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Abstract With this review article, we intend to demonstrate the importance of Computerized Tomography (CT) in
healthcare quality and safety. The concept of safety in CT is wider than for general healthcare. Safe healthcare provided using
CT must include diagnostic image quality and reliability, as this is the only way to ensure diagnostic accuracy. The images
must be acquired with the most adequate protocols available and with the lowest achievable radiation dose. In this article we
will focus primarily on the concepts of dose, since this variable strongly affects the image quality and the consequent
diagnostic accuracy. In methodological terms, 73 papers and 6 catalogues issued by the manufacturers of CT equip ment, that
included the key words low dose, ultra-low dose and dose reduction were analysed. After review of these articles we found
that about 82% are chest exams, namely the lungs. The remaining were subdivided mainly by studies of the sinuses, heart and
bone segments. A fter this review we selected the only 10 articles that present the keywords and simultaneously quantify the
dose reduction. Given the lack of precision associated with these terms, introduced mainly by commercial catalogues of
different equipment brands, we intend to demonstrate that the concepts low dose and ultra-low dose are wrapped in unclear
marketing strategies, without a strict and unambiguous definition of what is the effective dose. We propose that these
concepts should be clearly defined and a precise indication of the effective dose reduction value should be compared to the
default value (standard diagnostic dose) by exam region. Therefore, it is demonstrated that there is no concrete definition of
what low dose or ultra-low dose are. These slogans cannot be used until they are not holistically defined, as well as the
correspondent dose reduction value.
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not just a definition of good. It is more of an ongoing effort
1. Introduction to improve, than a degree of pre-defined excellence. In
relation to healthcare services, there were major changes in
recent years. The increasing demand, particularly in the
case of CT, meant that radiology departments had to invest
effectively in their quality and not focus only on the quality
of image acquisition and interpretation. This "holistic
department quality" gives greater relevance to the mood and
atmosphere perceived by the patient, than to the processes
] within the department. This concept of quality can be
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Ipribeiro@ualg.pt (Luis Pedro Vieira Ribeiro) perverse when analyzed by the actual competitive
Published onlineat http/journal.sapub.org/ajbe perspective, especially focused in increasing profits through
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved increasing the number of exams, the volume size of the

The preoccupation of healthcare institutions about quality,
as led to a progressive implementation of management
systems and procedures focused on achieving higher quality
standards. A healthcare quality service is one that proves
able to meet customer expectations[1]. In healthcare,
quality intends to be a possible target of measurement and
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acquisition or the reduction of collimation, since these are
the factors that most influence negatively the dose in CT.
When we discuss radiology, especially CT, we are referring
to a diagnostic tool that is responsible for much of the
artificial irradiation of populations. CT corresponds to about
25% of the annual average exposure in the U.S. (2006) and
50% of the exposure in terms of medical exams[2]. For this
reason, CT is subject to strict monitoring of radiological
protection, existing legislation to limit and reduce dose
levels resulting from CT examinations[3]. Surveillance and
safety measures, as well as the diagnostic reference levels
(DRL’s), relate to amounts of radiation by examination or
procedure. However, the introduction of concepts such as
ultra-low-dose and low-dose are abstract and turn out to be
purely qualitative, serving above all, in most cases, as
marketing strategies. Such concepts do not effectively
materialize the quantitative aspects of radiological exposure,
fundamental to account for irradiation and absorbed dose.
After reviewing 73 articles that address the concepts of
reduction in dose, low dose and ultra-low dose, only 4 of
them (Neroladaki et al[4], Bacher et al[5], Schuncke et al[6]
and Bulla et al[7], although differing between them, point in
fact an effective value of dose reduction.

In this context and according to the available literature,
some questions remain unanswered as we move forward. So
what are we talking about when we refer to procedures,
tests and equipment using ultra low-dose or low-dose? A
CT equipment built under the concept of low-dose; uses this
feature on all procedures or just part of them? What is the
difference between low-dose and ultra-low dose? What
measurable values (CTDI vol and DLP) are we talking
about?

2. Methods

The present study is a literature review. The research
criteria established were the use of peer review papers and
catalogues of CT equipment, published since January 2000.
The research was guided by the following terms: Dose
Reduction, Low Dose and Ultra Low Dose.

