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Abstract: due to the declaration of the Covid-19 pandemic by the World Health
Organization in 2020, there was a significant increase in imaging exams to evaluate lung
problems, these being the organs most affected by the disease. Given this demand, it is
essential to understand how changes in the basic parameters of tomography exam
protocols influence the doses of ionizing radiation received by patients. For this study,
two test objects were used, one filled with water and the other with water containing areas
of different densities. The study was carried out with a scan length of 70 mm each, to
check variations in Hounsfield Units (HU) between exam protocols through statistical
analyzes using the SPSS 21 software. For this purpose, scans were carried out on chest
protocols routine on two computed tomography scanners from the same manufacturer,
one with 4 rows and the other with 64, but with different tomographic image acquisition
parameters. The scanning parameters used in the 64 rows tomograph were voltage of 120
kVp, modulated electric current, X-ray tube rotation time of 0.5 second, slice thickness
of 2.0 mm, intervals between slices of 1.0 mm and spiral pitch of 0.828 and in the
tomograph 4 rows, voltage 120 kVp, modulated electric current, X-ray tube rotation time
of 0.75 seconds, slice thickness of 4.0 mm, interval between slices of 2.0 mm, spiral pitch
of 1.0. The comparative results of the doses in the CT scanners showed that, in the 4 rows
CT scanner, the total milliampere seconds (mAs) was 15.43% and the scanning time was
52.33% longer compared to the 64 rows CT scanner. However, the volume-weighted
computed tomography dose index value (CTDlvor), the dose-length product (DLP) and
the effective dose (E) were, respectively, 34.74%, 49.46% and 50.46% lower in the 4 rows
tomography scanner compared to the 64 rows tomography scanner, which leads us to
identify which parameters of the tomographic examination contribute to this 50%
reduction in the effective dose between the tomography scanners. The identification of
these parameters in protocols will reference the development of protocols with low doses
of ionizing radiation, which will allow the optimization of exposure of patients who
require evolutionary monitoring of pathologies through tomographic images.

Keywords: Covid-19, Low Dose of Ionizing Radiation, Chest Computed Tomography,
Diagnostic Reference Levels.
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Impacto dos parametros da tomografia
computadorizada na dose de radiagao
em exames de imagem de torax: um
estudo comparativo entre tomografos

Resumo: Em funcio da declaragiao da pandemia de Covid-19 pela Organiza¢ao Mundial
da Satde em 2020, houve um aumento significativo na realizag¢ao de exames por imagem
para avaliacio de problemas pulmonares, sendo esses os 6Orgaos mais afetados pela
doenca. Dada essa demanda, é fundamental entender como alteragdes nos parametros
basicos dos protocolos de exames de tomografia influenciam as doses de radiacdo
ionizante recebidas pelos pacientes. Para este estudo foram utilizados dois objetos testes,
um preenchido com 4gua e outro com agua contendo areas de densidades diferentes. O
estudo foi realizado com 70 mm de comprimento de varredura em cada, para checagem
das variagoes de Unidades de Hounsfield (HU) entre os protocolos de exames por meio
de analises estatisticas utilizando o software SPSS 21. Para isso foram realizadas
varreduras em protocolos de torax rotina em dois tomoégrafos computadorizados do
mesmo fabricante sendo um com 4 canais e o outro com 64, mas com parimetros
tomograficos de aquisi¢ao de imagens diferentes. Os parametros de varredura utilizados
no tomografo de 64 canais foram, tensao de 120 kVp, corrente elétrica modulada, tempo
de rotacao do tubo de raios X de 0,5 segundo espessura de corte de 2,0 mm, intervalos
entre cortes de 1,0 mm e Spiral pitch de 0,828 e no tomobgrafo 4 canais, tensao 120 de
kVp, corrente elétrica modulada, tempo de rotagao do tubo de raios X de 0,75 segundo,
espessura do corte de 4,0 mm, intervalo entre cortes de 2,0 mm, Spiral pitch de 1,0. Os
resultados comparativos das doses nos tomdgrafos apontaram que, no tomografo de 4
canais, o total de miliampere segundo (mAs) foi 15,43% e o tempo de varredura 52,33%
maiores em compara¢ao com o tomografo de 64 canais. Entretanto, o valor indice de
dose em tomografia computadorizada ponderada por volume (CTDlvor), o produto dose
comprimento (DLP) e a dose efetiva (E) foram, respectivamente, 34,74%, 49,46% e
50,46% menores no tomobgrafo de 4 canais em comparacio ao tomobgrafo 64 canais, o
que nos leva a identificar quais parametros do exame tomografico contribuem para essa
reducao de 50% da dose efetiva entre os tomografos. A identificagao destes parametros
em protocolos, referenciara a elaboracio de protocolos com baixa dose de radiagao
ionizante, que permitird a otimizac¢ao da exposi¢io dos pacientes que necessitam de
acompanhamento evolutivo de patologias através de imagens tomograficas.

