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ABSTRACT

Computed tomography represents the largest portion of the population”s exposure to ionizing radiation related
to medical imaging. This article aims to assess the quality of the images through the analysis of radiologists in
routine chest protocols, performed at one hospital and two diagnostic imaging clinics, and employing three
equipment with different technologies. A total of 1,088 criteria were analyzed with the three imaging techniques,
and the average percentage of the observed structures were 95, 99 and 99% for each service. There was an
excellent correlation between observers and even an absolute agreement in some cases for the most modern
technologies. The three studied devices provided acceptable dose values and images with a quality close to 100%,

reducing the exposure and improving the radiological protection of patients.
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1. INTRODUCTION

Computed tomography (CT) exposure has provided a growing awareness of the possible adverse
effects arising from radiation since this technique leads to the largest portion of the population being
exposed to ionizing radiation related to medical imaging. [1, 2, 3, 4] Therefore, considering the
frequency of these tests, it is very important to analyze the current protocols as an attempt to optimize
the procedures in order to reduce radiation doses. For instance, modifications in the X-ray tube
tension, pitch and slice thickness might drop the dose to the patient without affecting image quality.
[5]

The tomography of the thoracic region is one of the best tools to assess calcifications [6] and
responses to oncological treatments such as radiotherapy and chemotherapy among the various target
regions for a CT. Also, according to ICRU 2012, it is one of the most examined anatomical regions
in radiology departments [7, 8, 9,10]. Patients with alterations in chest radiographs are generally
referred for a tomography exam in order to elucidate, precisely locate and clarify the extent of
alterations [11].

The Standard protocols to acquire tomographic images take into account each anatomical region
according to the size of a standard adult patient. Nevertheless, depending on the patient's biotype,
image acquisition parameters that might be adjusted regarding the equipment manufacturer and, in
many cases, the judgment of the professionals involved in this process [12]. For example, low-dose
protocols employ acquisition parameters below the Standard protocol and are widely used to assess
the thoracic region. Indeed, these protocols display the lowest current (mA) and voltage (kV), aiming
to reduce the patient exposure to radiation, but still maintaining the diagnostic quality of the images.
[3, 13]

However, the establishment of a low-dose protocol involves several factors and is directly linked
to image quality. All these aspects might compromise the diagnosis and the radiological analysis of
the images. [4, 7] In fact, the radiological analysis represents a vital step in this process because, even
if the equipment is calibrated and displays parameters within the reference values/limits presented by
the regulatory standards and compatible with all quality control tests, this evaluation also depends

greatly on the visual acuity of the radiologist.
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In this context, it is essential to reconcile image acquisition parameters and patient exposure with
image quality. As a matter of fact, there is no way to assess image quality without analyzing patient
exposure and consequently dosimetric measurements. Therefore, the volumetric dose index (Cvol),
which is a guiding index of dose parameters in tomography, will be used as a dose reference in this
work.

Given this scenario and the importance of reducing the population exposure to radiation, the
objective of this study is to assess the quality of images through the analysis of radiologists in routine
chest protocols employing three equipment with different technologies to evaluate the impact of the
equipment technological development along the years in terms of image quality and patient exposure:
(Ring Detectors 6, Model Emotion; Ring Detectors 64, Model Sensation; Ring Detectors 128, Model
Somatom). The comparison of the dose levels in CT might provide future optimization proposals of

these protocols, reducing the radiation dose to the patient.

2. MATERIALS AND METHODS

The work was submitted to the ethics committee to request authorization of the use of patient
images, and it was approved with the identification CAAE 44515315.6.0000.5138. Before signing
the Informed Consent Form (Termo de Consentimento Livre e Esclarecido — TCLE), participating
patients were informed about the objectives of the research and that they would not be exposed to any
additional risks for carrying out this study.