After analysing the 73 documents defined above, we
selected the ones that mention explicitly, in absolute or
percentage value, the level of dose reduction associated to
the equipment, reconstruction algorithms or protocols used
in the exam.

3. Computerised Tomography — Image
Quality, Acquisition and Dose

In a way, radiology strongly reflects the technical,
economic development and training policies of a country.
These in turn are determined by the political environment,
socio-economic status and level of urban and rural
development of each country[8]. However, countries with
more and better CT equipment have higher average levels of

exposure, due to the greater number of examinations
performed[9]. Presently, ionizing radiation from CT is the
largest source of medical exposure per capita in
industrialized countries (Fig. 1)[10; 11].
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Figure 1. Distribution and development of annual per capita dose in mSv
to the population from 1980 to 2006 in the USA as an example for the
development in industrialized countries

According to the Organization for Economic Co-operation
and Development (OECD), the average number of CT
equipment in 23 countries of the European Union was 20.4
per million people in 2010. In Portugal this figure was 27, 4.
In the Portuguese case, 15.6 CT equipment are installed
outside hospitals (i.e. private practice clinics)[8]. The
relative contribution of CT to dose resulting from medical
examinations has increased proportionally. In 1994 in
Germany, a study showed that although CT scans accounted
for only 5% of all radiological examinations performed, its
contribution to the total dose was approximately 35 to
40%][3]. In 1999, in the U.S., CT scans corresponded to
11.1%, with a contribution of 67% to the total dose[9]. In
another study conducted in 2006 in the U.S. population, the
annual average exposure dose was 6 mSv per capita, where
natural sources contributed with 3 mSv and medical
examinations with the remaining 3 mSv (1.5 mSv from CT
exams )[2].

The issues of radiological protection and the contribution
of CT equipment for the irradiation of populations for
diagnostic purposes is well known, so our theoretical
approach will focus on the quality of care provided to the
patient, so we can place the image quality in CT (highly
influenced by dose) within and highly influential factor
while other more general concept, the quality of the CT scan.
In healthcare, due to a climate of uncertainty, it is difficult to
define quality. Actually, there are several definitions of
quality in healthcare. For example, the Joint Commission on
Accreditation of Healthcare Organizations (JCA HO) defines
it as "the way health services, with the current level of
knowledge, increase the possibility of obtaining the desired
results and reduce the possibility of obtaining unwanted
results "[14]. Quality can also be defined as "the production
of health and satisfaction for a population with the
limitations of the existing technology, the resources
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available and the characteristics of users”[15]. The issue of
resources available, raised by the above definition of quality
in healthcare, in a technological area such as CT, whose
evolution has been dizzying, especially in the last ten years,
opens alarge range of combinations and binomialhypothesis
of patient/equipment that is very difficult to control and
monitor. The issues of diagnostic quality, combined with the
absorbed dose are, among others, highly dependent on the
equipment used. Despite all the effort that the industry has
done to develop new technology to reduce dose in CT, the
DRL’s by anatomic region examined, in parallel, do not
accompany this decrease. This is due to the large variability
of equipment that is operating in each country. Thus, DRL’s
have not followed the technological evolution of the
equipment, since the period of its use may be less extensive,
depending on the laws of each country. Growing concerns
about radiation dose is leading manufacturers of CT
equipment to develop tools to reduce radiation dose. In the
latest generation of CT equipment such tools include
automatic tube current modulation, automatic selection of
the tube voltage and iterative reconstruction (16). It is worthy
to note the effort and demand for all brands of equip ment in
the reduction of patient dose (Table 2). In addition to Filtered

back projection (FBP) developed and used since the 1970’s,
new image reconstruction algorithms have been marketed
since 2008, such as adaptive statistical iterative
reconstruction (ASIR), iterative reconstruction in image
space (IRIS), adaptive iterative dose reduction (AIDR), the
fourth version of its iterative method, which was called
iDose4 and model-based iterative reconstruction (MBIR),
commercial name of VEO[4], they all focus on the reduction
of dose (Table 1).

