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Radiation dose management in thoracic CT: an international survey 
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PURPOSE
We aimed to examine current practice patterns of interna-
tional thoracic radiologists regarding radiation dose manage-
ment in adult thoracic computed tomography (CT) exam-
inations.

MATERIALS AND METHODS
An electronic questionnaire was sent to 800 members of five 
thoracic radiology societies in North America, Europe, Asia, 
and Latin America addressing radiation dose training and ed-
ucation, standard kVp and mAs settings for thoracic CT, dose 
reduction practices, clinical scenarios, and demographics.

RESULTS
Of the 800 radiologists, 146 responded to our survey. Near-
ly half (66/146, 45% [95% confidence interval, 37%–53%]) 
had no formal training in dose reduction, with “self-study 
of the literature” being the most common form of training 
(54/146, 37% [29%–45%]). One hundred and seventeen 
(80% [74%–87%]) had automatic exposure control, and 76 
(65% [56%–74%]) used it in all patients. Notably, most re-
spondents (89% [84%–94%]) used a 120 to 125 kVp stan-
dard setting, whereas none used 140 kVp. The most common 
average dose-length-product (DLP) value was 150 to 249 
mGy.cm (75/146, 51% [43%–59%]), and 59% (51%–67%) 
delivered less than 250 mGy.cm in a 70 kg patient. There was 
a tendency towards higher DLP values with multidetector-row 
CT. Age, gender, and pregnancy were associated more with 
dose reduction than weight and clinical indication.

CONCLUSION
Efforts for reducing patient radiation dose are highly prev-
alent among thoracic radiologists. Areas for improvement 
include reduction of default tube current settings, reduction 
of anatomical scan coverage, greater use of automatic expo-
sure control, and eventually, reduction of current reference 
dose values. Our study emphasizes the need for international 
guidelines to foster greater conformity in dose reduction by 
thoracic radiologists.

T he overall increase in patient irradiation caused by the growing use 
of spiral- and multidetector-row computed tomography (MDCT) 
is of particular relevance for thoracic imaging. The number of 

clinical indications for thoracic computed tomography (CT) has steadi-
ly increased, and CT has become a first line imaging tool for diseases 
previously imaged with chest radiography, ventilation/perfusion scin-
tigraphy, and pulmonary angiography (1). Moreover, the use of CT for 
screening purposes has raised the number of examinations performed in 
clinically asymptomatic patients (2). Finally, the relatively higher num-
ber of CT examinations performed in younger patients increases cumu-
lative radiation in a population vulnerable to its potential long-term 
effects (3). Therefore, the main current challenge of thoracic MDCT is to 
achieve diagnostic performance at reduced levels of radiation exposure.

Although recent publications have addressed radiation-related top-
ics in CT imaging of specific thoracic diseases (4–10), the approach of 
thoracic radiologists to patient radiation and their specific strategies for 
dose reduction are not known. Knowledge of these practice patterns 
could potentially focus and guide ongoing efforts towards dose reduc-
tion (9, 11, 12). The aim of our study, therefore, was to analyze the 
current practice patterns of international thoracic radiologists regarding 
dose reduction in adult thoracic CT examinations.

Materials and methods
Survey methods

In June 2008, a survey was sent to all members of five major thorac-
ic radiology societies (the European Society of Thoracic Radiology, the 
Fleischner Society, the Japanese Society of Thoracic Radiology, the Ko-
rean Society of Thoracic Radiology, and the Society of Thoracic Radiol-
ogy) with approval from the society presidents. Each society member 
received an email containing an invitation to complete the web-based 
survey, as well as survey instructions. Only radiologist members were 
asked to complete the survey. A second request to complete the survey 
was sent in mid-July 2008.

An institutional review board exemption was granted for this study. 
All societal members contacted by email were informed of the purpose 
of our study before participation. All survey responses were completed 
online and electronically returned for collection and tabulation. Ano-
nymity of individual responses was preserved. 

To avoid duplications from individual respondents who are members 
of more than one society, the instructions specifically stated that the 
survey be completed only once. To prevent duplicate survey submis-
sions, typically caused when a user hits the “submit” button of a web-
based survey more than once, the responsible data collector monitored 
any instances of more than one survey coming from the same computer 
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address at nearly the same time. Any 
such occurrences were considered to 
be duplicates and only the final sub-
mission was retained.

