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“When I use a word,” Humpty Dumpty 
said in rather a scornful tone, “it means 
just what I choose it to mean — neither 
more nor less.”

“The question is,” said Alice, “whether 
you can make words mean so many 
different things.”

“The question is,” said Humpty 
Dumpty, “which is to be master—
that’s all.”

Lewis Carroll, Through the  
Looking Glass

In manuscripts submitted to Radiology, 
the term low-dose computed tomog-
raphy (CT) is often used but rarely  

well defined. No quantitative definition 
exists to indicate how low the dose in 
low-dose CT must be. A given CT ex-
amination can, thus, be “low dose” only 
as compared with an examination with 
a higher dose, commonly referred to as 
standard-dose CT. Likewise, however, 
no precise definition of the term standard 
dose exists. Any definition of low dose 
is, therefore, substantially limited by its 
relativistic foundation. In addition, the 
term low dose suffers from several other 
important drawbacks.

In this editorial, we will discuss the 
drawbacks of the term low dose and 
explain why we believe that this term 
should no longer be used. Then, we will 
summarize preferable approaches used  
to quantify CT-related radiation dose. 
Finally, we will give recommenda-
tions on how CT-related radiation dose 
should be reported in manuscripts 
submitted to Radiology, with a spe-
cial emphasis on the importance of 
size-specific-dose-estimates.

A first drawback of the term low dose 
is that its meaning is subject to consider-
able variation over time. The sustained 

efforts of radiologists and physicists to 
reduce CT radiation dose are not the 
result of a single, binary, evolutionary 
paradigm shift in the history of radiology. 
They rather reflect the ongoing efforts 
of radiologists, physicists, and manufac-
turers to reduce the dose administered 
in diagnostic examinations. These efforts 
have been promoted by the awareness 
of the potential health risks caused by 
radiation, by changing image quality re-
quirements, by a changing spectrum of 
clinical indications, and by changes in  
technology. In CT, the ongoing efforts 
toward technique optimization and dose 
reduction are not linear and have been 
accelerated by factors such as the de-
velopment of new generations of CT scan-
ners; the introduction of automated ex-
posure control, including tube potential 
optimization; the use of noise-reduction 
algorithms; new image reconstruction 
algorithms; and, last but not least, the 
increasing awareness of the general public, 
media coverage, and governmental in-
put. Thanks to these efforts, CT exam-
ination protocols that were considered 
low dose a decade ago are now a widely 
accepted clinical standard. Likewise, we 
should expect that CT protocols cur-
rently considered low dose will become 
the clinical standard in a very foresee-
able future. Therefore, at any given point 
in time, the term low dose is accurate 
only in the short run. There certainly 
is a limit to a reduction in dose, deter-
mined by the photon requirements to 
keep an image at an acceptable noise 
level. Given the acceleration of technical 
innovation, however, the already fleet-
ing meaning of the term low dose is at 
risk for obsolescence at a steadily increas-
ing rate.

The National Lung Cancer Screen-
ing Trial (NLST) provides a recent illus-
tration for this trend (1). The technical 
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raised. What will follow ultralow dose  
CT? When will “super-extra-nano-low– 
dose” CT emerge? The frightening per-
spective is a tower-of-Babel–like scenario, 
with an increasing number of low-dose–
like terms without definition, which will 
be a source of confusion among both 
patients and radiologists. From an edi-
torial perspective, this tendency clearly 
is neither desirable nor sustainable. Fi-
nally, similar to the sometimes decep-
tive qualitative label “light” on various 
consumer goods, “low dose” might falsely 
assuage potentially justified concerns 
of patients and physicians, rather than 
provide them with meaningful quantita-
tive information required for informed 
decision making based on a responsi-
ble comparison of realistic risks and 
benefits.

We believe that the only remedy to 
these concerns is the general avoidance 
of the term low dose and its replace-
ment by terminology that will allow pre-
cise and reproducible comparisons of 
dose between and within studies. One 
possible approach to this issue would 
be to report the effective dose. In fact, 
a number of authors have unfortunately 
used this metric to report patient dose 
and the magnitude of dose reduction in 
manuscripts submitted to Radiology. Ef-
fective dose is expressed in millisieverts 
and represents a calculated parameter 
that cannot be directly measured. The 
calculations are based on the number 
and a hypothetical relative radiosensitiv-
ity of the organs exposed during a given 
CT examination protocol. The organs 
are then assigned a weighting factor, as 
defined by the International Commis-
sion on Radiological Protection (ICRP) 
(15). However, these weighting factors 
are periodically reassessed and have 
already been changed three times since 
the concept was introduced in 1977 
(16–21).