Table 1. Examples of iterative reconstruction algorithms available in the
United States from major manufacturers

Vendor | Acronym Name
Siemens RIS Image Reoonstructl(?n Iterative
Reconstruction

Siemens | SAFIRE Sinogram Affirmed Iterative Reconstruction
GE ASIR Adaptive Statistical Iterative Reconstruction

Philips iDose iDose

Toshiba ADIR Adaptive Iterative Dose Reduction

Toshiba | ADIR3D

Table 2. Main atticles reviewed by thematic approaches

Author Thematic approaches Year
Frédéric A. Miéville, Frangois Gudinchet, Francis Brunelle, . . .
Frangois O. Bochud, Francis R Verdun[4] Iterative reconstruction methods in 2012
Angeliki Neroladaki, Diomidis Botsikas, Sana Boudabbous, SOI:IP ued toms(t)gr:tphy Of.thf che;tatvx./lth model—bas.ed.]a 2012
Christoph D. Becker, Xavier Montet[3] iterative reconstruction usinga radiation exposure similar
to chest X-ray examination
Bulla, S., Blanke, P., Hassepass, F., Krauss, T., Winterer, J. T., Reducing the radlatl.on qose fpr low-dose CT ot'"the
. paranasal sinuses using iterative reconstruction: 2012
Breunig, C., Pache, G.[7] . . .
feasibility and image quality
Siva P. Raman,Pamela T. Johnson, Swati Deshmukh,
Mahadevappa Mahesh, Katharine L. Grant, Elliot K. Dose Reduction Applications 2013
Fishman,[16]
Lui, D., Cameron, A., Modhafar, A., Cho, D. S., & Wong, Lui, D., Cameron, A., Modhafar, A., Cho,D. S., &
2013
AJ18] Wong, A.
Lois Romans[25] CT Image Quality 2013
ll}(;;lrg]gues, 8.1, Abrantes, A. F., Ribeiro, L.P., Almeida, R.P. Dosimetry in abdominal imaging by 6-slice computed 2012
Chance S. Dumaine, David A. Leswick, Derek A. Fladeland, | Changing Radiation Dose From Diagnostic Computed 2012
Hyun J. Lim, LoriJ. Toews[27] Tomography
Tiddens, H.a W. M., Stick, S. M., & Davis, S.[28] Multi-modality monitoring of cystic fibrosis Ing 2013
disease: The role of chest computed tomography
Sui-ToWong, Gwendolin Yiu, Yiu-ManPoon, Ming-Keung . L.
Yuen & Dawson Fong[29] Reducing radiation exposure from computedtomography 2012
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In summary, we intend to improve the diagnostic capacity
with the lowest possible dose. Recent clinical data have
shown that the algorithm IRIS using three iterations provide
a similar picture quality than normal CT of the chest with a
dose reduction of about 35% when compared with filtered
back projection (FBP)[5]. In a study of the chest performed
with a Ultra-Low Dose protocol, resulted in an exposure of
0.16 £ 0.006 mSv, values next dose of a PA and Lateral
Chest X-Ray (CXR)[5], which is reported between 0, 05 and
0.24 mSv in the literature[6-17]. This corresponds to a dose
reduction of 98.6% in comparison with the standard
diagnostic CT dose and 94% in comparison with the
low-dose CT. Regarding the study of the sinuses, by
reducing the current output / time at 20%, 40% and 60%
were obtained dose reductions of up to 60% compared to the
initial protocol. The best image quality, according to the
researchers, was verified with a dose reduction of 20%[7].
The image quality produced by these protocols is subjective
because there are few studies on the subject. As we know,
low-dose CT reduces radiation exposure, but decreases the
signal to noise ratio and consequently the diagnostic
capabilities[18]. However, the results regarding the quality
ofthe image look promising. In this study, we found that the
use of MBIR provides even greater noise reduction,
compared with only ASIR. The noise reduction of 12%, 28%
and 79% was achieved by ASIR-40-80 and ASIR MBIR,
respectively, which is in agreement with the results
published recently by other researchers[19]. As a result, the
Iterative reconstruction techniques lead to a significant
increase in image quality, reducing its noise, even in cases
where the contrast-to-noise ratio is very low. As a result, CT
scans can be performed with a significantly lower dose,
remaining however the diagnostic image quality[16]. In the
past two years, several studies have examined the effects on
patient dose and image noise of various iterative
reconstruction methods. All showed significant reductions in
radiation dose (up to 40% -50% in some cases)[20,21, 22]. A
study which was analysed in the algorithm SAFIRE body
scans (abdomen), showed a dose reduction by 50% while
preserving image quality[22]. With doses of radiation
constant, SAFIRE (Sinogram  Affirmed Iterative
Reconstruction) can reduce image noise by 35% and
improve the noise contrast in 50%[23]. When we move away
from marketing strategies, the concepts of /ow dose and
ultra-low dose become nonspecific and undefined. Fromthe
healthcare point of view, especially CT, along with the
traditional concepts of quality in healthcare, we have to add
image quality and patient safety[24]. Image quality is not a
clear issue nor is it consistent among specialists, raising
questions as: to which extent CT image provides information
for establishing a diagnosis? When an image is no longer
suitable for diagnostic?