Chest tomography images were collected in inspiratory apnea without the use of venous contrast,
employing Automatic Exposure Control (Controle Automatico de Exposicdo — CAE) in all images
from all services. The exclusion criterion was the presence of signs of disarrangement/significant
alterations in the architecture of the lung parenchyma that would hinder or impede the radiological
analysis of the anatomical structures. Thus, images with the prevalence and prognosis of some
previous thoracic pathologies were not included in the study. After collecting the images, a technical
analysis was performed, and the images that did not meet the research criteria, showing signs of
disarrangement of the parenchyma architecture, were discarded.

Experimental measurements of Cyoi were performed for the chest protocol in all equipment of this

study. This quantity (Cvol) was selected to compare the equipment once the dosimetric quantity was



Pedrosa e Nogueira e Braz. J. Rad. Sci. @ 2021 4

provided by the tomographers at the end of each exam. Another quantity that also quantifies the dose
in tomography is the dose-length product (DLP), which was not addressed due to its direct relation

to technical parameters not analyzed in this article such as positioning and patient anatomy.

2.1. Sampling

The present study sampled 64 patients aged between 18 and 90 years - 39 female and 25 male
patients. The images were collected from three diagnostic services A (a general care hospital), B and
C (diagnostic imaging clinics). Thus, images were collected from 14 patients at service A, 20 patients
at service B, and 30 patients at service C. The images were collected randomly according to the date
criterion, and the exams were scheduled by the patients themselves during the sampling period. Also,

the acquisition of images was carried out according to the routine protocol of each service.

2.2. Equipment and Protocols

The criteria for selecting the three equipment were based on the technology used over the years
and the same manufacturer, ranging from older, intermediate, and more recent technology. Three
radiology departments were part of this study, and the first center (labelled Service A) consisted of a
general care hospital displaying an Emotion 6 tomograph. The other health services were private
clinics with a Sensation 64 (Service B) and SOMATOM Definition AS+ (Service C) equipment.

Details of the equipment and protocols are shown in Table 1.

Table 1. Tomographs and Protocols

Tomograph Service A Service B Service C
Ring Detectors 6 64 128
Model Emotion Sensation Somatom
Tension [kV] 110 120 120/140
Reference Current [mA] 70 110 91/130
Rotation time [s] 0,8 0,5 0,33
Pitch 1,5 1,0 1,2
Collimation [mm] 1,25 0,6 0,6

Slice [Cutting Thickness] 1,25 1,0 1,0
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2.3. Radiological Analysis of the Images

The images were independently analyzed by three radiologists through a questionnaire based on
the criteria defined by the European Protocol [14] for some important anatomical structures that must
be clearly detected. The images were available in DICOM format through a PACS image archiving
system on specific monitors of the same model.

Radiologists were identified as RadA, RadB and RadC observers. RadA observer was a
professional with more than ten years of experience and a chest specialist, RadB observer was a
professional recently specialized in radiology, and Rad C was a professional with more than ten years
of experience in general radiology. Even though changing parameters is a common part of the practice
of radiological analysis, observers were instructed not to change any parameter of image visualization
such as size and window. The result of each analysis was collected separately, and a comparative

analysis was performed between the observers to assess the disagreement between them.

2.4. Dose Values for the CT Equipment

Chest CT dose reports were used with the standard protocol of all equipment. At the same time,
a pencil-type solid state detector (model 8202041 UNFORS) and a PMMA simulator (32 cm in
diameter and 15 cm in length) were used to perform the measurements. The value of Cigo was
measured three times in the five points of the simulator object (four distributed in the periphery and
one in the center). From this approach, the value of Cyq for the standard protocol of all equipment
was calculated.

2.5. Statistical Analysis

The statistical analysis was performed using the hypothesis test. Also called the significance test,
it might determine whether there is enough evidence in a data sample to infer that a given condition
is true for the entire population [15]. In this study, it was considered “agree” when the observers
visualized the anatomical structures, and “disagree” if they did not. Then, the next step for the

statistical analysis was to define the hypotheses:
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* Null Hypothesis (Ho): It is the hypothesis considered as the initial hypothesis [statement] being
tested. Based on the sample data, the test determines whether we should reject the null hypothesis,
and, in this work, Ho (proportion of dissenters) was defined as Ho = 0.01, which means that the
agreement index between the observer readings is 99%. Thus, if the proportion of dissenters is very
low, it is understood that they agree.

