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ABSTRACT

Computed tomography (CT) represents a large percentage of radiation dose at medical exposures. Therefore,
optimizing patient protection has been a practice with an important discussion. This study aims to estimate the
absorbed dose in relevant organs and tissues in head CT scans in adult patients based on automatic modulation
of the tube current (mA) and current-time product (mAs), and volumetric air kerma index (CvoL). For that,
these parameters were collected during three bimesters in two institutions with ample attendance in
Petrolina/PE. One from the private sector, named institution A and another from the public sector, named
institution B. Dose evaluation was performed through CALDose XCT simulation software. The results showed
that mean values of mA and mAs per bimester were lower at Institution A, where the automatic exposure control
(AEC) was activated, following the guidelines of good practice in CT scans. The CvoL presented mean values
within the recommended levels, although at Institution B this parameter has presented greater magnitude. In
simulations, institution B presented higher absorbed doses in the relevant structures, corroborating with the
lower optimization of mA, mAs and CvoL. This work showed the existence of the link between radiological
parameters and the dose absorbed in the patient, suggesting the accomplishment of optimization studies in head

CT exams.
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1. INTRODUCTION

Computed Tomography (CT) is used in medical practice to diagnose clinical conditions and
guide the appropriate medical procedure [1] quickly and accurately. On the other hand, it presents a
large percentage of the dose in exposures, what brings the necessity of some measurements to
optimize patient protection [2].

In many developed countries, CT is the dominant source of exposure to ionizing radiation
produced by man, accounting for around 70% of contributions in the USA and the United
Kingdom [3]. The National Council for the Protection and Measurement of Radiation (NCRP) of
the USA showed that, despite constituting only 17% of all radiological exams, CT represents about
49% of the collective effective dose in patients [4].

According to the International Commission for Radiological Protection (ICRP 180), CT
contributes an average of 57% of the collective effective dose in most European countries,
demonstrating that it alone accounts for more than half of medical exposure [5].

In Brazil, according to the Supplementary Health Care Map, the number of CTs performed by a
thousand beneficiaries increased by 21% between 2014 and 2016 and went from 149 in 2016 to 153
in 2017 [6,7]. In Pernambuco, taking into account all CT scanners distributed in the state, Petrolina
is the third city with the largest amount [8], making it a distinguished city in terms of performing
CT exams in the region.

Bearing in mind that CT is a technique that can provide high radiation doses, its use must
therefore be performed safely. This work aims to estimate the absorbed dose in tissues and organs
in CT scans of the head based on automatic exposure control (AEC), which modulates the current
tube (mA) and the current-time product (mAs), and the volumetric air kerma index (CvoL) in two
computed tomography services with comprehensive care in Petrolina/PE, in order to investigate the

degree of dose optimization in these exams.

2. MATERIALS AND METHODS

In order to carry out a comparison between public and private facilities with assistance in head

CT scans in Petrolina/PE, two were chosen for the development of this work.
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The private was named here as institution A and the public named as institution B. Institution A
has a Philips CT scanner, Brilliance model of 64 channels, and institution B has a Toshiba CT

scanner, model Aquillion CXL also of 64 channels.

2.1. Ethical and Legal Issues

This work was started after approval by the Research Ethics Committee (CEP) of UNIVASF,
linked to the National Research Ethics Commission - CONEP for research involving human beings,
with a certificate of presentation for ethical appreciation (CAAE) n° 72193117.1.0000.5196.

2.2. Quantitative study of head CT exams in health institutions

In order to verify which routine procedure was most performed, 9223 CT scans of the head,
chest and abdomen were collected through the data of tests performed in both institutions. Then, the
period from October 2017 to March 2018 (six months) was adopted for the collection and, from
that, it was verified which of these exams was the most frequent within this interval. The focus of
this work was considered as the most frequent exam in both institutions, more specifically, the head

exams. Once the number of CT scans was collected, one of them was chosen as the focus of study.

2.3. Study of parameters — mA, mAs and CvoL

Before evaluating the optimization of the radiological parameters, the CvoL values presented on
the equipment's consoles were compared with the experimental ones. For this, CvoL was calculated
using a PPMA (Polymethylmethacrylate) head phantom after acquisitions using routine protocols.