When analysing image quality in CT, we are interested in
the same level of consistency and to what extent it actually
rigorously corresponds to the patient. Many factors influence
a CT image (the representation ofan object in digitized form).
To assess what concerns us, ifthe image represents the actual

anatomy, we mainly consider two main features: the
detectability of resolution or low contrast resolution and
detail that is, the high contrast resolution. The high contrast
resolution is the level of detail that is visible in the picture.
For example, two thin lines are very close to an object, will
they be identified on the image as two separate lines? The
low contrast resolution is the system's ability to distinguish
objects with similar densities. For example, consider an
object (i.e. small tumor) which has almost the same density
as the tissue around it. Will this object be detectable on the
image?[25]. We are in the field of healthcare safety. So what
is safety in TC? Is this concept only related to radiation
protection and dose reduction? Clearly not! Safety in TC, as
in other imaging methods that use radiation, must be broader
than the generalist definitions of Patient Safety[24].

Weneed to ensure that the level of noise that we accept for
a particular study is balanced. On one hand we need
guarantees that we do not lose any detail in the image that
would allow us to establish the diagnostic, and secondly, to
respect scrupulously the ALARP principle (as low as
reasonably practicable). We must also combine the issues of
noise with the radioprotective capacity of dose modulation
software, as it reduces dose according to the pattern of noise
for a certain image or anatomical region. Typically, this
noise level is defined by the type of exam. The results
obtained in a study published in 2012 for abdominal exams
performed on a 6 slice CT, showed that the radiation dose
received in these tests also depends on some of the patient’s
characteristics, being important to adjust the acquisition
parameters to patient’s dimensions. An effective method is
the use of automatic exposure control (A EC) which allows
reducing, or varying, the tube current according to the size of
the patient. In the case of children, this method is not
sufficient and there should be special attention due to their
increased radiosensitivity, using paediatric protocols and
taking into account all the precautions and principles of
radiation protection. In some types of CT scans, it is possible
to make the image acquisition with lower dose to the patient,
which leads to increased image noise. This increase in noise
is acceptable as long as images continue to enable an
efficient clinical diagnosis.[26].

4. Discussion

After reviewing the literature, we found no description
that quantifies dose reduction with the concepts low dose and
ultra-low dose. It is necessary to establish a clear and
unambiguous quantitative definition of these concepts. We
know only that each contains a reduced level of dose
administered to the patient forthe same (or similar) CT Scan.
With the exception of four articles[5, 6, 7, and 17], there is
no quantitative mention of how much dose reduction each
concept provides in relation to the previous protocols used.

All major manufacturers of CT provide meaningful tools
to reduce the radiation dose. Not many users take advantage
of'the capabilities of their equipment to reduce the dose, due
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to lack of familiarity and knowledge of how such tools
work[16]. We also know that each tool can be used
individually, but when combined, have a synergistic effect in
reducing the radiation dose[16].

In addition to all the tools available, we cannot forget what
has been observed between 2006 and 2008: a decrease in
dose on chest CT, always using the same equipment. As
noted above, this dose reduction occurred without any
change in equip ment, which emphasizes the importance of
acquisition protocols, combined with techniques for dose
management in CT[27]. Certainly the increased routine of
teams trying to achieve the universal goals of dose reduction
inherent in all the diagnostic techniques that use ionizing
radiation, are responsible for the fact noted earlier.