Questionnaire
The questionnaire is shown in the 

Appendix. Part 1 was related to radi-
ation protection in thoracic CT and 
constituted the main part of the ques-
tionnaire. In this part, respondents 
were asked about their educational 
background in dose management. 
The questions also addressed general 
technical settings for CT, motives for 
dose reduction, and practical scenarios 
in which dose reduction could be ap-
plied. Part 2 addressed the professional 
background of the respondents, and 
the questions collected data on indi-
vidual demographics, clinical practice, 
society membership, and types of CT 
scanners used. Finally, Part 3 gave the 
respondents the option of providing 
additional comments related to the 
topic but not directly covered by the 
questionnaire. 

Statistical analysis
All statistical analyses were per-

formed using a commercially available 
software (Statistical Package for Social 
Sciences, version 16.0, SPSS Inc., Chica-
go, Illinois, USA). Normally distributed 
data were expressed as mean±standard 
deviation, and data that were skewed 
were expressed as medians with the 
upper and lower quartiles. Sample es-
timate prevalences were reported with 
95% confidence intervals (CI). Compar-
isons between groups were performed 
using a Pearson’s chi-square test. To fa-
cilitate comparisons, individual smaller 
subgroups were regrouped into larger 
groups, as indicated in the Results sec-
tion. For example, individual European 
countries were regrouped as “Europe”, 
and the United States and Canada were 
regrouped as “North America”. Type 1 
error was set at 0.05. 

Results
Of the estimated 800 radiologists 

who received the survey, 146 (18%) 
completed and returned the survey. 
Detailed results of our survey questions 
1 to 16 are described below.

Question 1: Education and training with 
respect to radiation protection and dose 
reduction 

Results from Question 1 are present-
ed in Fig. 1. Most survey respondents 
(68/146, 47% [95% CI, 38%–55%] 
combined the attendance of dedicat-
ed courses, learning from on-the-job 
training and self-study of the litera-
ture to stay up to date regarding radi-
ation reduction and dose protection. 
Self-study of the literature (n=54, 
37% [29%–45%]) was more common 
than combined attendance of dedi-
cated courses, learning from on-the-
job training, or none of the proposed 
choices (n=21, 14% [9%–20%]). 

Question 2: Implementation of automated 
exposure control

Most survey respondents (117/146, 
80% [74%–87%]) had automatic ex-
posure control (AEC) implemented in 
their CT units. 

Question 3: Use of automated exposure 
control

The proportion of survey respondents 
who had AEC switched on for all pa-
tients was 65% (56%–74%, n=76); the re-
maining proportion (35%) did not have 
it switched on (26%–44%, n=41).

Question 4: Use of protection devices for 
female breast

More survey respondents did not 
use protection devices for the female 
breast (n=112, 77% [70%–84%]) than 
those who did use such devices (n=34, 
23% [16%–30%]), either alone (n=8, 
5% [2–9%]) or in combination with 
AEC (n=26, 18% [12%–24%]).

Question 5: Routine standard kVp settings
More survey respondents used stan-

dard kVp settings of 120 to 125 kVp 
(130/146, 89% [84%–94%]) than those 
who used 100 to 110 kVp (n=14, 10% 
[5%–14%]), 80 to 90 kVp (n=2, 1% [0%–
3%]), or 130 to 140 kVp (n=0, 0%). 

Question 6: Patient characteristics leading 
to kVp and mAs changes 

Results from Question 6 are present-
ed in Fig. 2. Pregnancy was the most 
frequent patient characteristic (n=67, 
27% [21%–32%]) for modifying the 
standard kVp and mAs settings provid-
ed by the CT manufacturer. This char-
acteristic was closely followed by “pa-
tient younger than 45 years” (n=55, 
22% [17%–27%]) and “patients who 
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Figure 1. The graph shows the number and percentages of the answers given to survey Question 1. 
asking primary sources in order to stay up-to-date regarding radiation protection and dose reduction.



require multiple CT examinations” 
(n=38, 15% [11%–20%]). These three 
motives combined (n=160, 64% [58%–
70%]) were more frequent than all oth-
er motives (n=89, 36% [30%–42%]).