Palavras-chave: Covid-19, Baixa Dose de Radia¢io Ionizante, Tomografia
Computadorizada de térax, Niveis de Referéncia Diagnostica.
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1. INTRODUCTION

Computed tomography (CT) is a necessary tool to assist in medical diagnosis as it
provides detailed images that help in the discovery, treatment and monitoring of various
clinical conditions of patients. However, the high dose of ionizing radiation emitted by CT has
raised concerns among entities promoting radioprotection. Studies indicate that CT, although
representing only 10% of all medical exposures, is responsible for more than 60% of the
collective effective dose. Comparatively, a chest CT exposes the patient to an average dose of

10 mSv, while a PA chest X-ray exposes the patient to only 0.1 mSv on average [1, 2].

Studies have shown that exposures increase the probability of inducing cancer even at
low doses, with a 4% increase in the risk of cancer-related death for each 1.0 sievert (Sv)
increase in the effective dose. The Covid-19 pandemic caused a sharp increase in the use of
chest CT for diagnosis and monitoring of pathology, further increasing exposure to ionizing
radiation. Given this situation, it is essential to optimize radioprotection planning, aligning it
with the objectives of medical exposure to minimize absorbed radiation doses without

compromising diagnostic quality [3, 4].

Routine chest CT protocols have an effective dose of 8.0 to 10.0 mSv, while studies
suggest that low dose protocols should be less than 2.5 mSv. Low dose protocols for CT are
not yet well defined quantitatively in the literature, making it difficult to standardize them,

which is so necessary in the post-covid-19 pandemic context [5, 6].

The lack of standardization of Diagnostic Reference Levels (DRL) for CT exams
causes uncertainty in the definition of dose standards for chest CT in routine protocols,
making it difficult for agencies promoting radioprotection to establish parameters for low
dose exams [7, 8, 9]. In this sense, this study aims to compare the effective dose between

routine chest CT protocols from two tomographs and discuss the need to establish DRLs,
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which will serve as references for the development of low dose CT protocols, aiming to

reduce the dose of ionizing radiation and promote more optimized medical exposures.

2.METHODOLOGY

In ANVISA normative instruction 93 (IN 93), in its annex I, the maximum references
for representative dose values in medical CT are established, presenting the references only
for three types of exams, head and abdomen (typical adult)! and abdomen (pediatric)? [10].
On the Table. 1 presents CTDIvor, DLP and effective dose values for chest CT, established

by radiological protection regulatory agencies in several countries.

Table 1: Reference values for CTDIyor, DLP and effective dose.

Countries or CTDIvoL DLP Effective dose
Regulatory Agency (mGy) (mGy.cm) (mSv)

United Kingdom [7] - - 14
USA [7] - - 6.1
Russia [7] - - 6.3
United Kingdom [§] 14 580 8.1
Europe [8] 30 650 9.1
TAEA [§] 9.5 447 6.3
Korea [8] 15 550 7.7
ACR [9] 12 443 6.2
NCRP [9] 21 - -

Japan [9] 15 550 7.7
European Union [9] 10 400 5.6
United Kingdom [9] 12 610 8.5
Ireland [9] 9 390 5.5
Australia [9] 15 450 6.3
Canada [9] 14 521 7.3
Saudi Arabia [9] 5 190 2.7
Greece [9] 14 480 6.7

1 Weight between 60 and 75 kg and height of 1.60 to 1.75 m.
? Individual aged 5 years, weighing approximately 20 kg.
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After the publication of this IN 93, it became mandatory to provide CTDIw or
CTDlIvor and DLP in standard DICOM images of all tomographic exams [10].

The main ionizing radiation dose indices for tomographic examinations are provided

in the dose reports for each tomographic examination and presented below:

* CTDlIvor (The Volume Computed Tomography Dose Index): measured in mGy,

represents a dose estimate adjusted to the scanned volume.

* DLP (Dose-Length Product): measured in mGy.cm, it is the product of CTDIvor.

and the length of the exam.

e Effective Dose (E): is the product of the DLP and a specific constant (k) for each
region of the human body scanned (for chest, k = 0.014 mSv/mGy.cm), measured in mSv

12, 7].

These indices are used as a reference for optimization and radioprotection in
tomographic examinations. In this study, the effective dose was adopted to compare doses

between different exam protocols [11, 12, 13, 14]

The study evaluated chest scanning protocols (routine)® on two CT scannets, and the

basic parameters are presented on table 2, and were taken from the details of protocols.