As regards the concepts and ultra-low dose low-dose
recently introduced, remains only a qualitative reference for
dose level, because they are devoid of any quantitative
reference standard. It is clear that there is no concrete
definition of what is and what matches each. The concept is
an ultra-low dose supposed evolution of the low dose,
although, with the exception of an article[5], which we
cannot quantify the value of reduced dose of ultra-low dose
compared to low dose.

As shown, the scientific literature, these two designations
used without reference is made (in the percentage orabsolute
value) as the equivalent each. Regarding the concepts of
qualitative dose measurement, low dose and ultralow dose
are devoid of any quantitative standard reference that allows
us to determine where one begins and the other ends, much
less which concept manufacturer’'s marketing campaigns
will follow. As we have seen, there is a starting point,a DRL,
which is much connoted with the FBP algorithm used in CT
since the 1970’s. This algorithmhas been the reference from
which we intend to establish buzzwords that characterize
dose reduction, but often we cannot quantify it. Established
standard diagnostic dose references, when we speak about
low-dose, what is the percentage decrease of radiation dose?
And for ultralow-dose what should we expect in relation to
the standard diagnostic dose, or in relation to the low-dose
concept? In fact, we found in the literature, several
references that enable us to conclude that we have presently
on the market, algorithms that reduce the dosage from about
35% (IRIS using three iterations) to 98.6% (ultralow dose
CT). We also found that the reduction of dose related to the
concept of low-dose is about 94%, compared with standard
diagnostic dose. Thus we see that the ULD has an absolute
value close to 40% to 50% reduction for the LD concept
[14,15, 16].

According to several researchers, this pattern appears
constant for chest studies. There are also studies that measure
the image quality for this anatomical region, by using
technical expert boards or Delphi panels[15, 16]. The chest
(lung) therefore seems to be the prime test spot for dose
reduction. As we analyse other anatomical regions, we found
a large dispersion and discrepancy.

In summary, according to the previously defined quality
standard of care in CT, we can focus on the issues of dose

reduction, and proceed to the goal of providing safe care; we
must assume that image quality and any assumptions
generically associated with health care quality are comp lied.
Thus, in order to provide safer healthcare and make wise
choices in CT, we need to delimit the concepts of low dose
and ultra-low dose.

There are no studies that define the concepts assertive low
dose and ultra-low dose, similar to what happened at the
beginning of the XXI century with the concept of pitch, it is
necessary to normalize definitively which corresponds,
under penalty of being an expression trivialized.

It is important that the responsible authorities and
departments for radiation issues define among which ranges
of percentage of the standard diagnostic dose we can call
dose reduction as LD and ULD. This concept should be
established by the type of examination.

5. Conclusions

The main results of this literature review point to the
inexistence of literature that clarifies all the concepts related
to Dose Reduction, Low Dose and Ultra Low Dose.

These terms were introduced by CT equipment
manufacturers and are used when it is intended to refer dose
reduction. Although, these terms rarely discriminate, in
absolute or percentage values, the effective dose radiation
reduction achieved by the several techniques and
technologies used.

The dose reduction concept, due to his non-specificity
and qualitative connotation, must be understood as any
technique, technology or software that reduces the radiation
level, when compared to a similar exam with the same
diagnostic goals. This concept is fairly explained in the
literature.

However, it is unclear in the majority of the documents
analysed, what should be the reference to use when it is
intended to quantify the dose reduction level.

Some literature is obscure when expressing that the
reference pattern is the filtered back projection
reconstruction algorithm.

The reference pattern to be used when quantifying the
radiation dose variation must be indicated unequivocally
and universally.

We also propose, based on the reduction of effective dose
per examination type, an interval scale for the classification
of new technologies (CT equipment), averaged over the dose
values obtained after analysis of the levels of all types of
examinations that the equipment can perform. This way we
would know the real value of dose reduction (considering the
maximum permissible standard deviation) for each of the
concepts associated with dose reduction.

Finally, it is intended that the findings of this article serve
as a point of reflection on the determination of concepts
extremely important and sensitive computerized tomography,
starting from studies that have consolidated and universally
quantify their use, under penalty of being trivialized
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foreseeable future.

