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lung cancer screening using low-dose helical 
MDCT reduces lung cancer–specific mor-
tality relative to screening with chest radio-
graphs in a high-risk cohort [7]. A total of 
53,457 volunteer subjects were enrolled in 
the National Lung Screening Trial; entrance 
criteria included 30 or more pack-years of 
cigarette smoking (packs per day multiplied 
by the number of years smoked) and being 
between 55 and 74 years old at the date of en-
try to the study. (Former smokers must have 
quit within the previous 15 years.) Each par-
ticipant was randomly assigned to either the 
CT or chest radiograph arm of the study and 
agreed to have a baseline imaging examina-
tion and two more annual follow-up exami-
nations. Thus, about 26,000 subjects under-
went as many as three lung cancer screening 
CT examinations as part of this study (total 
of about 75,000 CT examinations).

Normalized CT Dose Index of the 
CT Scanners Used in the National 
Lung Screening Trial

Dianna D. Cody1 
Hyun-Jung Kim2 
Christopher H. Cagnon3 
Frederick J. Larke4 
Michael M. McNitt-Gray2 

Randell L. Kruger5 
Michael J. Flynn6 
J. Anthony Seibert7 

Philip F. Judy8 

Xizeng Wu9

Cody DD, Kim HJ, Cagnon CH, et al.

1Department of Imaging Physics, University of Texas M. 
D. Anderson Cancer Center, 1515 Holcombe Blvd., Unit 
56, Houston, TX 77030. Address correspondence to D. D. 
Cody (dcody@mdanderson.org).
2Thoracic Imaging Research Group, David Geffen School 
of Medicine at UCLA, Los Angeles, CA.
3Radiological Sciences, UCLA Medical Center, Los 
Angeles, CA.
4Radiology Department, University of Colorado Health 
Sciences Center, Anschutz Medical Campus, Aurora, CO.
5Department of Radiology, Marshfield Clinic, Marshfield, 
WI.
6Department of Radiology, Henry Ford Health System, 
Detroit, MI.
7Department of Radiology, UC Davis Medical Center, 
Sacramento, CA.
8Department of Radiology, Brigham & Women’s Hospital, 
Boston, MA.
9Radiology Department, University of Alabama at 
Birmingham, Birmingham, AL.

Medica l  Phys ics and Informat ics •  Or ig ina l  Research

AJR 2010; 194:1539–1546

0361–803X/10/1946–1539

© American Roentgen Ray Society

T is currently experiencing a dra-
matic increase in popularity and 
utilization [1], including the use 
of CT to screen for early stages 

of disease, such as lung cancer, heart disease, 
and colon cancer. Several studies have been 
initiated to investigate the efficacy of CT in 
the early detection of lung cancer. One such 
large study is the National Lung Screening 
Trial, which is sponsored by the National 
Cancer Institute. The National Lung Screen-
ing Trial is a randomized controlled study 
comparing two ways of detecting asymp-
tomatic lung cancer (projection chest radi-
ography and MDCT scanning) conducted by 
two organizations—the American College 
of Radiology Imaging Network and the Lung 
Screening Study.

The main objective of the National Lung 
Screening Trial is to determine whether 
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OBJECTIVE. The National Lung Screening Trial includes 33 participating institutions 
that performed 75,133 lung cancer screening CT examinations for 26,724 subjects during 
2002–2007. For trial quality assurance reasons, CT radiation dose measurement data were 
collected from all MDCT scanners used in the trial. 

MATERIALS AND METHODS. A total of 247 measurements on 96 MDCT scanners 
were collected using a standard CT dose index (CTDI) measurement protocol. The scan pa-
rameters used in the measurements (tube voltage, milliampere-seconds [mAs], and detector–
channel configuration) were set according to trial protocol for average size subjects. The nor-
malized weighted CT dose index (CTDIw) (computed as CTDIw/mAs) obtained from each 
trial-participating scanner was tabulated.

RESULTS. We found a statistically significant difference in normalized CT dose index 
among CT scanner manufacturers, likely as a result of design differences, such as filtration, 
bow-tie design, and geometry. Our findings also indicated a statistically significant difference 
in normalized CT dose index among CT scanner models from the same manufacturer (e.g., 
GE Healthcare, Siemens Healthcare, and Philips Healthcare). We also found a statistically 
significant difference in normalized CT dose index among all models and all manufactur-
ers; furthermore, we found a statistically significant difference in normalized CT dose index 
among CT scanners from all manufacturers when we compared scanners with four or eight 
data channels to those with 16, 32, or 64 channels, suggesting that more complex scanners 
have improved dose efficiency. 

