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ABSTRACT 
Introduction: This work aims to assess if the anode position during 
chest radiography of pediatric patients with heart congenital disease 
(HCD) in!uences medical image results. The approach is to reverse 
the orientation of the x-ray tube, with the anode end directed towards 
the patient’s face (anode-heel e"ect). 
Methods: Five specialists analyzed 48 images, 24 from the control 
group (CG) and 24 with the anode end directed towards the patients’ 
face (experimental group, EC). An ionization chamber was used to 
assess radiation dose received by sensitive organs. 
Results: The specialists considered both CG and EC images accept- 
able. But, the EC group’s dose evaluation revealed that the thyroid re- 
ceived 12% less radiation and the gonads presented a 5.9% reduction. 
Based on the results, a new protocol was developed. 
Discussion/conclusion: The standardization of radiographic imag- 
ing procedures will reduce acquisition errors, resulting in adequate im- 

ages in pediatric patients with HCD with less radiation dose, thus in- 
creasing patient safety and extending the life of the equipment. 

RÉSUMÉ

Introduction : Ce travail vise à évaluer si la position de l’anode pen- 
dant la radiographie du thorax de patients pédiatriques atteints de mal- 
adies cardiaques congénitales (MCC) in!uence les résultats des images 
médicales. L’approche consiste à inverser l’orientation du tube à rayons 
X, l’extrémité de l’anode étant dirigée vers le visage du patient (e"et 
anode-talon). 
Méthodologie : Cinq spécialistes ont analysé 48 images, 24 du groupe 
témoin (GT) et 24 avec l’extrémité de l’anode dirigée vers le visage 
des patients (groupe expérimental, GE). Une chambre d’ionisation 
a été utilisée pour évaluer la dose de radiation reçue par les organes 
sensibles. 
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Résultats : Les spécialistes ont considéré que les images du groupe GC 
et du groupe GE étaient toutes deux acceptables. Mais l’évaluation de 
la dose du groupe GE a révélé que la thyroïde a reçu 12 % de rayon- 
nement en moins et que les gonades ont présenté une réduction de 
5,9 %. Sur la base de ces résultats, un nouveau protocole a été élaboré. 

Discussion/Conclusion : La normalisation des procédures d’imagerie 
radiographique réduira les erreurs d’acquisition, ce qui permettra 
d’obtenir des images adéquates chez les patients pédiatriques atteints 
de MCC avec une dose de rayonnement moindre, augmentant ainsi la 
sécurité des patients et prolongeant la durée de vie des équipements. 

Keywords: Anode-heel e"ect; Thoracic radiography; Radiation diagnosis; X-ray in children; Heart; Congenital disease; Radiography; Diagnostic imaging 

Introduction 
The discovery of X-rays by Wilhelm Conrad Roentgen in 1895 
revolutionized medicine, allowing the observation of the hu- 
man body noninvasively. Almost immediately after its discov- 
ery, X-rays were already used in patients to diagnose diseases 
and locate bullet wounds [1] . X-ray-based techniques have 
evolved and are now considered universal tools for diagnostic 
research [2] . 

The International Committee on Radiation Protection 
crafted the three fundamental principles of radiological pro- 
tection: justi#cation, optimization, and dose limitation [3] . 
When applied to medical radiation, these three principles 
assume an important role. Justi#cation means that all dose 
the patient receives must provide a clear bene#t. Optimiza- 
tion signi#es that all practices must be optimized, and this 
is achieved by constant evaluation and improvement. Fi- 
nally, dose limitation implies that a study was made that 
calculated the lowest dose possible to achieve the out- 
come. These principles are applied in all areas of radiol- 
ogy: radiation therapy, nuclear medicine, and radiation-based 
diagnosis. 

Thoracic chest radiography (also known as chest X-rays, 
chest radiography, or thoracic radiography) is one of the most 
requested diagnostic procedures globally. Pediatric chest radio- 
graphs are commonly employed to evaluate congenital heart 
disease before and after surgical procedures, exposing patients 
to additional radiation exposure [2] . Congenital heart disease 
is a general term for a range of congenital disabilities that typi- 
cally a"ect how the heart functions. The term congenital means 
the condition is present from birth. Congenital heart disease is 
one of the most common types of congenital disability, a"ect- 
ing 1% of babies born in the United Kingdom [4] , 1 % in the 
United States [5] , and 9% in Brazil [6] . 