Table 2: Basic parameters chest scanning protocols

Parameters Tomographs
64 rows 04 rows
kVp 120 120
Electric current (mA) modulated modulated
X-ray tube rotation time (s) 0.50 0.75
Slice thickness (mm) 2.0 4.0
Interval between slices (mm) 1.0 2.0
Spiral pitch 0.828 1.000

3 Protocol for the study of rib cage tissues that covers most of the clinical indications for carrying out a
tomographic examination of the structure.
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These are the main parameters of thoracic pathology assessment protocols.

To understand how changes in the basic parameters of routine protocols for chest CT
reflect the variation in effective dose, a pilot study was carried out on two CT scanners from

the manufacturer Canon Medical (Toshiba).

Test objects supplied with the CT scanners and used in quality control and calibration
tests were used, by checking variations in the Hounsfield Units (HU) with standards provided

by the manufacturers.

For the pilot test, the routine protocol for chest scanning was used on both

tomographs, with a scan length of 70 mm on both test objects.

The test objects used were the Water Phantom filled with water, Fig. 1, in a cylindrical
tormat of 330 mm in diameter and 90 mm in height and the TOS Phantom, Fig. 2, with areas
of varying densities and filled with water, in a cylindrical 330 mm in diameter and 100 mm

in height.

The readings on the images of the test objects were carried out using the Horos
software [15] and the HU value reading tool (ROI)* was used, in an elliptical shape and with

an equal area for each measurement.

In the water phantom, the ROIs were distributed like the hours of a clock to verify

the uniformity of the HU values in the test object.

4 Region Of Interest.
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Figure 1: Position ROI's in Water Phantom

N

Central

Source: owner; left TC 64 row, right TC 04 rows.

In TOS Phantom, Fig. 2, the ROIs present the same size and shape. The ROIs were
positioned in each region so that they fit completely within the studied area so as not to go

beyond the limits of the regions, causing interference in the measurements.

Figure 2: Position ROI's in TOS Phantom.

Source: owner; left TC 64 row, right TC 04 rows.
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The values of the readings obtained in the test objects were subjected to statistical
tests to evaluate these data, presenting the average and standard deviations, evaluation of the
dispersion of the data in relation to the average through the coefficient of variation, the
analysis of statistical significance of the differences of the average using the paired two-
sample t-test and finally measuring the degree of linear correlation between two variables

using the Pearson correlation coefficient [16].

The analyses were performed using IBM SPSS 21 software [17] and the results are

presented in section 3.

3.RESULTS

Statistical analysis of the data obtained are presented in tabs. 2, 3, 4 and 5, where (N)
is the number of slices from which measurements were taken on the phantom, the average
and standard deviation (SD) of the samples, coefficient of variation (CV) expressed as a

percentage, p-value and Pearson's Correlation coefficient (r).

Below in table 3, the descriptive statistics of the HU values read in the water phantom

in the tomography are presented.

Table 3: Water Phantom statistical data

64 ROWS 12H 3H 6H 9H CENTRAL
N 27 27 27 27 27
Average -13.83 -11.35 -6.81 -10.62 -0.59
SD 0.87 0.48 0.57 0.21 0.50
CV (%) -0.06 -0.04 -0.08 -0.02 -0.84
04 ROWS 12H 3H 6H 9H CENTRAL
N 26 26 26 26 26
Average -11.34 -8.98 -3.84 -6.24 0.35
SD 0.40 0.22 0.58 0.33 0.50
CV (%) -0.03 -0.02 -0.15 -0.05 1.42
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The coefficient of variation presented small values indicating a low dispersion of the

data in relation to the average.

Table 4 presents the results for p-value and Pearson's correlation coefficient of the

data obtained in the water phantom in both tomography devices.

Table 4: Correlations between CT regions 64 rows x 04 rows in the water phantom

64 ROWS X 04 ROWS 12H 3H 6H 9H CENTRAL
N 26 26 26 26 26
p-value 0.09 0.12 0.04 0.45 0.17
ez s Corelbition 0.34 0.31 0.41 0.16 0.28
coefficient (r)

In the analysis of the p-value, the 12 h, 3 h, 9 h and central positions present values
greater than 0.05, indicating the absence of significant statistical differences when comparing
the data obtained from the tomographs. At the 6 h position, the statistical difference is

significant in this group

Pearson's Correlation coefficient between the 12 h, 3 h and 6 h positions has a weak

linear correlation, while the 9 h and central positions have nonlinear correlation.

Table 5 below presents the descriptive statistics of the TOS phantom.