* Alternative hypothesis (Hz): In this study, Hi was defined as > 0.01, which means that the
agreement rate between the observer readings is less than 99%.

For this work, a confidence index of 95% CI was defined and, therefore, the alpha value or cutoff
value to test the hypotheses was a. = 0.05. The alpha value is the test parameter that will define whether
Ho will be accepted or rejected.

Using Minitab, a p-value was calculated to determine the hypothesis. If the p-value is less than or
equal to the significance level, which is a defined cutoff point, the null hypothesis can be rejected.
Therefore, if p-value is less than 0.05 (value of o), the zero hypothesis (Ho) will be rejected and a
disagreement in that analyzed criterion will be considered [13]. Thus, we proceeded to organize the

data on the disagreement index between the observers.

3. RESULTS AND DISCUSSION

3.1. Sampling

The present study consisted of a sample of 64 patients aged between 18 and 90 years composed
of 39 female patients and 25 male patients. Images were collected from 14, 20 and 30 patients for
services A, B and C, respectively. As a hospital, service A provided a smaller sample due to the
difficulty of collecting patients without disarrangement of the anatomical structure in the parenchyma.
On the other hand, service C furnished more samples because of the greater demand for this
examination in this clinic. After signing the consent form, a total of 16 patients were excluded from
this study for presenting significant anatomical changes in the lung parenchyma. All analyzed criteria
and their respective percentages in each service are shown in Tables 2A and 2B.
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3.2. Dose values of the CT equipment

The results found from the experimental measurements of Cyo in the tomographs were 18.67
mGy, 6.58 mGy and 5.81 mGy at services A, B and C, respectively. They were compared with the
values provided by the equipment of 19.58 mGy, 11.10 mGy and 9.10 mGy at services A, B and C,
respectively. All experimental values were lower than the ones reported by the equipment, and it is
also possible to notice a dose drop tendency according to the technological evolution of the
equipment. Tomography sampling consisted of three Siemens multi-detector devices. The studied
equipment displayed varied technologies with 6, 64 and 128 detectors. Such trend was observed for
both the experimental and reported values demonstrating that, though the image quality is considered
good, more modern technologies were able to employ significantly lower doses. [16, 17]. It is
important to point out that image quality is influenced by several parameters such as FOV (Field of
view), isocenter, resolution matrix, algorithm, current, voltage, collimation and pitch.

The American Association of Physicists in Medicine (AAPM) considers a weight range for Cyol
values, placing an average patient of approximately 70-90 kg in the range of 8-16 mGy. Considering
this value as the Diagnosis Reference Level (DRL) for this study, it can be observed that the 6-detector
ring tomograph (Service A) presented a value approximately 16% superior. This equipment
periodically undergoes corrective maintenance, and the software is constantly updated. However, this
is a technology that is no longer produced by the manufacturer and every repair is performed with re-
adapted parts. Furthermore, even though the CT scan protocol from service A presents a lower voltage

concerning the others, the current-time product is higher.

3.3. Statistical analysis

The criteria with the lowest percentage of visualization (Tab. 3) were 2.2 (middle third), 5
(secondary lobular structures, such as centrilobular arterioles), 7 (good definition of the
pleuromediastinal edge) and 8 (definition of the pleuromediastinal edge). It is important to consider
that these are very small structures, and the images were reformatted with an interval of 25mm
between them, which may have allowed partial visualization or even prevented visualization of

anatomical structures. Moreover, item 2.2 (middle third) is a region close to the heart and, due to
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cardiac contractions, can cause involuntary movement artifacts, making the structures in this region
difficult to observe.