Children’s radiation-based diagnostics and therapies have re- 
ceived increased negative attention [7] . In the late 1990s, the 
Commission of the European Communities (EC) developed 
QC criteria and proposed that speci#c guidelines be devel- 
oped for pediatric patients [8 , 9] In 1998, the Brazilian National 
Health Care Surveillance Agency (ANVISA) published Ordi- 
nance N. 453 [10] , establishing radiological protection guide- 
lines for adult patients. However, the reference dose used for 
pediatric patients was extrapolated from adult values without 
a proper study to adjust radiation doses or techniques [10] . 
Adding to the di$culties is that pediatric imaging is chal- 
lenging [11] . From the child’s point of view, the environment 
is scary and #lled with big machines. The di$culties in ac- 

quiring radiographs include struggle in synchronizing inspira- 
tion/expiration, the likelihood of motional blur, a wide range 
of tissue densities, and the need to minimize radiation dose 
[11 , 12] . As for advantages, chest radiography information is ac- 
quired in a painless and fast manner, allowing easy assessment 
and action. Additionally, radiography is one of the most #nan- 
cially accessible and technically feasible exams, with portable 
units available [13] . 

As with other radiation-based techniques, chest radiography 
is subject to quality control (QC) standards, ensuring high- 
quality images, using the lowest possible doses of radiation at 
a minimal cost. Interestingly, it has been reported that chest 
radiography image quality improves with lower doses of radia- 
tion [14 , 15] . Bontrager [16] and Takagi [14] stated that low- 
ering the tube current (mAs) will result in low contrast, higher 
grayscale, less blurring artifacts, and lower image noise. 

Taking advantage of the anode heel e"ect could be an in- 
teresting approach to minimize radiation dose. To increase the 
penetration of the X-ray beam, it is known that the orientation 
of the tube, the negative end (cathode), should be directed to 
the thickest part of the radiographed structure. This generates 
a more intense beam, a phenomenon known as the anode heel 
e"ect ( Fig. 1 ) [17] . Despite the cathode being directed to the 
thicker parts in adults, children (0-4 years old) usually have the 
same thickness within the chest and abdominal region. So, it is 
possible to choose the patient side and tube position, planning 
the radiography before exposure to result in a reduced dose in 
the radiosensitive organs [18] . The recommended positioning 
for performing chest radiographs in pediatric patients is shown 
in Fig. 2 . 

In our “Choice of tube extremity for emission of the lowest 
radiation dose in pediatric patients” previous study [29] , forty- 
eight pediatric patients were evaluated. Ten di"erent heart 
congenital diseases were investigated. The conclusion was that 
the patient positioning yielded no di"erence in diagnosing 
these conditions. For the results to be implemented in clinical 
practice, creating and using a medical protocol is necessary. 
They allow health care providers to o"er e$cient care services 
to patients, use the equipment correctly, and stimulate periodic 
training [20] . 

This work aims to use real clinical data to develop a proto- 
col that standardizes chest radiographic imaging procedures in 
children that will reduce dose and acquisition errors. The goal 
is to lead to the same image quality in pediatric patients with- 
out the need for repetition and, as a secondary result, increase 
the lifespan of the equipment. 
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Fig. 1. Anode heel e"ect in relation to central x-ray intensity [6] . 

Fig. 2. Pediatric chest radiograph with patient in the supine position on the 
equipment bed. Focus on the X-ray tube position: Anode ( + ) facing the face 
[19] . 
Methodology 

For the protocol development, the results of Rodrigues et. 
al. [29] randomized clinical trial study were reevaluated. The 

study was performed at the Pediatric Intensive Care Unit (IC) 
of the University Foundation (FUC) in Rio Grande do Sul, RS, 
Brazil. It was developed according to the International Ethi- 
cal Guidelines for Biomedical Research and approved follow- 
ing resolution N.466 / 2012, and was registered at ClinicalTri- 
als.gov (NCT02925936). 