CONCLUSION. Average normalized CT dose index values varied by a factor of almost 
two for all scanners from all manufacturers. This study was focused on machine-specific nor-
malized CT dose index; patient dose and image quality were not addressed.
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The lung cancer screening CT examina-
tions were offered nationwide at 33 separate 
institutions (Fig. 1 and Table 1). Because of 
the large number of subjects enrolled in this 
trial, increased surveillance of the equip-
ment was desired. Therefore, as part of the 
trial quality assurance procedures, CT dose 
index measurements were performed on the 
MDCT scanners used for this imaging trial 
on a routine basis throughout the trial.

The National Lung Screening Trial was 
designed so that all resulting data obtained 
by the two collaborative groups could be 
combined for analysis. Although there are 
some sources of CT dose index data for CT 
scanners available (both online and in scan-
ner technical manuals), these reports tend to 
be widely scattered and often are difficult 
to obtain. In addition, the reports either are 
specific to one scanner (such as the manufac-
turer’s specifications or dosimetry report) or 
contain general data about several scanners. 
What these reports do not easily provide are 
all of the expected values for all of the scan-
ners used in this trial and under the specific 
scanning conditions (specifically peak kilo-
voltage, x-ray beam width, and bow-tie filter) 
used in the National Lung Screening Trial. 
Therefore, the trial quality assurance activ-
ities provided an opportunity to record and 
compare CT dose index performance for a 
relatively large sample of scanners (over 100 
distinct units) representing a range of man-
ufacturers and models, where all measure-
ments were made using specific parame-
ter settings. In addition, collection of these 
data provided an opportunity to address in 
a statistical manner some questions about 
scanner CT dose index variability by man-
ufacturer, by CT scanner model, and by CT 
scanner complexity (number of data chan-
nels). Therefore, the purpose of this report 
is two-fold—first, to provide the normal-
ized MDCT dose index measurement results 
to the medical technical field, and second, 
to provide MDCT dose index measurement 
data required for calculations of participant 
radiation dose that will be used later to esti-
mate risk of participants for this and perhaps 
future CT-based screening trials.

Materials and Methods
Image quality assurance programs were imple-

mented over time across the National Lung Screen-
ing Trial sites and were very similar between Amer-
ican College of Radiology Imaging Network and 
Lung Screening Study sites. For American College 
of Radiology Imaging Network sites, initial CT 

LSS site
ACRIN site

Fig. 1—Geographic distribution of 33 sites of National Lung Screening Trial. ACRIN = American College of 
Radiology Imaging Network, LSS = Lung Screening Study.

scanner certification that included a CT dose index 
measurement for tomographic image acquisition 
was required for all scanners that would be used to 
acquire images for National Lung Screening Trial 
participants. This CT scanner certification process 
was repeated for each active scanner used in the 
trial on an annual basis thereafter until participant 
screening examinations were completed. A simi-
lar certification process was implemented at Lung 
Screening Study sites. Compliance with the annual 
certification process was variable across sites, but 
was reinforced with a reminder notification pro-
cess sent under cover of the National Lung Screen-
ing Trial Physics Working Group. Ultimately, dose 
measurements were available for at least one time 
point on all National Lung Screening Trial scan-
ners trialwide.

Exposure measurements and dose calculations 
were conducted at each trial site by a diagnostic 
medical physicist. This effort required the cooper-
ation of a large number of medical physicists and 
adherence to the instructions provided by the ad-
ministrating organization (American College of 
Radiology Imaging Network or Lung Screening 
Study). This collection of dose data is the result of 
the cooperation of many professional medical phys-
icists from across the nation (Fig. 1 and Table 1).

Radiation exposure measurements and dose cal-
culations for CT followed the standard CT dose in-
dex process [3, 4]. Instructions were provided to 
each site to facilitate the measurement procedure. 
Briefly, the 32-cm-diameter polymethyl methacry-
late CT dose index phantom was placed on the CT 
scanner patient table top and centered in the gan-
try. A 100-mm-long CT pencil ionization chamber 
was placed in the central hole, and a single trans-

