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By Dr T Kubo

Current status of radiation dose reduction in chest Ct

There is continuing and increasing concern regarding the level of radiation dose in CT exaninations.  
There are however many approaches which can result in significant dose reduction without any sac-
rifice of diagnostic accuracy. This article reviews the current status of such approaches in chest CT. 

The reduction of radiation dose in CT examinations is an impor-
tant issue in current diagnostic radiology [1,2]. Overall, the expo-
sure of patients to radiation as a result of medical imaging has 
grown significantly [3]. CT examinations are the largest, and fast-
est growing, source of ionizing radiation exposure to patients. As a 
result several initiatives have been introduced to reduce the radia-
tion dose in, such as ALARA  or “as low as reasonably achievable”.
However, in the era of digital imaging the identification of cases 
of overdosing is not easy in practice. An image acquired using too 
much X-ray exposure may even be considered as a ‘good’ image 
because it has lower image noise and fewer artifacts. It takes a lot 
of careful attention to recognize overexposure. 
A starting point is to define clearly the level of image quality 
that is needed for the examination purpose. For example, if the 
lesion being investigated is a 10 mm solid lung nodule, there is 
no problem in using a dose that results in an increased noise level. 
Thus, aggressive reduction in radiation dose may be achievable in 
cases where an image with high noise level is acceptable. On the 
other hand, an investigation of small lesions, or lesions with low 
contrast compared to background cannot be reliably performed 
using “noisy” images.

METHOds Of RAdIATION dOsE REduCTION

It is vital to observe proper image acquisition technique to be able 
to minimize radiation dose to the patients. Aspects of patient posi-
tioning, such as table height, centering of the patient and limb posi-
tioning can all affect image quality and consequently are related 
to the radiation dose [4]. Use of an appropriate scan range is also 
desirable. Scanning an area outside the region of clinical interest 
results in unnecessary radiation dose and should be avoided. 
The radiation dose that the patient receives is directly related to 
the tube current and tube voltage of the X-ray generator, but the 
results of changes in each of these parameters are different. The 
effect of tube current is easy to understand since it correlates 
linearly with the parameter known as fluence, or photon flux 
over time. Tube voltage is also related to photon fluence but this 
relation is not linear, but exponential. 
The nature of these relationships explains, for example, that 
switching from 120 to 100 kVp (a change of 17%) results in a 
dose reduction of over 30%. 

X-ray penetration also correlates with tube voltage and therefore 
the physique of the patient should also be taken into account 
when reducing tube voltage. Generally low voltage scans are not 
suitable for large or obese patients. In practice, the selection of 
tube voltage is not as flexible as that of tube current but is limited 
to several preset values (e.g., 80, 100, 120, or 140 kVp). 
However, there is an unique advantage to the reduction of tube 
voltage, namely that the enhancing effect of iodine is emphasized 
by lowering peak X-ray energy. Thus, in contrast-enhanced CT 
tube voltage reduction is particularly useful for reducing radiation 
dose without loss of image quality.
In recent years several technological innovations have been intro-
duced which provide good opportunities to decrease radiation 
exposure to patients. Automatic exposure control (AEC) sys-
tems and iterative reconstruction (IR) methods are important 
examples of such advances. 

AuTOMATIC ExpOsuRE CONTROL 

AEC allows dynamic tube current adjustment during an exami-
nation [5] so that the image noise level is kept constant through-
out the range of scan. Incorporated in most modern CT scanners, 
AEC systems adjust the current in three dimensions by combin-
ing current adjustment during gantry rotation (angular modu-
lation) and during table feed (longitudinal modulation). The 
effectiveness of AEC in radiation dose reduction has been well 
demonstrated [5]. In practice AEC systems differ to some degree 
between CT machines from different manufacturers. Depending 
on the manufacturer they are known by different names, e.g. 3D 
mA modulation (General Electric), DoseRight (Philips), CARE 
Dose 4D (Siemens) and SureExposure 3D (Toshiba).
When the AEC system is operating, the actual value of tube 
current is not set directly, but instead, the user simply selects the 
desired quality of image. It is important to realize however that 
the dose-sparing effect depends on this user choice. If the target 
image quality is set too high, AEC will increase the radiation dose 
to attain the image quality set by the operator. Thus knowledge 
of the image quality necessary for a particular clinical question is 
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All modern CT machines are equipped with iterative reconstruction algorithms, 
whose use can result in high quality inages at lower dose.
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important even with AEC systems.
ITERATIvE RECONsTRuCTION 
For reconstruction of CT images, filtered back 
projection (FBP) has long been the standard 
method. However, significant reduction in 
radiation dose can be attained by the relatively 
newly-introduced method known as iterative 
reconstruction [6]. Through the repeated pro-
cess of data correction and comparison, the 
method produces a final CT image that is much 
closer to an ideal image with lower image noise 
and fewer artifacts. Improved image quality 
can correspond to a potential radiation dose 
reduction of over 50%. The IR algorithms are 
available in different versions depending on 
the manufacturer and have different names: 
ASIR and VEO from General Electric, IRIS 
and SAFIRE from Siemens, AIDR 3D from 
Toshiba and iDose4 from Philips.
Theoretically, a fully-fledged IR process can 
involve long computation time that could be 
as long as hours. However, CT scanner ven-
dors have devised ways to reduce computa-
tional time and costs by various modification 
of the IR process. IR reconstruction methods 
are applicable in the routine clinical practice in 
most of recently introduced scanner models.