ACKNOWLEDGEMENTS

I would like to thank all radiology professional who work
with CT, as well as all those who have contributed to the
development of this diagnostic tool with increasing quality
and safety.

REFERENCES

[1]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

CUNHA, Miguel Pina e. (2002). Introducdo a Qualidade de
Servigo: A Perspectiva da Gestdo de Recursos Humanos.
Lisboa: Edigdes Instituto superior de Psicologia Alicada.

Schauer, D. A. (2008). Current & Planned NCRP Activities.
Radiation Measurements. National Council on Radiation
Protection and M easurements.

Kalender, W. A. (2000). Computed tomography -

fundamentals, system technology, image quality, applications.

Alemanha: Publics MCD Verlag.

Miéville, F.A., Gudinchet F., Brunelle F., Bochud F.O.,
Verdun F.R..(2013). Iterative reconstruction methods in two
different MDCT scanners: Physical metrics and 4-alternative
forced-choice detectability experiments e A phantom
approach. Institute of Radiation Physics, University Hospital
Center and University of Lausanne. Phys Med. 2013
Jan;29(1):99-110. doi: 10.1016/j.ejmp.2011.12.004. Epub
2012 Jan 2.

Neroladaki, A., Botsikas, D., Boudabbous, S., Becker, D. &
Montet, X.. (2013). Computed tomography of the chest with
model-based iterative reconstruction using a radiation
exposure similar to chest X-ray examination: preliminary
observations. Eur Radiol (2013) 23:360-366 DOI
10.1007/s00330-012-2627-7

Bacher K, Smeets P, Bonnarens K, De Hauwere A, Verstracte
K, Thierens H (2003) Dose reduction in patients undergoing
chest imaging: digital amorphous silicon flat-panel detector
radiography versus conventional film-screen radio graphy and
phosphor-based computed radiography. AJR Am J
Roentgenol 181:923-929

Tiddens, H. a W. M., Stick, S. M., & Davis, S. (2013).
Multi-modality monitoring of cystic fibrosis lung disease:
The role of chest computed tomography. Paediatric
respiratory reviews, 1-6. doi:10.1016/j.prrv.2013.05.003

Wang, S., (2008). Radiology Education in Southeast Asia:
Current Status and Pedagogical Challenges. Verlag Berlin

Heidelberg: ~ Springer 2008, III, 213-232, DOI:
10.1007/978-3-540-68989-8 18
Siemens AG., Guide to Low Dose. Germany, 2010

www.siemens.com/low-dose

BFS. Umweltradioaktivitat und Strahlenbelastung im Jahr “r
Umwelt, Naturschutz und Reaktorsicherheit (BMU); 2003.
Unterrichtung durch die Bundes- regierung
(Parlamentsbericht), Berichtjahr.

[11]

[14]

[16]

[19]

(22]

(23]

[24]

UNSCEAR. Sources and effects of ionizing radiation. United
Nations Scientific Committee on the Effects of Atomic
Radiation 2000 Report to the General Assembly, with
Scientific Annexes. volume I: Sources. UN Sales Publication
E.00.IX.3. New York, USA: United Nations, 2000.

OECD (2012), “M edical technologies: CT scanners and MRI
units”, in Health at a Glance: Europe 2012, OECD
Publishing. http://dx.doi.org/10.1787/9789264183896-31-en

Brody, A., Frush, D., Huda, W. & Brent, R., (2007) Radiation
Risk to Children From Computed Tomography, in
American Academy Of Pediatrics, Pediatrics Vol. 120 No. 3
September 1,pp. 677 -682 (doi: 10.1542/peds.2007-1910)

Joint Commission on Accreditation of Health Care
Organizations (1993). The measurement mandate: on the
road to performance improvement in health care. Chicago:
JCAHO Editions

Sousa, P. (2010). Qualidade em saude: da definicdo de
politicas a avaliagdo de resultados. C. Silva et al. 4 qualidade
numa perspectiva multi e interdiscip linar. Qualidade e saude:
perspectivas e praticas. Lisboa: Edigdes Silabo, 19-31.