These results are shown in Table 1. It is observed that the values presented show a relative

deviation of less than 10% in both institutions.

Table 1: Comparison between measured values of CvoL and those displayed on consoles

o CvoL measeure Relative
Institution CvoL console o
PMMA Phantom Deviation (%0)
29,3 32 8,4

B 49,4 52 50




Albuquerque Janior ef al. ® Braz. J. Rad. Sci. ® 2021 4

The equipment consoles were accessed to collect the mA, mAs and CvoL parameters and verify the
use of the AEC in acquisition. Figure 1 illustrates the console monitor of institution B's equipment
from which it was possible to extract some of this information.

D : SIS

Birth Date : 1980228
Sex : F Reight(kg) :
Patient Cossent : 185062_1
Study Date : 2018072.21
Requesting Depertsent @
Referring Physician @

Reporting Physician @
Operator Neme @ Total leege Nusber : 438

<€ Dose Information >
Total sfis : 2933 Total Scan tise : 1513
CiDivol (aBy) (Head) : SI.70 (Body) : -
DLP(mGvcm) (ead) : 91220 (Body) & -

<< Contrast/Enhance Information )
Contrast Neme : NONE

Figure 1: Institution B equipment operating console interface.

The radiological parameters were divided into radiographics (mA and mAs) and dosimetrics
(Cvovr). It was possible to fill each parameter in a table after the exams were completed by the
operator.

In order to verify the reproducibility of the head CT exams, the acquisition of the radiological
parameters was performed during three bimesters with intervals of one month between them from
October 2017 to May 2018 with the maximum number of head exams being accessed on CT
system. At the end, 389 scans were obtained at the institution A and 336 at B. Thus, average and
standard deviations were calculated for each parameter per bimester for both institutions.

It was also observed the existence of repetitive data to investigate the degree of agreement of the
results under the same measurement conditions.
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2.4. Estimated absorbed doses in organs with CALDOSE_XCT

The dosimetric study of the institutions was carried out using the Monte Carlo (MC) simulation
software CALDOSE_XCT [9]. The software allows the choice of radiological parameters and the
type of CT equipment that are selected from the available options, without the possibility of
modification in each round of MC.

Figure 2 illustrates the CALDOSE_XCT software interface. It is possible to observe the fields
for the selection of the characteristics of the phantom as well as for the filling of some radiological
parameters for the dosimetric study based on the kerma in the air at the isocenter, mAs and CvoL.

Here, the CvoL parameter was adopted to analyze the relationship between radiological parameters
and doses in relevant organs in patients.

® e .‘.

Adult: Male, 79.0 kg, 176.4 cm v

PHILIPS Brilliance 64 or 40

v B

Helical (spiral) X

For CT simulations the phantom is
placed on a carbon fibre table and the
arms are removed.

Figure 2: CALDOSE_XCT software interface.

In simulations of adult patients, the software has virtual phantoms to measure the absorbed dose
in reference individuals, according to ICRP 89 [10], with predetermined data, such as height and

body mass for men and women. In addition, it is possible to vary the age between 20 and 80 years.
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In each simulation, the fields referring to the parameters were filled with the data collected from
those patients who exhibited the characteristics closest to the phantoms available in the software.

In the present study, only four presented the factors closest to the software standards for
individuals of both genres.

Thus, the following phantoms were used: both at Institution A and B, the statures and body
masses were 176 cm and 79 kg for the male, and 164 cm and 65 kg for the female. Male individuals
were considered 39 years old at Institutions A and B and female 35 years old at Institution A and 30
years old at Institution B.

The results of dosimetric calculations by MC were displayed on the software user's screen after
an average time interval between 60 and 90 s, as shown in Figure 3.