In its most recent report (21), the 
ICRP emphasized that effective dose is 
defined only for the ICRP reference hu-
man. This reference human has organ 
doses that are the average value of the 
ICRP reference adult male and adult fe-
male. Thus, effective dose cannot be 
used to describe dose to any individual, 
notably because it avoids consideration 

constantly adapts these ranges with re-
spect to geographic changes (9). The 
overall consequence of these geographic 
considerations is that, for the standard 
patient at the same point in time, low dose 
can mean something very different in  
two distinct countries or continents (10).

A third drawback is that the mean-
ing of low dose is subject to consider-
able variation between and, potentially, 
within patients. Before the introduction 
of automated exposure control devices, 
the calculation of the CT dose applied 
to a given patient (ie, the radiation out-
put of the scanner, or CT dose index) 
was relatively straightforward. It was 
determined by using single tube current 
settings, typically 120 kV tube poten-
tial. This made CT dose index levels rel-
atively easy to calculate and compare 
among different CT scanner models, 
protocols, and patients (11). With the 
introduction of automated exposure con-
trol, individual factors such as the body 
habitus, body circumference, and body 
position in the CT gantry with respect 
to the center of rotation started to sub-
stantially affect the CT dose index values 
used in clinical scanning (4–6).

A fourth drawback is that the use of 
the term low dose is at risk for consid-
erable conceptual imprecision. In 1999, 
scientific articles listed in PubMed and 
containing the words “low dose” and 
“CT” in either their title or abstract 
accounted for 0.85% (61 of 7159) of 
all articles with “CT” or “computed to-
mography” in the title or abstract. In 
2010, the same proportion was 2.29% 
(394 of 17 239), which, thus, is almost 
a factor of three higher. This increase 
likely reflects the increased interest in 
CT radiation dose over the past decade. 
Now that previous low-dose CT has ef-
fectively become standard-dose CT at 
many institutions, a tendency appears 
to connote further efforts toward dose 
reduction with additional adjectives to 
connote increasingly diminutive low 
dose. First reports about “extremely low 
dose” and “ultralow dose” CT have, in-
deed, already appeared in the literature 
(12–14). As ongoing efforts to reduce 
CT radiation dose continue, concerns 
about overstretching the lower end of 
the terminology scale will no doubt be 

CT parameters on which the protocols 
for this trial are based were published 
in 1999 (2). According to those param-
eters, the trial was explicitly defined as 
a low-dose CT screening study. When 
the trial started in 2002, the examina-
tion protocols could still be considered 
to represent low-dose CT. However, the 
CT protocols required 120–140 kVp and 
were performed without automated ex-
posure control, resulting in an estimated 
effective dose of 1.5 mSv per examina-
tion (1). Today, voltage settings of 140 
kVp have been widely abandoned (3),  
the systematic use of automated exposure 
control is considered the standard of 
care (4–6), and an estimated effective 
dose of 1.0 mSv is considered to be a 
reasonable upper limit for CT examina-
tions aimed at detection and follow-up 
of lung nodules (7). From this perspec-
tive, the use of the term low dose for 
CT protocols of the NLST no longer ap-
pears to be justified, a mere year after 
the study was completed.

A second drawback is that the mean-
ing of low dose is subject to consider-
able variation geographically. This geo-
graphic variation has many facets. It is 
explained in part by differences in the 
regional awareness of issues related to 
CT radiation dose. These differences 
triggered the publication of regional guide-
lines for CT dose reduction, which re-
flect differences in definition of these  
terms geographically. For example, the 
European guidelines for maximum organ-
specific CT doses are recognized to be 
more stringent than similar guidelines  
from non-European countries (8). A more 
practical aspect of geographical vari-
ability is the so-called average patient  
or standard patient to which many publi-
cations about the assessment of CT radi-
ation dose reduction refer. The precise 
size and weight of this average patient, 
however, may substantially vary in dif-
ferent regions and is larger in the west-
ern hemisphere and smaller in countries 
of the developing world. According to 
these changing differences, the World 
Health Organization (WHO) does not 
use fixed thresholds but rather ranges 
of body mass index to define categories  
such as “normal,” “overweight,” or “un-
derweight” (9). In addition, WHO 
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in centimeters, and its unit is milligray-
centimeters. CTDIvol and DLP are con-
sidered by some as the only two dose 
parameters that can be universally in-
terpreted (29). In addition, DLP and 
CTDIvol, have the advantage that they can 
be read from the dose protocol directly 
on the scanner console at the time of the 
CT examination.