Question 7: Reasons for dose reduction
Results from Question 7 are present-

ed in Fig. 3. The most common motive 
for dose reduction (51/146, 35% [27%–
43%]) was “age and gender of the pa-
tient”, followed by “patient age” (n=45, 
31% [23%–38%]) and “body mass in-
dex” (n=23, 16% [10%–22%]). These 
three motives combined (n=119, 82% 
[75%–88%]) were more frequent than all 
other motives (n=27, 18% [12%–25%]).

Question 8: Adjustment of kVp with respect 
to patient weight 

More survey respondents adjusted 
the kVp settings according to the pa-
tient’s weight and/or the indication for 
CT (n=92, 63% [55%–71%]) than those 
who did not (n=54, 37% [29%–45%]).

Question 9: Average dose-length-product 
(DLP)

Results from Question 9 are pre-
sented in Fig. 4. The most commonly 
reported average DLP for a thoracic 
CT examination of a patient of 70 kg 
weight and 170 cm height was 150 
to 249 mGy.cm (75/146, 51% [43%–
59%]). The proportion of respondents 
who chose DLP settings lower than 
250 was not different in North Amer-
ica (44/82, 54% [43%–64%]) compared 
to Europe (25/36, 69% [54%–84%]). 

Question 10: Dose reduction with respect 
to manufacturer default settings 

Results from Question 10 are pre-
sented in Fig. 5. When asked about 
the patient category in which a 40% 
reduction in mAs could be reasonably 
achieved without adversely affecting 
image quality, the most frequent re-
sponses were “slim patients” (n=75, 
41% [33%–48%]), “normal body 
weight patients” (n=60, 31% [26%–
39%]), and “almost every patient” 
(n=44, 24% [18%–30%]). No difference 
was found between “slim patients” and 
“normal body weight patients”, or be-
tween “normal body weight patients” 
and “almost every patient”.

Question 11: Additional supine and expira-
tory CT sections

More survey respondents acquired 
additional expiratory and/or prone CT 
sections in less than 20% of their CT 
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Figure 2. The graph shows the number and percentages of the answers given to survey Question 6. 
Because multiple answers were possible, the figures are cumulative.

Figure 3. The graph shows the number and percentages of the answers given to survey Question 7.



examinations (122/146, 84% [78%–
90%]) than those acquiring additional 
expiratory and/or prone CT sections in 
more than 20% of their CT examina-
tions (n=24, 16% [10%–22%]).

Question 12: Years of radiology practice 
Fourty-six survey respondents (32% 

[24%–39%]) had practiced radiology 
for 11 to 20 years. No difference in 
number was found in the respondents 
practicing 10 years or less (n=47, 33% 
[25%–40%]), practicing between 11 
and 20 years (n=46, 32% [24%–39%]), 
and practicing more than 20 years 
(n=53, 36% [29%–44%]).

Question 13: Practice setting
Most survey respondents practiced in 

a primarily academic or teaching hospi-
tal setting (115/146, 79% [72%–85%]). 
These respondents were more numerous 
than those practicing primarily in pri-
vate practice (n=11, 8% [3%–12%]) or in 
a combination of academic and private 
practice setting (n=20, 14% [8%–9%]).

Question 14: Scanner type 
Most survey respondents (125/146, 

86% [80%–91%]) used a 16-, 32-, 64-

row or greater multidetector row heli-
cal CT. These respondents were more 
numerous than those using a 4- to 
8-row multidetector row helical CT 
(n=11, 8% [3%–12%]), single detector 
helical CT (n=5, 3% [0%–6%]), or du-
al-source CT (n=5, 3% [0%–6%]).

Question 15: Society affiliations 
Results from Question 15 are present-

ed in Fig. 6. Most survey respondents 
with memberships in only one thoracic 
imaging society were members of the 
Society of Thoracic Radiology (77/146, 
53% [45%–61%]), followed by mem-
bers of the European Society of Thoracic 
Imaging (n=26, 18% [12%–24%]), and 
members of the Japanese Society of Tho-
racic Radiology (n=17, 12% [6%–17%]). 
Survey response according to this crite-
rion likely reflects the size of the indi-
vidual societies and does not account 
for membership in multiple societies.