DATE: ©1-08-2018 TIME: 9:34:59.
HEAD CT EXAMINATION FOR PHILIPS Brilliance 64 or 40
MALE ADULT PATIENT, AGE: 39.0 YEARS
BODY MASS: 79.0@ KG, STANDING HEIGHT: 176.4 CM

120 kVcp 8.0 mm Al 7 Deg Tungsten IPEM/SR78
MEAN SPECTRAL ENERGY: 63.4 keV
HELICAL (SPIRAL) SCAN, TABLE INCREMENT: 1.57 CM
NUMBER OF ROTATIONS: 10 PITCH: @.39
SOURCE-TO-ISO-CENTRE DISTANCE: 57.0 cm
TOTAL FIELD SIZE AT ISO-CENTRE: 6@.6 cm x 15.7 cm
BEAM WIDTH AT ISO-CENTRE: 4.0 cm SCAN LENGTH: 15.7 cm
USER CTDIvol: 32.000 mGy

ABSORBED DOSE

ORGAN/TISSUE mGy %
EYES 19.77 1.51
BRAIN 19.90 0.19
ORAL MUCOSA 1.224 3.13
LUNGS 0.032 4.20
MUSCLE 0.256 0.36
SKIN (AREA COVERED BY CT BEAM) 22.40 0.46
SALIVARY GLANDS 2.860 1.83
EXTRATHORARCIC AIRWAYS 4.684 1.25
LYMPHATIC NODES 0.044 7.05
SKELETON AVERAGE 10.09 0.12
MAXIMUM RBM ABSORBED DOSE 17.08 0.91
MAXIMUM BSC ABSORBED DOSE 21.74 0.91
MALE WEIGHTED DOSE 0.628 0.23

Figure 3: Report of absorbed doses for organs and tissues issued by the software.
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3. RESULTS AND DISCUSSION

Figure 4 shows the number of CT scans of head, chest and abdomen performed at institutions A
and B from October 2017 to March 2018. It is observed that head exams are the ones that most

occur in both institutions.

Institution A

1052 (23%

1219 (27%)

B Head
B Chest
%/ Abdomen

2257 (50%)

Institution B

582 (12%)

’////////// 15%

W Head

H Chest

Abdomen

Figure 4: Number of head, chest and abdomen exams performed at the institutions.

Furthermore, Figure 4 reveals that head CT exams showing an important dose contribution in
radiosensitive organs that come from head's structure studies. It is noteworthy that institution B has
a higher demand for head CT.

Table 2 shows the average values of the mA, mAs and CvorL parameters collected from routine
head examinations performed at institutions A and B during the three study periods (October 2017
to May 2018).

According to Table 2, the average CvoL value presented in all bimesters at Institution A is at a
level below what is most common to find in head tomography exam protocols. This is because of
the iDose* iterative reconstruction technique used by that manufacturer. The implementation of
iDose* on the Philips CT scanner platforms allows for a significant dose reduction, preserving the

image quality for a complete scan and justifying the amount presented.
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Table 2: Average values of mA, mAs and CvoL collected at Institutions A and B.

Bim. Inst. mA MAS CvoL
. A 135+ 22 101+ 17 32+4

' B 220+ 0 1650 52+0
. A 133+ 16 99+11 32+4

’ B 220+ 0 1650 52+0
. A 143+ 15 117 +11 32+4

’ B 220+ 0 165+0 52+0

Figure 5 (a) shows the mean values of the tube current (mA) presented in the three bimesters for
head exams at institutions A and B. Figure 5 (b) shows the mean values of the current-time product

(mAs) presented in the three bimesters for head exams at institutions A and B.

@) I nstitution A
I nstitution B

225

Tube current (mA)
o
o

~
o1

B Institution A
B Institution B

w
o
o

-
o
o

Product-time current (mAs)
S
o

0

Bimester 1 Bimester 2 Bimester 3
Figure 5: Average values of mA (a) and mAs (b) in three bimesters.
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In Figure 5 (a) it is observed that there was a variation on mA between bimesters at Institution
A. This is possible due to the use of automatic exposure control (AEC), which promotes automatic
modulation of mA according to the individual characteristics of each patient [11]. At institution B,
the average value was constant in the three bimesters, indicating the absence of mA modulation in
the protocol. During acquisition, it was identified that the AEC system was not enabled for routine
head acquisitions at this institution.