Despite their practical advantages, 
however, both CTDIvol and DLP measure 
scanner output only, and because they 
do not include information about pa-
tient dimensions and the region of the 
body examined, they cannot reflect in-
dividual patient dose. Therefore, a third 
parameter that reflects patient dimen-
sions is needed. Measurement of the 
largest anteroposterior and transverse 
diameters of the scanned body region 
is probably the most practical means to 
accomplish this task. In fact, measure-
ments of these diameters can be per-
formed both on the topogram (ie, the 
CT projection radiograph used to deter-
mine the anatomic scan range) before a 
particular scan is initiated and on the 
reconstructed transverse images after 
completion of the scan. Alternative 
measures, such as calculating the body 
mass index (32), require gathering po-
tentially remote information from the 
clinical charts that might not be readily 
available. In addition, global body size 
indicators such as weight or body mass 
index do not necessarily represent the 
attenuation in specific body regions, 
because patient weight can be distrib-
uted very differently among individuals. 
In contrast, patient diameters can be 
measured in the scanned region at ev-
ery single CT examination by using the 
digital calipers on the CT console.

The American Association of Physi-
cists in Medicine Task Group 204 report 
(33) defines the effective diameter as 
the square root of the anteroposterior 
diameter times the transverse diameter. 
The report also provides tables based on 
the effective diameter aimed to find the 
conversion factor fsize that, when multi-
plied by CTDIvol, will yield an SSDE for a 
given patient and CT examination: SSDE 
= fsize 3 CTDIvol. Thus, other than just 
quantifying the dose output values for a 
given CT examination by using CTDIvol 

describe CT dose (29). An important 
requirement for the accurate interpre-
tation of CTDIvol, however, is informa-
tion about the phantom size that was 
used to estimate this parameter. Both 
16- and 32-cm phantoms are currently 
used by various manufacturers for cal-
culating their CT dose index reference, 
which can lead to ambiguity if the phan-
tom size is not specifically stated.

The limitations of CT dose index  
in general and of CTDIvol in particular 
have been extensively discussed in the 
literature (30,31). First, CT dose index 
is measured by using a standardized, 
cylindric, homogeneous phantom. This 
phantom cannot reflect the wide variety 
in sizes, shapes, and attenuation char-
acteristics of the human body. Second, 
CT dose index reflects dose to air and 
not dose to tissue. CT dose index is, 
thus, quite remote from actual tissue 
dosimetry. Third, the 14-cm length of 
the body CT dose index phantom does 
not provide a sufficiently long scatter 
path relative to the typical length of a 
human torso. Therefore, CT dose index 
may underestimate the true dose deliv-
ered to the patient. Fourth, the current 
100-mm integration length is sufficient 
for measurements of dose details for a 
beam width of several centimeters, but 
it is insufficient for beam widths greater 
than 10 cm. Fifth, CT dose index does 
not indicate the dose to a specific ana-
tomic location if the patient is station-
ary during multiple scans, such as in 
perfusion CT and during interventional 
procedures (30,31). Despite these lim-
itations, however, CTDIvol currently re-
mains the cornerstone parameter in the 
assessment of CT dose.

CTDIvol is independent of scan length 
and patient size. Therefore, CTDIvol alone 
does not quantify how much radiation 
a specific patient receives but simply in-
dicates how much radiation is directed 
toward the patient. To translate the re-
ported CTDIvol for an individual or a 
patient cohort into a more meaningful 
measure of dose, additional information 
about scan length and body dimensions 
must be provided. Although scan length 
can be given in centimeters, it is more 
elegantly represented by DLP. DLP is the 
product of CTDIvol and the scan length 

of the effect of patient size on dose and 
because organ risk coefficients are av-
eraged over both sexes and all ages. 
For individual risk assessment, specific 
organ doses to each individual in the 
cohort must be considered.

The applicability of effective dose in 
medicine is limited to comparing the ef-
fective dose value, for example, from a 
coronary CT to a catheter-based coro-
nary angiogram or a nuclear medicine 
myocardial perfusion scan. The effective 
dose of a given examination can also 
be compared with background radiation 
levels. However, effective dose cannot 
help to define low dose more precisely 
(16). There is increasing awareness of 
the severe limitations of effective dose 
when specifically used for dose-associated 
risk assessment (16). Therefore, the au-
thors of recent publications recommend 
that, given the inherent uncertainties 
and oversimplifications involved with the 
use of effective dose, this parameter 
should not be used for dose-related pop-
ulation risks (17). We emphasize this 
recent recommendation by discouraging 
the use of effective dose in this context.