Using the Minitab software for the hypothesis test, the p-value = 0.05 was calculated, and values
less than 0.05 were considered disagreement about the visualization of anatomical structures
regarding this criterion. Thus, the p-values found for the three observers are shown in Table 3 for
each evaluated service evaluated, and the points of disagreement between the observers are marked
in bold and gray.

The profile of the sample was quite different with service A presenting a smaller number of
patients since it was a hospital, implying in many tests of patients with disarrangement of the
anatomical structure in the parenchyma. The sample from service C was larger due to the demand for

this test in this clinic. In all services, access to patients was according to the schedule made by the

patient.
Table 2A. Percentage of the observed criteria (lung window) @
Service A (%) Service B (%) Service C (%)

N Criteria

Rad Rad Rad Rad Rad Rad Rad Rad Rad
A B C A B C A B C
Lungs
1 Visualization of lung 929 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
anatomy

2 Lung parenchyma 929 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2.1 Upper Third 929 100.0 929 100.0 100.0 100.0 100.0 96.7 100.0
2.2 Middle Third 85.7 100.0 100.0 100.0 100.0 100.0 100.0 96.7 100.0
2.3 Lower Third 929 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3 Lung fissures 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
4 Lung vessels 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
4.1 Lung vesselsL or M 100.0 929 1000 100.0 100.0 100.0 100.0 100.0 100.0

5 Lobular structures and ar- 100.0 100.0 100.0 100.0 90.0 100.0 100.0 83.3 100.0
terioles
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Table 2B. Percentage of the observed criteria (lung and mediastinum window) &

Service A (%) Service B (%) Service C (%)
N Criteria
RadA RadB RadC RadA RadB RadC RadA RadB RadC
Lungs
6 central bron 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
main bron-
6.1 chi 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Lumbar
6.2 bronchi 92.86 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
6.3 Seg bronc 92.86 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
pleural def-
7  inition 100.00 85.71 100.00 100.00 65.00 100.00 100.00 83.33 100.00
Def. parenc
8  border 100.00 100.00 100.00 100.00 100.00 100.00 100.00 93.33 100.00
Mediastinum
LorM
4.1 pulm vese 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 96.67
main bron-
6.1 chi 100.00 92.86 100.00 100.00 100.00 100.00 100.00 100.00 100.00

@ Lung window is the term used in practice for the image reconstructed with a specific algorithm showing a greater
definition of anatomical structures and displaying the window, which is the variation of the image gray tones, varying
image brightness and contrast, also specific for visualization of the structures of the lung parenchyma. The Mediastinum

window is the term used for the image reconstructed with an algorithm that smooths the image, especially to show larger

anatomical structures. The mediastinum window shows structures in medium shades of gray.

For the evaluation of image quality, 238, 340 and 510 criteria were analyzed in services A, B and

C, respectively, totaling 1,088 criteria (Table 3).
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Table 3. Disagreement between observers of each service = <0,05

Service A Service B Service C
Rad Rad Rad Rad Rad Rad Rad Rad Rad
N° Criteria A/B B/C A/C A/B B/C A/C A/B B/C A/C
p- p- p- p-value p- p- p- p- p-
value value value value value value value value
Lungs
Pulmonary Visu- 43 100 007 100 100 100 100 100  1.00
1 alization
Lung Paren- 043 1.00 007 100 100 100 100 100  1.00
2 chyma
2.1 Upper third 0.13 0.13 0.01 1.00 1.00 1.00 0.26 0.26 1.00
2.2 Middle third 0.01 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
2.3 Lower third 0.13 1.00 0.07 1.00 1.00 1.00 0.26 0.26 1.00
3 Lung fissures 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4  Lung Vessels 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L or M Pulmo-

013 013 007 000 000 1.00 000 000 1.00

4.1 nary Vessels
5 Lobular Struct ~ 1.00 1.00 1.00 002 002 100 000 000  1.00
Central Bron- 100 100 100 1.00 100 100 100 1.00  1.00

6 chial Tree
6.1 Main bronchi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.2 Lobar bronchi 0.13 1.00 0.07 1.00 1.00 1.00 1.00 1.00 1.00

Segmental bron- 5413 100 007 100 100 100 100 100 100

6.3 chi

Good Def. Pleu- 509 901 000 000 000 100 000 000 100
7 ral Edge.