Question 16: Geographical location of 
practice

Most survey respondents practiced 
in North America (82/146, 56% [48%–
64%]). These respondents were more 
numerous than respondents from Eu-

rope (n=36, 25% [18%–32%]) or the 
combined respondents from South 
America (n=6, 4% [1%–7%]), Asia 
(n=19, 13% [8%–18%]), and the Mid-
dle East (n=28, 19% [13%–26%]). 

Eighteen respondents (12% [7%–
21%]) provided additional comments. 
The most common comments includ-
ed potential additional approaches for 
reducing dose and for specific patient 
subsets, such as pediatric patients or 
patients undergoing thin-section CT 
follow-up only, that were not explicit-
ly addressed by our survey.

Discussion
Our study analyzed the current prac-

tice patterns of international thoracic 
radiologists regarding dose reduction 
in adult thoracic CT examinations and 
has provided the following main find-
ings. First, our survey suggests that the 
previously common tube setting of 140 
kVp for thoracic CT has been widely 
abandoned. None of the respondents 
reported using this previously common 
setting. Instead, 89% of survey respon-
dents use a default tube setting of 120 
kVp. Their practice is in accordance 
with a recent recommendation to use 
tube settings of 120 kVp or lower in 
body CT (13). Indeed, 11% of survey 
respondents already use default tube 
settings below 120 kVp. Overall, the 
survey indicates a trend towards lower 
default kVp settings and, as a conse-
quence, towards lower patient irradia-
tion in thoracic CT.

Second, a majority of survey respon-
dents agreed that default tube current 
settings of CT scanner manufacturers 
could be reduced by 40% without ad-
versely affecting image quality. De-
fault tube settings are not necessarily 
consistent with the as-low-as-reason-
ably-achievable (ALARA) principle. 
Indeed, manufacturers’ protocols are 
often aimed to generate images with 
minimal noise levels and typically re-
sult in a DLP of 350 to 400 mGy.cm 
for a standard patient (13). A 40% dose 
reduction would result in a DLP aver-
aging less than 250 mGy.cm. 

Third, 59% of survey respondents 
apply a DLP of less than 250 mGy.cm 
for a standard patient of 70 kg weight 
and 170 cm height without compro-
mising the quality of the chest CT ex-
amination. Remarkably, 250 mGy.cm 
represents less than half of the current 
reference level for thoracic CT (14). Reg-
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Figure 4. The graph shows the number and percentages of the answers given to survey Question 9.



ulatory authorities could consider this 
survey result as a suggestion for readapt-
ing theoretical dose limits to lowered 
dose practices for standard chest CT. 

Fourth, 92% of respondents were 
equipped with MDCT units. Simul-

taneously, 92% of respondents con-
firmed applying DLPs of more than 
150 mGy.cm. The two responses can be 
explained by considering that volume 
scans performed using MDCT have 
become popular among chest radiolo-

gists. Such volumetric CT coverage can 
indeed substantially increase the DLP 
as compared to sequential (non-con-
tiguous) thin-section CT, whereas the 
restriction to sequential sections has 
the contrary effect (1). 

Fifth, at least 80% of survey respon-
dents have their CT scanner equipped 
with AEC, but only 65% use it. Al-
though we did not survey the motives 
for the non-use of AEC, it is possible 
that the numerous challenges related 
to the use of AEC might limit its accept-
ability among some thoracic radiolo-
gists (15). For example, in order to pro-
vide satisfactory results, AEC requires 
multiple inputs, such as the definition 
of desired image quality for different 
clinical indications and patient age, 
and the definition of upper and lower 
tolerance tube settings tailored to the 
patient’s body habitus (15–17). How-
ever, little directive information that 
could help radiologists in generating 
these multiple inputs currently exists. 