A randomized controlled clinical trial was developed and 
conducted from June 2016 to September 2019. After random- 
ization, 48 patients aged 0 to 4 years old were included. The 
individuals were divided into two groups: 24 for the anode end 
position, called the experimental group, and 24 for the cathode 
end position, called the control group. 

The subjects included in the trial at the Pediatric Intensive 
Care Unit (PICU) had to be undergoing cardiac surgery at the 
IC/FUC located in Rio Grande do Sul, RS, Brazil, considered 
infants with an age of 0 (minimum age) to 4 years (maximum 
age) and had a chest radiography exam requested by a cardiolo- 
gist. After being properly informed about the study, caregivers 
signed an Informed Consent Form. The individuals not admit- 
ted for the trial were pediatric patients who did not meet the 
criteria. For example, they had a visual abnormality that would 
yield di"erent thicknesses throughout the thoracic area (such as 
pneumothorax, emphysema, or pleural e"usion), or the care- 
giver did not consent. 

The exams were carried out supine on the machine bed with 
an anteroposterior (AP) projection and the central ray oriented 
towards the center of the chest at the nipple line. The X-ray tube 
must be positioned perpendicularly, without a Potter-Bucky 
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Table 1 
Protocol used for obtaining pediatric chest radiographs. Parameters are in accor- 
dance with established data of the Commission of the European Communities 
(CE), 1996 [8] and by European Union (EU) in 2014 [9] . 
Parameter Description/Value Used 
Patient position Dorsal decubitus 
X-ray tube position Anode ( + ) facing the patient’s face 
Central ray position Anteroposterior, perpendicular, and 

oriented in the nipple line 
Focus-receiver distance 99–105 cm 
Average kV 65–77 
Average mAs 1–1,4 
Average chest thickness 9–11 
Potter / Bucky Grid Not used 
Equipment Portable device with Computerized 

Radiography (CR) System 
grid. A summary of the variables used is presented in the area 
proposed in Table 1 . 

The patient must #rst be placed in dorsal decubitus to per- 
form the exam properly. The image receptor is situated under 
the thorax. The X-ray tube is positioned at a minimum dis- 
tance of 100 cm, with the tube oriented perpendicularly. The 
central ray should cross at the center of the nipple line in the 
central chest region. The anode side of the tube must be facing 
the face (experimental group) or the cathode facing the face 
(control group). 

It is proposed that this approach be employed as a compo- 
nent of a standardized protocol for radiographic chest imaging 
of pediatric patients with congenital heart disease. Standard- 
izing radiographic imaging procedures will reduce acquisition 
errors, resulting in adequate images in pediatric patients with- 
out the need for an additional dose of radiation, thus increasing 
patient safety and extending the life of the equipment. 

All of the radiological images must ful#l the criteria recom- 
mended by [8 , 9] including: 

• symmetrical reproduction of the chest without any ob- 
servable rotation or basculation; 

• reproduction of the costal grid above the diaphragm; 
• clear reproduction of pulmonary vascularization 

(mainly in the periphery), trachea, proximal segment 
of the bronchi, diaphragm, cost-phrenic angles, heart 
and aorta; 

• visualization of the retrocardiac region of the lungs, 
mediastinum, and vertebral column (through cardiac 
shadow) [8 , 9] . 

The doses of the anode and cathode end positions were 
assessed using an ionization chamber. The ionization cham- 
ber (Radcal, model 9015) was positioned in the neck (thy- 
roid region) and the gonadal area. The equipment was cali- 
brated and used in accordance with ANVISA 453/98 [10] and 
RDC/ANVISA 330 [21] . Finally, the data conversion to the de- 
posited dose was done using the mathematical correlation pre- 
sented here. 