The AEC controls the mA values, maintaining a balance between dose and image quality.
Acquisitions with the same mA will provide a constant current without considering the
characteristics of the patients, which may even be influenced according to gender and age. In
addition, the dose should be optimized in younger individuals, as they are more sensitive to
radiation [12].

Figure 5 (b) shows that at institution A there was a small variation between bimesters of the
mAs values. At Institution B, on the other hand, they were constant. It is worth mentioning that the
dose increases with the variation of the mAs, showing that this parameter has a linear relationship
with the dose absorbed by the patient [13].

The reduction of mAs is an attenuating method for the patient dose, which can be performed
with a low mA or through the AEC applied to the examination protocol. Dose optimization can be
performed depending on the mA modulation by applying AEC activation at the time of the
acquisition [14,15]. The same goes for the mAs, which simply represents the product of mA per
time of exposure during acquisition [16].

Depending on the manufacturer's settings, the dose reduction can be up to 60% with the use of
AEC for modulation of mA and mAs [17].

Head CT should be carefully monitored to optimize the dose to the eye lens. The use of AEC,
compared to the examination with fixed mAs, achieves a substantial decrease in the absorbed dose
for this structure, while maintaining a good signal-to-noise ratio in the image [18].

In view of what these studies mention about dose optimization in head CT exams, it is observed
that the results presented at institution A better ratify the consulted literature, even considering the
recommendations of the good practice guides [2, 19].

Figure 6 shows the average values of the Volumetric Air Kerma Index (CvoL) for head exams at

institutions A and B during the three bimesters of the experimental period.
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According to the results, it is possible to have less optimization in head CT at Institution B. Its

average values of CvoL per bimester are about 1.6 times higher than those of institution A.

Bl |nstitution A
(UK PHE) T B |nstitution B
5 (ACR)
3
§, 50
-
o
>
(&
25
0

Bimester 1 Bimester 2 Bimester 3

Figure 6: Average CvoL values in the three bimesters for head exams with references from the
United Kingdom (green), American College of Radiology (black) and European Commission,
United Kingdom and Spain (red)

This implies in a dose increase of approximately 60%. However, it is emphasized that although
the dose can always be reduced, there is a need to check the quality in terms of image resolution,
contrast and noise so that confidence is maintained in the images to be studied by radiologists.

As shown in Figure 6, the was evaluated CvoL according to the average values of this parameter
for head CT exams at institutions A and B. The 2004 European guide [19] recommends that CT
scans for brain study and for examinations of the temporal bone should have a CvoL less than
60 mGy. The United Kingdom guide [3] indicates that the diagnostic reference levels (DRLsS) for
CvoL should be less than 80 mGy in region of the posterior fossa and less than 60 mGy for brain.
The ACR [20] features CvoL as DRL in head CT scans of adult patients and cannot exceed 75 mGy.
The Spanish protocol [21] shows that the CvoL in head CT scans cannot exceed 60 mGy.

The illustration shows that CvoL values, for both institutions A and B, are in accordance with
the cited reference levels. The average CvoL values presented by institution A in each bimester

represent approximately 53% of the reference for the temporal bone according to the European



Albuquerque Janior et al. ® Braz. J. Rad. Sci. @ 2021 11

guide [19] and for brain exams, according to the European, United Kingdom and the Spanish
protocol guides [19, 3, 21]. As for the posterior fossa, it represents around 40% of the Cvol,
according to the United Kingdom guide [3], and about 43% in relation to the ACR [20].

At institution B, it was found that the average CvoL value in each bimester represents around
87% of the recommendation for brain [19,3,21] and for temporal bone [19]. For posterior fossa
region, the CvoL value represents about 65% of the United Kingdom reference [3]. For ACR [20],
this value represents around 69% of the recommended amount.

According to the results, there is less optimization in the head protocols of institution B,
although the average CvoL values per bimester at institution B are below the reference standards
levels.

Figure 7 shows absorbed doses by some relevant structures for individuals of different genres at
Institutions A and B. It is observed that institution B presented higher doses in relation to

institution A. In addition, for both institutions, doses in females were higher than in males.