Raman, S. P., Johnson, P. T., Deshmukh, S., Mahesh, M.,
Grant, K. L., & Fishman, E. K. (2013). CT dose reduction
applications: available tools on the latest generation of CT
scanners. Journal of the American College of Radiology:
JACR, 10(1), 37-41. do0i:10.1016/j.jacr.2012.06.025

Schuncke A, Neitzel U (2005) Retrospective patient dose
analysis of a digital radiography system in routine clinical use.
Radiat Prot Dosimetry 114:131-134.

Lui, D., Cameron, A., Modhafar, A., Cho, D. S., & Wong, A.
(2013). Lui, D., Cameron, A., Modhafar, A., Cho, D. S., &
Wong, A.. Computerized medical imaging and graphics: the
official journal of the Computerized Medical Imaging Society.
doi:10.1016/j.compmedimag.2013.05.006

KatsuraM, M atsuda I, Akahane M et al (2012) M odel-based
iterative reconstruction technique for radiation dose reduction
in chest CT: comparison with the adaptive statistical iterative
recon- struction technique. Eur Radiol 22:1613-1623

Xu J,Mahesh M, Tsui BM. (2009) Is iterative reconstruction
ready for MDCT? J Am Coll Radiol ;6:274-6.

Desai GS, Uppot RN, Yu EW, Kambadakone AR, Sahani DV.
(2012) Impact of iterative reconstruction on image quality
and radiation dose in multidetector CT of large body size
adults. Eur Radiol;22:1631-40.

Winklehner, Anna., Karlo, Christoph., Puippe, Gilbert.,
Schmidt, Bernhard., Flohr, Thomas., Goetti, Robert .,
Pfammatter, Thomas., Frauenfelder, Thomas., Alkadhi,
Hatem., (2011) Raw data-based iterative recon- struction in
body CTA: evaluation of radiation dose saving potential. Eur
Radiol;21:2521-6.

Grant K, Raupach R., (2012) SAFIRE: Sinogram Affirmed
Iterative Reconstruc- tion. Available at: http://www.medical.
siemens.com/siemens/en_US/ gg ct FBAs/files/Definition
AS/Safire.pdf. Accessed August 13.

Abrantes, A. F. C. L. (2012). Doutoramento em Sociologia
Determinantes Organizacionais na Qualidade em Tecnolo gias
da Satde. O caso particular dos Servicos de Radiologia do
Sector Publico da Regido de Satude do Algarve.



[25]

[26]

[27]

American Journal of Biomedical Engineering 2013, 3(6A): 15-21 21

Romans, Lois. BA, R. (2013). CT Image Quality. CE
Websource, (810). Retrieved from http ://www.cewebsource.
com/coursePDFs/CTimageQuality pdf

Rodrigues, S. I., Abrantes, A. F., Ribeiro, L. P., Almeida, R. P.

P. (2012). Dosimetry in abdominal imaging by 6-slice
computed. Radiol Brasileira, Colégio Brasileiro de
Radiologia e Diagnéstico por Imagem, 45(5), 326-333.
Retrieved from http://www scielo.br/pdfirb/v45n6/en_08.pdf

Dumaine, C. S., Leswick, D. a, Fladeland, D. a, Lim, H. J., &
Toews, L. J. (2012). Changing radiation dose from diagnostic
computed tomography examinations in Saskatchewan.
Canadian Association of Radiologists journal = Journal
I’Association canadienne des radiologistes, 63(3), 183-91.
doi:10.1016/j.carj.2011.03.003

(28]

[29]

Bulla, S., Blanke, P., Hassepass, F., Krauss, T., Winterer, J. T.,
Breunig, C., Pache, G. (2012). Reducing the radiation dose
for low-dose CT of the paranasal sinuses using iterative
reconstruction: feasibility and image quality. European
journal of radiology, 81(9), 2246-50. doi:10.1016/j.ejrad.20
11.05.002

Wong, S.-T., Yiu, G., Poon, Y.-M., Yuen, M .-K., & Fong, D.
(2012). Reducing radiation exposure from computed
tomography of the brain in children--report of a practical
approach. Child’s nervous system: ChNS: official journal of
the International Society for Pediatric Neurosurgery, 28(5),
681-9. doi:10.1007/s00381-012-1680-5



	1. Introduction
	2. Methods
	3. Computerised Tomography – Image Quality, Acquisition and Dose
	4. Discussion
	5. Conclusions
	ACKNOWLEDGEMENTS