Table 2 
Image evaluation criteria. 
Parameter Response 
1. Symmetrical reproduction of the 
chest !Yes !No 
2. Any observable rotation or 
basculation !Yes !No 
3. Reproduction of the costal grid 
above the diaphragm !Yes !No 
4. Clear reproduction of pulmonary 
vascularization (mainly in the 
periphery), trachea, proximal segment 
of the bronchi, diaphragm, 
cost-phrenic angles, heart and aorta 

!Yes !No 

5. Visualization of the retrocardiac 
region of the lungs, mediastinum, and 
vertebral column (through cardiac 
shadow) 

!Yes !No 
6. Were you able to conclude a 
diagnosis !Yes !No 
7. In your experience, is the image of 
good quality !Yes !No 
How would you rate the image ! A – accepted ∗

! C – still visible, but bad quality 
! F- rejected 

∗ Only mark A if you answer NO for question 2 and YES to the other 
questions. 
Ionization chambers are the most commonly used detectors 

in medical X-ray assessment [22 , 23] . The device contains two 
electrodes within an enclosed volume of gas to create an electric 
#eld. When radiation hits the gas, ion pairs are formed and 
drifted under the in!uence of this #eld. An electrical current is 
formed, and the intensity of this current is proportional to the 
incident radiation [22] . 

The ionization chamber measures radiation exposure. For 
obtaining the dose value, it should be converted following 
Eq. (1) . 

D (mG y ) = M x 0 . 0087 x f BSK x f P,T x f C (1) 
where M is the measured exposure value (mR), f BSK is the 
backscatter factor, f P,T is the correction factor for temperature 
and pressure, and f C is the calibration factor of the ionization 
chamber for the beam quality. f BSK , f P,T , and f C are obtained 
during the quality control tests of the equipment and chamber. 

The images were assessed by #ve professionals: three radi- 
ology physicians (RP), one medical physicist (MP) and one 
radiology technologist (RT). Besides the EC/EU criteria, the 
professionals used their experience to judge the quality of the 
images. They were asked to #ll out a form with the evaluation 
criteria ( Table 2 ) and rate the images from A – accepted, C –
still visible, but bad quality, or F- rejected. Information on the 
#ve professionals is in Table 3 . 
Results 

Table 4 presents the results of the professional’s evaluation 
and the average measured and converted (using Eq. (1 )) to ra- 
diation dose. 
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Fig. 3. Chest radiography of (a) patient 10 with the anodic end facing the face and (b) patient 30 from the control group, cathodic end to patient’s face. 
Table 3 
Experience information on the #ve professionals. 
Professionals Experience 
radiology physician 1 40 years of experience in pediatric cardiology 
radiology physician 2 40 years of experience in pediatric intensive care unit 
radiology physician 3 20 years of experience in cardiac image diagnosis 
medical physicist 15 years of experience in pediatric medical diagnosis 
radiology technologist 30 years of experience in pediatric medical diagnosis 

Fig. 3 shows an example of chest radiography taken cathodic 
end to the patient’s face (a) and anodic end facing the face (b). 
Quality of the images was considered at the same level by the 
experts. 

The results revealed that the #ve professionals approved all 
images, not #nding signi#cant di"erences between the control 
and experimental groups. However, the control group was ex- 
posed to larger doses of radiation (12% more in the thyroid 
and 5.9% more in the gonads) compared to patients imaged 
with the alternative X-ray tube con#guration. This demon- 
strates that changing the X-ray tube’s orientation can yield the 
same quality diagnostic images and reduce radiation exposure. 

The need for this protocol arose from observing the sta"’s 
day-to-day routine. The points considered were: 

• The sta" have a heavy workload and face a variety of 
cases in a short amount of time. Having all information 

with easy access and comprehension was key wide for 
implementation; 

• The sta" felt more comfortable having the information 
with easy access. 

After considering all the results, the #nal protocol was cu- 
rated, as presented in Fig. 4 . 

The implementation of the protocol required a two-hour 
training session (when Fig. 2 was obtained). This training was 
well received by the sta". As a result, all pediatric patients with 
heart congenital disease now follow the protocol. 
Discussion 

This work has shown that chest radiography image quality 
does not depend on X-ray tube orientation, but directing the 
anode towards the patient’s face enhances patient safety by re- 
ducing radiation exposure. However, many other variables can 
play a major role in image acquisition and image quality, in- 
cluding pediatric chest positioning and rotation, exam inter- 
pretation, selecting the most appropriate X-ray equipment, and 
regular QC (equipment and personnel) [3] . 