Instead, studies in which CT dose 
levels are evaluated and compared should 
consistently report the following four 
parameters: (a) volume CT dose in-
dex (CTDIvol), (b) dose length prod-
uct (DLP), (c) a measure of patient 
dimensions, for example the effective 
diameter (8,22–27), and (d) the size-
specific dose estimate (SSDE).

CTDIvol specifies the amount of ra-
diation delivered by the scanner for a 
specific CT examination. It is sometimes 
referred to as the scanner radiation out-
put, and its unit of measure is the mil-
ligray. Being a scanner-dependent pa-
rameter, CTDIvol is displayed in the dose 
protocol of virtually every current CT 
scanner. CTDIvol is precisely defined by 
international standards organizations 
and by regulatory agencies (27). More-
over, CTDIvol is the metric used by the 
American College of Radiology for CT 
practice accreditation (28). Finally, the 
equipment required to measure CTDIvol 
is available worldwide. These attributes 
have all contributed to the current uni-
versal acceptance of CTDIvol as pre-
ferred scanner-specific parameter to 
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and recommendations. J Thorac Imaging 
2010;25(4):278–288. 

 8. European Commission. European guidelines 
on quality criteria for computed tomogra-
phy. EUR 16262 EN. Luxembourg: Office for 
Official Publications of the European Com-
munities, 2000.

 9. World Health Organization. Global database 
on body mass index. Geneva, Switzerland: 
World Health Organization, 2010.

 10. Muhogora WE, Ahmed NA, Beganovic A, et 
al. Patient doses in CT examinations in 18 
countries: initial results from International 
Atomic Energy Agency projects. Radiat Prot 
Dosimetry 2009;136(2):118–126. 

 11. Tack D. Methods and strategies for radi-
ation dose optimization and reduction in 
MDCT with special focus on the image qual-
ity. In: Tack D, Gevenois PA, eds. Radiation 
dose from adult and pediatric multidetector 
computed tomography. Berlin, Germany: 
Springer, 2007; 99–116.

 12. Blankstein R, Okada DR, Mamuya WW. 
Ultra low radiation dose cardiac CT. Int J 
Cardiol 2011;149(1):e28–e29.

 13. Kluner C, Hein PA, Gralla O, et al. Does 
ultra-low-dose CT with a radiation dose 
equivalent to that of KUB suffice to detect 
renal and ureteral calculi? J Comput Assist 
Tomogr 2006;30(1):44–50. 

 14. Yu H, Zhao S, Hoffman EA, Wang G. Ultra-low 
dose lung CT perfusion regularized by a previ-
ous scan. Acad Radiol 2009;16(3):363–373. 

 15. Mettler FA Jr, Huda W, Yoshizumi TT, Ma-
hesh M. Effective doses in radiology and 
diagnostic nuclear medicine: a catalog. Ra-
diology 2008;248(1):254–263. 

 16. Martin CJ. Effective dose: how should it be 
applied to medical exposures? Br J Radiol 
2007;80(956):639–647. 

 17. McCollough CH, Christner JA, Kofler JM. 
How effective is effective dose as a predic-
tor of radiation risk? AJR Am J Roentgenol 
2010;194(4):890–896. 

 18. McCollough CH, Schueler BA. Calculation of 
effective dose. Med Phys 2000;27(5):828–
837. 

 19. International Commission on Radiological 
Protection. Recommendations of the ICRP. 
ICRP Publication 26. Ann ICRP 1977;1(3).

 20. 1990 Recommendations of the International 
Commission on Radiological Protection. 
Ann ICRP 1991;21(1-3):1–201.

 21. The 2007 Recommendations of the Interna-
tional Commission on Radiological Protection. 
ICRP publication 103. Ann ICRP 2007;37(2-4): 
1–332. 

and reproducibility of the studies pub-
lished in Radiology. The vast majority 
of articles in our journal are aimed ul-
timately at improving patient care. One 
way to help achieve this goal is to pro-
vide our readers with articles that use 
meaningful and universally understood 
terminology. Unfortunately, the term 
low dose CT does not satisfy this stan-
dard and, as a consequence, should no 
longer be used.
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