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DOSIMETRY: WHICH DOSE FOR SCREENING, DIAGNOSIS AND 
FOLLOW-UP?*
D. Tack1, H. Salame1

The question of which dose for screening, diagnosing ad follow-up of pulmonary nodules is a permanent issue for 
radiologists and radiotherapists. The proposed dose values for 2013 reflect the possibilities of the latest CT genera­
tions, from 2010 or later and include all technical novelties such as iterative reconstructions, automatic tube potential 
selection, and latest detectors. As the technology is constantly evolving, these parameters are susceptible to lower 
every year. 
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plied in screening and follow-up and 
“standard dose” for diagnosis. How-
ever, these terms deserve further 
discussion. 

Nomenclature for describing the 
dose from CT scanning

In the literature and in the daily 
practice, the term low-dose CT is of-
ten used but rarely well defined. No 
quantitative definition exists to indi-
cate how low the dose in low-dose 
CT must be. A given CT examination 
can, thus, be “low dose” only as 
compared with an examination with 
a higher dose, commonly referred to 
as standard-dose CT. Likewise, how-
ever, no precise definition of the 
term standard dose exists. Any defi-
nition of low dose is, therefore, sub-
stantially limited by its relativistic 
foundation (12). In addition, the term 
low dose suffers from several other 
important drawbacks. First, the term 
low dose is subject to considerable 
variation over time because the tech-
nique is rapidly evolving and the 
general awareness of dose is in-
creasing. Thanks to these positive 
trends in managing the dose, CT ex-
amination protocols that were con-
sidered low dose in 2000 are now 
used as default standard ones. 
Therefore, at any given point in time, 
the term low dose is accurate only in 
the short run (12). In screening, the 
first studies published on low-dose 
CT delivered around 1.5 mSv per in-
dividual screening examination (13, 
14). In 2011, an up to date CT “stan-
dard” helical CT protocol delivered 
77.7 mGy.cm (around 1.2 mSv) in a 
western population (15). In compari-
son, the NLST CT protocols used 
from 2002 to 2005 were quite hetero-
geneous and delivered 1.5 to 3.5 mSv 
in the US (3). Up to date CT tech-
nique used for follow-up of CT scan-
ning can be done at an effective dose 
lower than 1 mSv (16). 

A second drawback of using the 
term low-dose is that its meaning is 

cancer, for example, the life-time risk 
of a cancer that is induced by the CT 
screening exam has been calculated 
to amount up to 0.85% under unfa-
vorable conditions with an upper 
95% confidence interval of as much 
as 5.5% (5). These numbers have to 
be weighed against the incidence of 
screening detected cancers and – 
more importantly – the actual de-
crease of cancer-related mortality 
due to screening. 

This estimation of the risks related 
to CT screening and CT diagnosis is 
controversial because it is based on 
a linear no threshold dose-response 
relationship that is a matter of huge 
debate since years (8). However for 
the first time ever, one recent article 
based on epidemiological data dem-
onstrated a direct increase in inci-
dence of cancer after CT scanning (9). 
This research was conducted on chil-
dren and young adults undergoing 
CT examinations of the brain and 
showed that within a delay of 
10 year, a 3.18 fold brain cancer and 
leukemia risk could be observed af-
ter one CT examination obtained at a 
dose higher than 30 mGy. This risk 
(about 1/10000) has been considered 
as not far from the one estimated by 
the National Council on Radiation 
Protection (10, 11). Even if not negli-
gible, it is from far much lower than 
the benefit from CT scanning for di-
agnosis and for screening, provided 
that these examinations are indicat-
ed. These recent data reinforce the 
ALARA principle to be applied on 
any CT technique and in particular 
for screening, diagnosing and for 
follow-up of nodules in smokers. 

The response to the addressed 
question to define which dose should 
be deliver for screening, diagnosis 
and follow-up could thus be very 
simple: a “low-dose” should be ap-

Approximately 570.000 Americans 
will die from cancer in 2013, corre-
sponding to more than 1500 deaths 
per day (1). Lung carcinoma is the 
first cause of death in both genders, 
surpassing prostate and colorectal 
cancer in men, and breast and 
colorectal cancer in women. There is 
a strong relationship between tu-
mour size at time of diagnosis and 
the survival rate. The discussion of 
whether and how to screen for lung 
cancer is decades old and chest ra-
diographs associated to sputum 
failed to prove providing a reduction 
in lung cancer specific mortality (2). 
The introduction of spiral CT made it 
technically possible to obtain volu-
metric data with a lower radiation 
dose than normally used for diag-
nostic purposes. In the July issue of 
the 2011 NEJM, the results of the 
multicenter North-American Nation-
al Lung cancer Screening Trial 
(NLST) were published. This trial had 
been designed to have a more than 
90% power to find a 20% decrease of 
mortality rate (3, 4). Before being 
answered, the question proposed as 
title of this overview requires to 
address two aspects of the radiation 
dose, the risk of CT scanning and the 
way to express the dose used for 
imaging. 