Table 5: TOS Phantom statistical data

64

ROWS A B C D E F
N 38 38 38 38 38 38

Average -968.84 328.42 117.47 82.51 -106.68 -0.94
SD 0.66 1.48 0.84 0.61 0.45 0.72

CV (%) -0.0007 0.0044 0.007 0.0074 -0.004 -0.77
04

ROWS A B C D E F
N 28 28 28 28 28 28

Average -984.68 354.38 119.98 85.30 -105.98 0.13
SD 0.59 1.09 0.62 1.13 0.30 0.25

CV %) -0.0006 0.0030 0.0051 0.0132 -0.0027 1.97
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In the TOS phantom, it is also observed that the coefficient of variation presented
small values in the studied regions, indicating a low dispersion of the data in relation to the

average.

Table 6: Correlations between CT regions 64 rows x 04 rows in the TOS phantom

64 ROWS X 04 ROWS A B C D E F
N 28 28 28 28 28 28
p-value 0.95 0.38 0.26 0.68 0.38 0.84

Pearson’s correlation

. -0.01 0.17 0.22 0.08 0.17 -0.04
coefficient (1)

Evaluating the statistical differences between the groups by analyzing the p-value, they
indicate that in positions A, B, C, D, E and F, values greater than 0.05 demonstrate the

absence of significant statistical differences when comparing the data obtained.

The Pearson's correlation coefficient between positions A, B, C, D, E and F shows a

nonlinear correlation.

Data from the pilot study as described in the methodology, carried out with the Water
Phantom, were extracted from the CT scanner dose report and the effective dose was

calculated. These data were tabulated and presented in Table 7.

Table 7: - Data obtained in the preliminary test.

Tomograph (Chest routine)

Dose parameters 64 rows 04 rows lefirence
Yo
Scan Length (mm) 70 70 -
Total mAs 1595 1841 15.43
Scan Time (s) 6.86 10.45 52.33
CTDlvor. (mGy) 38.00 24.80 -34.74
DLP (mGy.cm) 537.80 271.80 -49.46
Effective Dose (mSv) 7.53 3.80 -50.46

It is observed that the 4 row CT scanner presents a total of mAs 15.43% higher, that

may be justified by the fact that the scan time is longer, a scanning time 52.33% longer,
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because the X-ray tube rotation time is 50% longer than the 64 row CT scanner, a CTDlIvor,
34.74% lower and the DLP is 49.46% lower and the effective dose value is 50.46% lower,
compared to the 64 row CT scanner. The ionizing radiation dose indices for tomographic
exams are lower and are directly related to an increased X-ray tube rotation time, causing a
reduction in mA, and with a spiral pitch of 1.000, eliminates the overlap between slices; these
are possible factors for a lower ionizing radiation dose in the 4 row CT scanner. The statistical
tests performed on the test objects indicate a low dispersion of the data in relation to the
averages, with no significant statistical differences and weak or null linear correlations. Such
result shows that the variations in the data were not significant and that the quality of the
images in the CT’s are equivalent, therefore both tomographies present diagnostic quality for

carrying out examinations.

Therefore, since the reference dose measurements for the 4-slice CT scanner were
lower than those for the 64-slice scanner, it is proposed that the basic parameters of the
routine chest protocol used in the 4-slice scanner could serve as a basis for developing a low-

dose protocol, while assessing the adequate preservation of image quality.

In the context of radiological protection, using references that reduces the dose in
tomographic examinations by 50% with image quality for diagnosis, has a positive impact on
planning the optimization of the dose of ionizing radiation in patients, especially in

sequenced examinations that are often necessary for monitoring pathologies.
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4. CONCLUSIONS

The statistical tests indicated that for the Water Phantom in both tomographs the
coefficients of variation present low data dispersion in relation to the average, showing no
statistically significant differences in the 12 h, 3 h, 9 h and Central positions and having a
significant statistical difference in the position 6 h, showing a weak linear representation

coefficient at positions 12 h, 3 h, 6 h and nonlinear correlation coefficient at 9 h and Central.

The statistical tests presented for the TOS Phantom in both tomographs show low
dispersion of the data in relation to the average, with no statistical differences revealed in the

regions and the linear correlation coefficient in the regions is null.

As shown, small differences between the basic parameters of chest tomographic
scanning protocols, in the tomographs presented in this study, can result in a reduction of

up to 50% in the effective dose.

A clear definition of Diagnostic Reference Levels of ionizing radiation for
tomographic examinations is essential for effective planning aimed at reducing dose and

optimizing radioprotection for patients.

Additionally, it is important to objectively establish well-defined concepts of
Diagnostic Reference Levels to guide the creation of protocols that use low doses of

ionizing radiation.

The development of low dose ionizing radiation protocols in tomographic
examinations is of great importance in the process of optimizing and planning
radioprotection, providing lower exposure and contributing to the reduction of individual

effective doses and, consequently, collective effective doses.
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