The answers to several key questions 
of our survey reflect a large variability 
in dose-related practice patterns and 
methods of training among our re-
spondents. Answers to Question 9, for 
example, showed a relatively balanced 
distribution of proposed DLP-values for 
the standard patient. Questions 6 and 
10 showed comparable amounts of pa-
tient characteristics that were judged 
to allow for individual dose reduction. 
Finally, answers to Question 1 empha-
sized the variability in radiologists’ ap-
proaches to education regarding radia-
tion protection. As this variability also 
associated with the low response rate 
to the survey, it is possible that dose 
radiation in chest CT is not considered 
as a priority for continuous education 
and clinical practice. Although the eti-
ology for this variability is uncertain, it 
could reflect the absence of generally 
accepted guidelines for radiation pro-
tection in thoracic radiology and the 
resulting need of thoracic radiologists 
to rely upon internally developed ap-
proaches to dose reduction. Previous 
publications have addressed the issue 
of radiation protection in thoracic ra-
diology (1). However, at the time our 
survey was performed, there was no 
detailed, practical manual to guide 
radiologists in dose reduction in prac-
tical clinical situations. Moreover, no 
internationally accepted curriculum 
currently standardizes education in ra-
diation dose reduction.
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Figure 5. The graph shows the number and percentages of the answers given to survey Question 
10. Because multiple answers were possible, the figures are cumulative.

Figure 6. The graph shows the number of the answers given to survey Question 15. Each circle and 
color represents a different society. Overlap of circles indicates membership in more than one society.



Overall, our findings have the fol-
lowing practical implications. Because 
of the potential to lower patient irra-
diation, the trend towards lower kVp 
settings in thoracic CT should be sus-
tained. The non-use of AEC by a sub-
stantial minority of thoracic radiol-
ogists calls for further promoting the 
dose reduction potential of this tech-
nique and developing practical guide-
lines to assist radiologists in imple-
menting this method. In the interest 
of dose reduction, radiologists might 
also consider sequential examination 
protocols whenever appropriate (e.g. 
thin section CT follow-up of a patient 
with known interstitial lung disease) 
and to reserve volumetric CT for indi-
cations in which this approach is diag-
nostically indispensable. A DLP of 250  
mGy.cm appears to be a reasonable 
target for the maximum radiation de-
livered by thoracic CT. As this falls well 
below the current reference value, the 
regulating agencies should, eventually, 
consider reducing their reference val-
ues for thoracic CT. Finally, to reduce 
variability in practice patterns and 
methods of training, internationally 
accepted curricula and practical guide-
lines for radiation protection in tho-
racic radiology should be developed. 

Our study has several limitations. 
First, the overall 18% response rate 
was relatively low, but falls within the 
range of published physician surveys 
(18, 19). The recent literature confirms 
that low survey response rates alone do 
not necessarily result in response bias 
and vice-versa (20). Our response rate, 
however, increases the likelihood that 
thoracic radiologists who are aware of 
radiation related issues and are already 
implementing dose reduction in their 
current practice could be over-repre-
sented in our sample. The potential lack 
of information about thoracic radiolo-
gists with less awareness of dose reduc-
tion should, therefore, not encourage 
an overly optimistic interpretation of 
our findings. Moreover, any interpre-
tation of our findings should recognize 
that a vast majority of our respondents 
worked in academic centers. Second, 
the small size of individual subgroups 
resulting from the relatively high num-
ber of individual questions preclud-
ed the use of multivariate statistical 
analysis. Overall interdependence of 
multiple factors, therefore, could not 
be assessed. To nevertheless allow for 
more robust statistical comparisons, 

we merged certain subcategories of 
surveyed parameter into new catego-
ries. For example, individual European 
countries were regrouped as “Europe”, 
and the United States and Canada 
were regrouped as “North America”. It 
is conceivable that this merging might 
have diluted differences between some 
of the originally surveyed parameters. 
Accordingly, training schemes in indi-
vidual parts of the world could not be 
evaluated in detail and will require fur-
ther investigation. Moreover, the small 
size of individual subgroups might also 
have impacted the statistical power 
of our analyses. Therefore, the lack of 
statistical significance for some of our 
comparisons does not necessarily im-
ply that such differences do not exist. 
Third, although our survey was inter-
nationally targeted, our questionnaire 
was only in English, which might have 
precluded responses from internation-
al radiologists who may not have been 
comfortable enough with this lan-
guage to complete the survey. Fourth, 
although all included societies update 
their membership lists regularly, it is 
possible that some of the email ad-
dresses might have been outdated and 
that, as a consequence, prospective 
recipients did not receive the survey. 
Fifth, the clinical scenarios described 
in the questionnaire were basic and 
did not account for the many nuanc-
es encountered in daily practice. For 
example, the questionnaire did not 
explore the differences in radiation 
dose related to the use of specific pro-
tocols and settings (unenhanced vs. 
contrast-enhanced scans, protocols 
adapted to specific clinical indications, 
pitch value, etc.). The CT dose index, 
which is an increasingly used index 
of radiation exposure but initially not 
available on individual CT protocols, 
was not evaluated. The approach of 
thoracic radiologists to the new itera-
tive reconstruction techniques that al-
low up to 50% of dose reduction was 
also not investigated (21, 22). Poten-
tial conclusions from these scenarios, 
therefore, cannot indicate more than a 
general trend. Sixth, this observation-
al study was performed in 2008. New 
scanner generations have been intro-
duced since 2008 by all vendors. With 
modern equipment, the new reference 
for DLP in chest CT could be much 
lower than 150 mGy.cm (23).