BSC Bl Vale
REM Bl Female
Institution A

Ext. airways
Sal. glands
Oral mucosa
Brain

Skin

Eye lens

BSC

RBM
Ext. airways B Vale
Sal. glands - Fe-male
Institution B

Oral mucosa
Brain

Skin

Eye lens

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Absorbed dose (mGy)

Figure 7: Absorbed doses in relevant structures measured from CyoL values at institutions A and
B within the recommended limits.
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The mean values of mA and mAs at Institution A were lower than those presented by institution
B due to the use of activated AEC in the head protocols, in compliance with the recommendations
of IAEA [22] and ICRU [23]. This is reflected in the optimization of dose parameters, as can be
seen in the results of average CvoL values presented. As the activation of the AEC is not yet a
consensus, that is, that it may or may not be used (even if there are still recommendations in good
practice guides), it is necessary to carry out a complementary assessment of the image quality in
head CT exams according to its use.

In Figure 7, it is observed that institution B presented higher doses. In addition, for both
institutions, doses in females were higher than males.

Structures such as eye lens, brain, skin, bone surface cells (BSC) and red bone marrow (RBM)
showed the highest absorbed doses, as they are fully inserted in the volume of the primary beam.
The oral mucosa, salivary glands and extra thoracic airways are partially in the beam volume,
therefore, they presented lower doses [24]. It is important to note that the risk does not depend only
on the absorbed dose, but also on the biological sensitivity of the irradiated tissue or organ [25].

These results corroborate with the study of radiological parameters that showed less
optimization at institution B. CvoL describes the absorbed dose in axial plane of the structure in the
irradiated volume, that is, its increase raises the dose in the structures. Thus, it is understood that
higher doses reflect less optimization.

The absorbed doses in RBM and BSC were obtained from bones located inside the beam
volume with the highest dose among the skeletal tissues. The skin also showed large doses for
individuals of both genres. This may be due to the interaction of the volume of the primary beam
with the portion of the irradiated structure. The tissues inside the patient's head absorb lower doses,
since the beam deposits its energy in other more superficial structures.

Although the eyes are rarely regions of diagnostic interest in head CT exams, they are often
included in the scan, being an area of great concern, as the eyes lens is one of the structures with the
greatest biological sensitivity to radiation from the human body. Therefore, optimization of the dose
on head CT is essential for its protection [26].

Sensitive cells are in the frontal region of the eye lens, absorbing higher doses, which can be

affected even by the acquisition technique. In the anteroposterior (AP) projection the dosimetric
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values are up to 60 times greater. In addition, modulation of mA and mAs (use of AEC) can
decrease the eye lens dose by more than 47% [27].

Another form of dose optimization that has been discussed is the modulation of organ-based mA
(OBTCM). This technique keeps the average dose of total radiation constant, reducing direct
exposure to organs such as the eye lens [26].

It is observed that at institution B the absorbed doses by the lens were about three times higher
among individuals of both genres, compared to institution A.

In addition, doses were differentiated in the tissues and organs of the phantoms for men and
women. This behavior is due to body structures that have different anatomical and physiological
characteristics for individuals, with greater or lesser energy deposition in their structures [28].

In view of the above, institution A presented more optimized results according to the studies for

head CT examinations.

4. CONCLUSION

The results obtained showed that, in both institutions studied, head tomography exams are the
ones that are most frequently performed.

As for mA and mAs, institution A presented results with more optimized protocols, since the
AEC was activated in the acquisitions, whereas at institution B this system was disabled.

CvoL was more consistent at institution A. One of the possible influences of these results is the
fact that parameters such as mA and mAs are less optimized at institution B.

The simulations in CALDOSE_XCT showed that the absorbed doses were higher at Institution
B, corroborating the results of the radiological parameters in which mA, mAs and CvoL were less
optimized, pointing out the relationship between protocol optimization and the absorbed dose in
organs and tissues.

In addition, it was observed that the dose absorption was different both between structures and
between men and women, revealing that the dose absorption will depend on the individual's

particularities and on the composition and structure of the tissue.
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