RAdIOsENsITIvE ORGANs

Selective dose reduction can be applied when 
radiosensitive organs are located within the 
scan volume. In the area of chest CT, the female 
breast is the critical organ. The radiation dose 
that the breast tissue is exposed to can be low-
ered using one of two different methods. One 
is to block the passage of X-rays through the 
mammary gland by placing radiopaque shields 
made of bismuth over the breasts [7]. However, 
heavily radiopaque shield material can cause 
artifacts and therefore careful attention must 
be paid to the shield position to minimize dete-
rioration of image quality. The other way of 
breast protection is to reduce the tube X-ray 
output when the tube comes closest to the 
breasts. This method, known as organ-based 
tube-current modulation, involves adjusting 
the tube current during a gantry rotation as 
in angular tube current modulation [8]. The 
X-ray intensity in other projections is increased 
so that, overall, the image noise remains the 
same throughout the image.

THE NEEd fOR sTudIEs Of dIAGNOsTIC 
ACCuRACY
The confident and safe use of dose reduction 
techniques rely on proven evidence for the effec-

tive application of dose reduction techniques. 
Only such hard evidence will encourage sceptics 
and lead to more frequent use of low dose CT. 

Many studies have compared the image 
quality of low dose CT with higher/standard 
dose CT images. Image quality is typically 
evaluated in terms of an objective index of 
image noise (i.e. the standard deviation of CT 
numbers) or by a subjective scoring system. 
Most of these studies have concluded that, 
based on subjective evaluation, the image 
quality of low dose images was satisfactory [1].

The best way to convince sceptical users 
to routinely implement low dose methods 
is to demonstrate that the diagnostic accu-
racy remains the same with the newer, dose-
sparing methods. Such evaluations in terms 
accuracy and confidence level of the diag-
nostic performance are available in a limited 
number of disease conditions. For example, 
the effectiveness of low dose CT examination 
has been investigated for pathologies such 
as pulmonary nodules, pulmonary emboli, 
emphysema, air trapping, bronchiectasis and 
cystic fibrosis. Studies of diagnostic accuracy 
generally focus on testing only one partic-
ular pathology. However, things are not so 
simple in clinical practice. Usually there are 
more than one disease process to be evalu-
ated at a time. Frequently physicians expect 
CT examinations to provide even fortuitous 
discoveries of clinically silent abnormalities. 
Of course it would be preferable to be able 
to prove the accuracy of low dose chest CT 
for chest diseases in general but this is much 
harder to achieve in practice. A large and well-
designed study carried out by Mayo et al. ten 
years ago compared original images obtained 
at 100 mAs and simulated low dose images 
at 40 mAs. They showed a significant dif-
ference in the accuracy of chest CT findings 
[9]. Although the result of this study is not 
directly applicable to modern, state-of-art CT 
scanners, there still is a point where noise 
and artifacts prevent readers from detecting 
abnormal findings. 

Thus, new proof of the accuracy of cur-
rent low dose CT images is needed. One future 
approach is to set the limit of lowest image qual-
ity possible for commonly encountered findings 
such as nodules, airway abnormalities, emphy-
sema, ground glass attenuations, consolidations, 
etc., and then categorize abnormal findings into 
three or four groups according to the level of 
image quality recommended for the evaluation. 
These would then serve as a guide for radiolo-

gists and technologists to select the appropriate 
scan parameter for image acquisition. 

CONCLusION
In the face of the ever-increasing use of CT 
examinations, efforts to reduce dose in CT 
should be made routinely. Recent develop-
ments of CT technology have brought impor-
tant advances in radiation dose reduction, 
particularly AEC systems and IR methods, 
which should be incorporated in the routine 
CT protocol whenever applicable. Education 
is an integral part of the overall radiation dose 
reduction endeavor. For example, it should be 
well understood that beautiful images may not 
always be necessary; more often than not they 
mean that there is a room for dose reduction. 
Radiation dose efficiency is expected to con-
tinue to improve thanks to ongoing advances 
in image acquisition techniques. However, 
with all those technological refinements, the 
choice of imaging procedure still needs need 
to be made as a function of the clinical ques-
tions to be answered together with a sound 
knowledge of the pathophysiology and likely 
imaging findings of the suspected condition. 

Medical personnel, especially diagnostic 
radiologists, must continue to play their role 
in the improvement of imaging practice to 
conform to the ALARA principle.
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