Risks of CT scanning

Apart from the risks associated 
with the workup or treatment of 
false-positive or of indeterminate 
findings at CT screening, the risk 
from radiation-induced cancer has 
been discussed controversially in the 
literature. Brenner, in particular, has 
calculated risk estimates for various 
screening applications of CT, such as 
lung cancer, colon cancer and full-
body CT screening (5-7). For lung 
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tors. As the technology is constantly 
evolving, these parameters are sus-
ceptible to lower every year.
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CT console and the CT dose reports: 
the volume computed tomography 
dose index (CTDIvol), and the dose-
length product (DLP). These two de-
scriptors describe the tube output 
respectively in a slice and in the en-
tire scanned region. Fourth, use the 
effective diameter for description of 
the patient population. The Ameri-
can Association of Physicists in Med-
icine Task Group 204 report (24) de-
fines the effective diameter as the 
square root of the antero-posterior 
diameter times the transverse dia
meter. These diameters can be 
measured on the scout views and or 
on axial slices. Fifth, to introduce the 
size-specific dose estimate (SSDE), a 
new dose descriptor proposed by 
the AAPM 204 report, aiming to 
describe the absorbed dose while 
taking into account the patient’s indi-
vidual size as follows: SSDE = f(size) 
× CTDIvol. 

To warrant a comprehensive de-
scription of their results, authors 
submitting to scientific Journals are 
thus proposed to report the above 
mentioned four parameters: CTDI-
vol, DLP, effective diameter, and 
SSDE. CTDIvol and DLP will provide 
information about scanner radiation 
output. The effective diameter will 
provide information about the di-
mensional characteristics of the 
study population. SSDE will provide 
an approximation of the dose ab-
sorbed by the individual patient.

Which dose for screening, diagnosis 
and follow-up?

Now that the justification of mini-
mizing dose, and the parameters to 
describe the dose have been clari-
fied, it appears easier to answer the 
addressed question on which dose 
for screening, diagnosing ad follow-
up of pulmonary nodules. The actual 
2013 dose values proposed are listed 
in Table I (25). They reflect the pos-
sibilities of the latest CT generations, 
from 2010 or later and include all 
technical novelties such as iterative 
reconstructions, automatic tube po-
tential selection, and latest detec-

subject to considerable variation 
geographically and individually due 
to variable awareness and to vari-
able average body size around the 
world. The first screening on lung 
cancer was conducted on a Japa-
nese population (12) and delivered 
the same tube output as that con-
ducted by Henschke et al. in a US 
population with an average weight 
of 25 to 30% higher that the Japa-
nese one. Thus, both the image qual-
ity and the individual risk were not 
the same in these two publications. 
Inter-individual variations also re-
flect the technological possibilities of 
CT scanners in these years, that 
where not equipped with automatic 
exposure control (AEC) devices. 
Without AEC, there are considerable 
image quality differences between 
individuals who are small and or 
large. On the other hand, using the 
same tube output in individuals of 
various body sizes, the risk of each 
individual is also very different, be-
ing higher in small ones and lower in 
larger ones. 

Another drawback of using the 
term low-dose more extensively in 
the literature is that this term has lost 
its implicit significance. Thus, new 
terms appear such as “extremely 
low dose” and “ultralow dose” CT, 
and why not emerging newer terms 
such as “super-extra-nano-low- 
dose” (12)? 

Radiology Editors have thus elab-
orated a statement for describing the 
CT dose as follows. First, avoidance 
of the terms low-dose, and standard-
dose. Second, avoidance of the use 
of effective dose. The concept of ef-
fective dose is not suited for individ-
ual risk calculations and the conver-
sion factors elaborated by the 
International Commission on Radio-
logical Protection (ICRP) are periodi-
cally reassessed and have been 
changing three times since their in-
troduction (17-23). In particular for 
chest examinations, the weighting 
risk factor of the breast has been 
changes from 5% to 12% between 
1990 and 2007. Third, to use of the 
CT dose descriptors available on the 

Table I. — Dose values proposed in 2013.

CTDIvol in mGy DLP in mGy.cm Effective Diameter in cm SSDE in mGy
Screening 0.5 20 29 0.6
Diagnosis 2.6 90 29 3.2
Follow-up < 1 < 35 29 < 1,2

CTDIvol, DLP, effective diameters and SSDE proposed for screening, diagnosis and follow-up of pulmonary 
nodules.
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