verse (axial) exposure was performed at the center 
of that phantom using the National Lung Screen-
ing Trial protocol parameter settings (for an aver-
age size patient). The measurement was performed 
three times, and each resulting exposure value was 
recorded on a specific form. The ion chamber was 
then repositioned in the top (12-o’clock position) 
chamber position, and the exposure and recording 
procedure was repeated three times. Using the av-
erage exposure values (CTDI100c = CT dose index 
obtained using a 100-mm-long pencil ion chamber 
positioned at the center of a CTDI phantom), CT-
DI100p = (CT dose index obtained using a 100-mm-
long pencil ion chamber positioned at the peripheral 
location of a CTDI phantom), CTDIw, and volume 
CTDI (CTDIvol) values were calculated [3]. In ad-
dition to the exposure measurements, the physicist 
at each site collected specific information regard-
ing the MDCT scanner (e.g., scanner manufacturer, 
scanner model, test date, and the actual technique 
factors used for the dose measurement).

Sites were instructed to perform the dose mea-
surement using the same technique that would be 
used for an average size National Lung Screening 
Trial participant. The techniques for the Ameri-
can College of Radiology Imaging Network sites 
were developed for each scanner model and can 
be found elsewhere [2]. The technique parame-
ters used for the Lung Screening Study sites were 
based on a range of values agreed on by both 
groups (National Lung Screening Trial Medical 
Physics Working Group Meeting, June 2003). For 
example, the peak kilovoltage could range from 
120 to 140 kVp, but 120 kVp was preferred; the 
tube current and rotation time product (mAs) 
should be in the range of 40 to 80; pitch (table 
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travel perrotation as measured by beam width) 
should be in the range of 1.25 to 2.0; and the ef-
fective mAs (mAs divided by pitch) should be be-
tween 20 and 60. The end result was that all Na-
tional Lung Screening Trial sites used technique 
parameters within these specifications. It should 
be noted that only a small number of scanners 
used in the trial were operated at a peak kilovolt-
age other than 120 kVp (n = 10). Some were oper-
ated at 140 kVp, as already mentioned, two were 
operated at 135 kVp, and one was operated at 110 
kVp. Because of these small numbers, these scan-
ners were excluded from this analysis.

If the milliampere-second (mAs) used for the 
dose measurement was outside the acceptable 
range established for the subjects scanned during 
the trial, the dose results provided were scaled lin-
early until they reflected the average-patient-size 
dose using an acceptable mAs value. (If repeat dose 
measurements were required, CT physics reviewers 
contacted the National Lung Screening Trial site 
physicist directly to discuss the relevant issues.)

Before data analysis, all individual dose mea-
surements and calculations were reviewed by the 
entire National Lung Screening Trial Medical 
Physics Working Group to identify spurious data 

points. Outlier data points were excluded from fur-
ther analysis on a case-by-case basis, according to 
consensus of the entire group. Exclusions were lim-
ited to unreasonable results or acquisition parame-
ter combinations that were impossible for the scan-
ner platform and typically involved the reporting of 
detector configuration. In total, 16 of 237 individual 
dose measurements were excluded from analysis, 
such that 93% of collected data were statistically 
analyzed. All dose values for an individual scanner, 
which ranged from one to five individual values de-
pending on submitted reports, were averaged be-
fore analysis of the data. The primary end point of 