In conclusion, our study documents 
the widely prevalent efforts of interna-

tional thoracic radiologists for reducing 
patient radiation dose in thoracic CT. 
Simultaneously, our study highlights 
potential areas for further improve-
ment, notably as to the reduction of 
default tube current settings, the reduc-
tion of anatomical scan coverage, the 
greater use of AEC, and eventually, the 
reduction of current reference dose val-
ues. Together with the wide variability 
in practice patterns highlighted by our 
results, our study emphasizes the need 
for international guidelines to foster 
greater conformity in dose reduction 
by thoracic radiologists. 

Conflict of interest disclosure
The authors declared no conflicts of interest. 

References

1. Mayo JR, Aldrich J, Muller NL; Fleischner 
Society. Radiation exposure at chest CT: 
a statement of the Fleischner Society. Ra-
diology 2003; 228:15–21. 

2. Brenner DJ. Radiation risks potentially 
associated with low-dose CT screening of 
adult smokers for lung cancer. Radiology 
2004; 231:440–445.

3. Brenner DJ, Hall EJ. Computed tomography—
an increasing source of radiation exposure. N 
Engl J Med 2007; 357:2277–2284.

4. Remy-Jardin M, Pistolesi M, Goodman LR, et 
al. Management of suspected acute pulmo-
nary embolism in the era of CT angiography: 
a statement from the Fleischner Society. Ra-
diology 2007; 245:315–329. 

5. Bankier AA, Schaefer-Prokop C, De Mae-
rtelaer V, et al. Air trapping: comparison 
of standard-dose and simulated low-dose 
thin-section CT techniques. Radiology 
2007; 242:898–906.

6. Heyer CM, Mohr PS, Lemburg SP, Peters 
SA, Nicolas V. Image quality and radi-
ation exposure at pulmonary CT angi-
ography with 100- or 120-kVp protocol: 
prospective randomized study. Radiology 
2007; 245:577–583. 

7. Itoh S, Koyama S, Ikeda M, et al. Further 
reduction of radiation dose in helical CT 
for lung cancer screening using small tube 
current and a newly designed filter. J Tho-
rac Imaging 2001; 16:81–88. 

8. Madani A, De Maertelaer V, Zanen J, 
Gevenois PA. Pulmonary emphysema: radi-
ation dose and section thickness at multide-
tector CT quantification--comparison with 
macroscopic and microscopic morphometry. 
Radiology 2007; 243:250–257. 

9. Ravenel JG, Scalzetti EM, Huda W, Garrisi 
W. Radiation exposure and image qual-
ity in chest CT examinations. AJR Am J 
Roentgenol 2001; 177:279–284.

206 • May–June 2013 • Diagnostic and Interventional Radiology Molinari et al.

http://dx.doi.org/10.1148/radiol.2281020874
http://dx.doi.org/10.1148/radiol.2312030880
http://dx.doi.org/10.1056/NEJMra072149
http://dx.doi.org/10.1148/radiol.2452070397
http://dx.doi.org/10.1148/radiol.2423060196
http://dx.doi.org/10.1148/radiol.2452061919
http://dx.doi.org/10.1097/00005382-200104000-00003
http://dx.doi.org/10.1148/radiol.2431060194


Volume 19 • Issue 3  Radiation dose management in thoracic CT • 207

10. Szucs-Farkas Z, Kurmann L, Strautz T, Patak 
MA, Vock P, Schindera ST. Patient exposure 
and image quality of low-dose pulmonary 
computed tomography angiography: com-
parison of 100- and 80-kVp protocols. Invest 
Radiol 2008; 43:871–876. 