Goodchestwall 4 o) 100 100 100 100 100 000 004  1.00
8 definition

Mediastinum
41 MediastLorM 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.26 0.26

Mediasti-
6  num/BronTree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

6.1 Mediast/Bronchi 0.13 1.00 034 1.00 1.00 1.00 1.00 1.00 1.00

For the mediastinum, only items 4.1 and 6.1 were considered (large or medium pulmonary vessels
and main bronchi, respectively) because the reconstruction algorithm does not clearly permit for the
other criteria.

Images were reformatted with an interval of 25 mm between them, which might have allowed
partial visualization or even prevented visualization of anatomical structures. Item 2.2, “Middle

Third”, is a region close to the heart and due to cardiac contractions, that can cause artifacts of
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involuntary movements, troubling the visualization in this region and contributing to increase the
divergence of interpretation.

The results for the total percentage of observed criteria were 95%, 99%, and 99% for services A,
B, and C, respectively. These values are consistent with the technology of the equipment in this study,
as also demonstrated by Moran, 2004 [18], who reported the percentage of observed criteria between
93-98% for lower technology equipment. The service with the lowest percentage of visualization of
the criteria was service A. This equipment displayed an older technology with a lower resolution
matrix, which can directly interfere with the visualization of small structures. Also, the image
acquisition time was superior when compared to the other equipment. A longer examination time
may generate movement artifacts in the image, especially since the profile of hospitalized patients
may be more debilitated compared to patients who undergo elective exams.

As reported by Souza (2018) [19], the image quality is influenced by several parameters such as
field of view (FOV), isocenter, resolution matrix, image reconstruction algorithm, current, voltage,
collimation and pitch. Nonetheless, the most important guideline is to follow the Diagnostic
Reference Level (DRL).

In this study, the highest agreement rate was between RadA/RadC observers in all services,
especially in services B and C, with an absolute agreement between them. This condition might be
explained by the fact that the equipment of services B and C presented a more modern technology
with better image resolution, and, also, by the fact that these professionals were more experienced.
[20,21]

The highest levels of disagreement occurred in criteria 4.1, 5, 7 and 8, which may reflect the
degree of demand of each observer for the partial visualization of the structures. For criteria 3, 4, 6
and 6.1, there was absolute agreement for all services and among all observers, indicating an image
quality of 100% for these criteria.

Finally, an important point to be considered is the level of personal demand of each observer.
Even if they were instructed to proceed in the same way regarding the non-manipulation and alteration
of the images, they could judge the same criteria in different ways, especially in cases of partial
visualization of the structures. Another relevant point is the experience of these professionals, as the
knowledge acquired in their professional career interferes with the interpretation of images, as

reported by Antunes V. B., etal. (2010) [22]. It is also important to emphasize that in clinical practice,
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many of the exams are evaluated by general radiologists and not by thoracic radiologists with vast

experience in the interpretation of images in this anatomical region.

4. CONCLUSION

The lung parenchyma analysis by computed tomography is not replaceable by any other
diagnostic method due to the quality of the image and the provided information by this method,
demonstrating its great radiological importance. In the evaluation of image quality criteria, it was
concluded that the three services provided images with quality higher than 95% in one service and
100% in the others. Regarding dose-related values, the experimental values of the dosimetric quantity
Cvol Were consistent with the values provided by the equipment and with their technology. Also, a
trend in the reduction of dose values was noticed according to the technological evolution of the
equipment. Thus, considering the assessment of image quality to be satisfactory, the technical
parameters can be changed for a possible dose reduction to create a low-dose protocol and consequent

improvement in the radiological protection of the patient, producing a social benefit.
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