In pediatric care, radiological imaging is an extremely valu- 
able diagnostic tool. In pediatric congenital heart disease as- 
sessment, these young patients are often exposed to additional 
exams [25] . Young children are highly radio-sensitive patients 

Table 4 
Evaluation results by the professionals and dose at the thyroid and gonads. 
Criteria RP1 RP2 RP3 MP RT Average dose received - 

Thyroid Average dose received - 
Gonads 

Image quality of control group 
(cathodic end to patient’s face) A A A A A 13.3 ± 3.1 µ Gy 13.5 ± 4.1 µ Gy 
Image quality of experimental group 
(anodic end facing the face) A A A A A 11.7 ± 3.1 µ Gy 12.7 ± 3.1 µ Gy 
Image comparison All images were approved - - 
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Fig. 4. Protocol and Flowchart of the procedure performed for radiography in 
pediatric patients. Radiography image on the !owchart from [24] . 

since they are at a critical developmental stage characterized by 
rapid cellular division and growth. Therefore, radiographic ex- 
aminations within this group of patients should be performed 
with the utmost attention and precision. Additionally, the small 
thorax size of this group of patients adds a certain degree of 
complexity since the positioning of the patient can potentially 
have devastating e"ects on image quality [16 , 26] . 

Correct positioning is fundamental to the acquisition of 
high-quality pediatric chest radiographic images. Small rota- 
tions and/or incorrect angulations of the X-ray tube can result 
in misinterpretation of results and misidenti#cation of small 
structures within the chest cavity. Poor positioning can distort 
the appearance of anatomical structures, making it sometimes 
impossible to compare the results of one exam with another 
[17] . Moreover, the ability to locate and view probes, catheters, 
and tubes may become compromised when the patient is not 
in the proper position for acquiring an AP projection, which 
requires correct tube and chassis alignment [17] . 

The parameters used in this study were: dorsal decubitus, 
image receptor situated under the thorax, X-ray tube positioned 
at a minimum distance of 100 cm, tube oriented perpendicu- 
larly, central ray crossing the nipples in the central chest region, 
and the anode part of the tube must be facing the patient’s face. 
This approach was organized in a standardized protocol for ra- 
diographic chest imaging of pediatric patients. 

From a dosimetry standpoint, the di"erences found in the 
thyroid, 12%, and in the gonads, 5.9%, are small but not to be 
ignored. In this range, radiation e"ects fall into the stochastic 
range. They are proportional to the dose received but do not 
have a threshold. They are low doses, below the ones proven to 
yield an immediate e"ect, but have a probabilistic nature. The 
principle used is that one single X-ray photon, for example, can 
cause a mutation that will lead to cancer in the future [27] . 

All medical radiation exposures must be justi#ed, meaning 
they should do more good than harm. They should also be op- 
timized, meaning as low as possible to achieve the desired re- 
sult and have a dose limitation considering the target area and 
the surrounding healthy areas (the ALARA concept, meaning 
as low as reasonably achievable). If there is a method and/or 
equipment capable of achieving lower doses, it should be used. 
Measuring radiation dose periodically, creating and reevaluat- 
ing protocols, and re-training sta" contribute to the optimiza- 
tion principle and guarantee that the best diagnosis/treatment 
is being provided to the patient [3 , 27 , 28] . The present work 
contributes to applying radiation protection principles because 
it presents a dosimetric evaluation, #nds a modi#cation (anode 
position) that will lower the patient exposure yielding the same 
outcome (image), and creates a new protocol to be followed. 
Conclusion 

This work used the expertise of #ve health care profession- 
als to evaluate if the anode position interferes with the quality 
of chest radiographs undertaken in pediatric patients with con- 
genital heart diseases. According to the experts, changing the 
tube position did not alter image results, and the diagnosis pro- 
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ceeded e"ectively. Despite that, a di"erence of 12% dose in the 
thyroid and 5.9% in the gonads were found. Based on this data, 
a protocol was created relaying all the steps for pediatric chest 
radiographs of children with congenital heart diseases. These 
procedures will now be performed with lower radiation dose. 

In the future, the authors will do more assessments with dif- 
ferent organs, di"erent dosimetric models, and Monte Carlo 
Simulation. In addition, the authors will also evaluate other as- 
pects that can lead to radiographical di"erences, such as col- 
limation, image receptors, equipment, and source to #lm dis- 
tance (SFD). 
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