number of CT scanners installed in the Brazilian technological park follow
the world trend. The availability of CT scanners in Brazil is in the average of the countries selected
for comparison of OECD (2017). The chart in Figure 3 presents the number of CT scanners per
million inhabitants in some countries, in the years 2010 to 2015.

On the world stage of CT scanners (Tab. 2) between 2010 and 2015, Brazil occupies the 16"
position having an index of 15.34 computed tomography equipment per million inhabitants. While
the Japan is in the first position with an index of 107.11 scanner per million in 2014 [10], and
Australia is on the second position with 56.09, in the same year [9]. Other works should be carried

out considering its geographic distribution and the technological evolution of the CT scanners.
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Figure 3: CT scanner distribution per million population — 2010 and 2015.
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Table 2. Number of CT scanners per million.
Year Germany Australia Brazil Canada USA France Italy Japan Mexico
2010  32.32 43.07 13.73 14.23 * 11.82  32.17 * 4.69
2011 32.86 44.32 14.49 14.62 40.87 12.53 32.62 101.28 4.52
2012 34.01 50.51 15.34 14.68 43.83 13.49 33.29 * 5.10
2013 33.72 53.68 * 1473 4343 1450 33.10 * 5.32
2014 3534 56.09 * * 40.97 15.33 * 107.12 5.92
2015 * 59.64 * 15.01 40.94 16.61 * * *
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Table 3. Number of CT scans in 2009 and 2014

Country 2009 2014

Brazil 8.8 19.0
Australia 91.5 115.2
South Korea 92.6 145.3
Denmark 91.5 1419
Iceland 156.2 173.1

Czech Rep. 87.5 958
Luxemburg 189.6 292.1

Turkey 963 145.0
Canada 122.2 131.5
Estonia 152.7 494.6
France 138.3 192.8
Israel 122.8 141.3
USA 252.7 254.6

A significant increase in the number of CT scans occurring in Brazil. Analyzing the data in
Table 3, adapted to 2014, it is possible to compare the average Brazilian CT examinations
performed for each 1,000 inhabitants and compare with other countries [9]. It is observed that the
US was carried out 13.37 times more CT scans than in Brazil. Identifies that since 2009 the
developed countries have produced an average of more than 100 CT scans for every 1,000
inhabitants. The Estonia in 2009 produced 152.7 for each 1,000 inhabitants and tripled this value in
2014. The Brazil produced on average 8.8 scans for each 1000 inhabitants in 2009 until 2014
practically doubled the number of scans [9].
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4. DISCUSSION

The supply of CT scanners to meet all Brazilian municipalities, either in private or public
service is more than enough when you consider the Park installed and the population, applying the
Brazilian reference parameter proposed for provision of such equipment. However, as the data from
this study demonstrate, the scanners are not distributed by nationwide according to population
distribution, causing the population of several municipalities does not have an easy access to the CT
examination. Therefore, the heterogeneous distribution of CT scanners with respect to the
population distribution in the Brazilian territory, causes a portion of the population has a much
higher offer than recommended and another portion has no possibility to access to the CT scans.
Even the part of the population that lies in the region of surplus scanners does not have access to
these CT exams, due to a non-egalitarian access to health services.

The increasing demand of CT scans is a reality worldwide. The solution to decrease this demand
would limit prescribing unnecessary tests and reduce variability in the services. However, some
factors may make the tests increase significantly in Brazil. Examples of these factors are: the
highest scope of the exam in recent years by SUS, the aging of the population and the lack of

information about benefits and risks.

5. CONCLUSION

There is no doubt the increase in the number of CT scanners in the Brazilian technological park,
especially in recent years. However, the CT scanners are not distributed according to the population
distribution in the territory. This fact does not indicate that the number of scanners is suited to
current needs or the number of scans performed is sufficient or excessive. These uncertainties
suggest the need for further researches on national guidelines for prescribing CT scans. In addition,
to adopt strategies of radiological protection, due to the risk associated with the ionizing radiation it
1s important to know the geographical distribution and the park technological evolution, appropriate

to local realities.
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