11. Kalra MK, Maher MM, Toth TL, et al. Strate-
gies for CT radiation dose optimization. Ra-
diology 2004; 230:619–628. 

12. Mayo JR, Kim K-I, MacDonald SLS, et 
al. Reduced radiation dose helical chest 
CT: effect on reader evaluation of struc-
tures and lung findings. Radiology 2004; 
232:749–756. 

13. Tack D, Gevenois PA. Body MDCT at 140 
kV. AJR Am J Roentgenol 2009; 192:139–
140. 

14. Menzel H, Schibilla H, Teunen D. Europe-
an guidelines on quality criteria for com-
puted tomography. Luxembourg: Europe-
an Commission 2000; 16262.

15. Kalra MK, Toth TL. Automatic exposure 
control in multidetector-row computed 
tomography. In: Tack D, Gevenois PA, 
eds. Radiation dose from adult and pe-
diatric multidetector computed tomog-
raphy. Berlin, Heidelberg, New York: 
Springer, 2007; 117–128. 

16. Kalra MK, Maher MM, Toth TL, et al. 
Techniques and applications of automatic 
tube current modulation for CT. Radiolo-
gy 2004; 233:649–657.

17. Kalra MK, Naz N, Rizzo SMR, Blake MA. 
Computed tomography radiation dose 
optimization: scanning protocols and 
clinical applications of automatic ex-
posure control. Curr Probl Diagn Radiol 
2005; 34:171–181. 

18. Kellerman SE, Herold J. Physician response 
to surveys. A review of the literature. Am J 
Prev Med 2001; 20:61–67. 

19. Templeton L, Deehan A, Taylor C, Drum-
mond C, Strang J. Surveying general prac-
titioners: does a low response rate matter? 
Br J Gen Pract 1997; 47:91–94.

20. Cull WL, O’Connor KG, Sharp S, Tang SF. 
Response rates and response bias for 50 
surveys of pediatricians. Health Serv Res 
2005; 40:213–226. 

21. Leipsic J, Nguyen G, Brown J, Sin D, Mayo 
JR. A prospective evaluation of dose re-
duction and image quality in chest CT 
using adaptive statistical iterative recon-
struction. AJR Am J Roentgenol 2010; 
195:1095–1099. 

22. Moscariello A, Takx RAP, Schoepf UJ, 
et al. Coronary CT angiography: image 
quality, diagnostic accuracy, and poten-
tial for radiation dose reduction using 
a novel iterative image reconstruction 
technique-comparison with traditional 
filtered back projection. Eur Radiol 2011; 
21:2130–2138. 

23. Bendaoud S, Remy-Jardin M, Wallaert B, 
et al. Sequential versus volumetric com-
puted tomography in the follow-up of 
chronic bronchopulmonary diseases: 
comparison of diagnostic information 
and radiation dose in 63 adults. J Thorac 
Imaging 2011; 26:190–195.

http://dx.doi.org/10.1097/RLI.0b013e3181875e86
http://dx.doi.org/10.1148/radiol.2303021726
http://dx.doi.org/10.1148/radiol.2323030899
http://dx.doi.org/10.2214/AJR.08.1607
http://dx.doi.org/10.1007/978-3-540-68575-3_7
http://dx.doi.org/10.1148/radiol.2333031150
http://dx.doi.org/10.1067/j.cpradiol.2005.06.002
http://dx.doi.org/10.1016/S0749-3797%2800%2900258-0
http://dx.doi.org/10.1111/j.1475-6773.2005.00350.x
http://dx.doi.org/10.2214/AJR.09.4050
http://dx.doi.org/10.1007/s00330-011-2164-9
http://dx.doi.org/10.1097/RTI.0b013e3181f3a30e


Appendix

208 • May–June 2013 • Diagnostic and Interventional Radiology Molinari et al.



Volume 19 • Issue 3  Radiation dose management in thoracic CT • 209