TABLE 1: CT Lung Screening Sites and Locations

Site No. Site Name Site Location

1 Beth Israel Deaconess Medical Center Boston, MA

2 Brigham and Women’s Hospital Boston, MA

3 Brown University Providence, RI

4 Cancer Institute of New Jersey New Brunswick, NJ

5 Dartmouth-Hitchcock Medical Center Lebanon, NH

6 The Emory Clinic Atlanta, GA

7 Georgetown University Medical Center, Lombardi Cancer Research Center Washington, DC

8 Henry Ford Health System Detroit, MI

9 Jewish Heart and Lung Institute Louisville, KY

10 Johns Hopkins University Baltimore, MD

11 Marshfield Clinic Research Foundation Marshfield, WI

12 Mayo Clinic Jacksonville Jacksonville, FL

13 Mayo Clinic Rochester Rochester, MN

14 Moffitt Cancer Center at the University of South Florida Tampa, FL

15 Medical University of South Carolina Charleston, SC

16 Northwestern University Medical Center Chicago, IL

17 Ochsner Clinic Foundation New Orleans, LA

18 St. Elizabeth’s Health Center Youngstown,OH

19 Pacific Health Research Institute Honolulu, HI

20 University of Alabama at Birmingham Birmingham, AL

21 University of California Los Angeles Los Angeles, CA

22 University of California San Diego San Diego, CA

23 University of Colorado Denver Aurora, CO

24 University of Iowa Iowa City, IA

25 University of Minnesota School of Public Health/Virginia Piper Cancer Institute Minneapolis, MN

26 University of Pennsylvania Philadelphia, PA

27 University of Pittsburgh Medical Center Pittsburgh, PA

28 University of Michigan Medical Center Ann Arbor, MI

29 University of Texas M. D. Anderson Cancer Center Houston, TX

30 University of Utah Health Science Center Salt Lake City, UT

31 Vanderbilt University Nashville, TN

32 Wake Forest University School of Medicine Winston-Salem, NC

33 Washington University School of Medicine St. Louis, MO
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the measurement and analysis presented here is the 
machine-specific parameter of normalized CT-
DIw, or CTDIw on a per mAs basis, for each 
MDCT model used in the trial. By definition, 
normalized CTDIw excludes mAs and pitch and, 
therefore, reflects the characteristics of a particu-
lar scanner model independently of user tech-
nique preferences.

Four questions were addressed by statistical 
analysis of the CT dose measurement data. Were 
there statistically significant differences in nor-
malized dose index by manufacturer? Were there 
statistically significant differences in normalized 
dose index by CT scanner model from a single 

manufacturer? Were there statistically significant 
differences in normalized dose index among all 
models and all manufacturers? Were there sta-
tistically significant differences in normalized 
dose index by increasing level of technology, as 
described by the number of data channels on the 
scanners? (To answer the final question, scanners 
were divided into two groups—early designs and 
more advanced designs. The early design group 
included scanners with four or eight data chan-
nels, and the more advanced design group includ-
ed scanners with 16 or more data channels.) 

Because of the extreme outliers, even after log-
transforming the CTDIw/mAs values, Huber’s robust 

regressions were applied for all four questions [5]. A 
hierarchic modeling approach (STATA version 9.0 
SE, StataCorp) was used to address the first three 
questions [6]. The hierarchic structure of a manu-
facturer and scanner models within a manufactur-
er was embedded in the statistical hierarchic mod-
eling approach in that the covariates for CT models 
were nested in the covariates for the corresponding 
CT manufacturers. The covariates for CT manufac-
turer were used to address the first question, and the 
covariates for CT models nested in CT manufacturer 
were used to address the second question in a single 
analysis. To test the differences in the dose among all 
models and all manufacturers, multiple comparisons 
with Bonferroni adjusted p values were performed 
where the previous hierarchic modeling yielded a 
statistically significant difference. For the last ques-
tion, to test the difference in the dose by the number 
of data channels on the scanner, the robust regression 
was used. More details regarding the statistical mod-
eling can be found in Appendix 1.

Results
A total of 221 CT dose measurements ob-

tained on 96 MDCT scanners were includ-
ed for analysis. The CT scanner technology 
present at the trial initiation was limited to 
scanners with four data channels, but by the 
end of the study, a wide variety of scanner 
models and technology had been included 
(Fig. 2 and Tables 2 and 3). Note that these 
results were compiled before any measure-
ment exclusion to more completely describe 
the scanners used during the National Lung 
Screening Trial image collection phase.

The mean CTDIw/mAs value obtained at 
120 kVp was 0.096 mGy/mAs. Overall results 
by scanner manufacturer and model are shown 
in Table 4. The four questions addressed by the 
analysis are discussed in this section.

Were there statistically significant  
differences in normalized dose index  
by manufacturer?

A statistically significant difference was 
found among manufacturers for normalized 
CTDIw. The normalized CTDIw was signifi-
cantly different for GE Healthcare versus 
Philips Healthcare (p < 0.001). The normalized 
CTDIw was not significantly different for GE 
Healthcare versus Siemens Healthcare (p = 
0.131). The normalized CTDIw was significant-
ly different for GE Healthcare versus Toshiba 
(p < 0.001). The normalized CTDIw was sig-
nificantly different for Philips Healthcare ver-
sus Siemens Healthcare (p < 0.0022). The nor-
malized CTDIw was significantly different for 
Philips Healthcare versus Toshiba (p < 0.0001). 
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Fig. 2—Bar graph showing number of scanners in trial by number of data channels during course of National 
Lung Screening Trial. Note that 32-channel Siemens Healthcare Sensation 64 scanners were included in 
64-channel scanner group for simplicity.

TABLE 2:  Fleet of CT Scanners Initially Certified for National Lung Screening 
Trial, as of December 31, 2002

Manufacturer, 
Model

Maximum No. of 
Images per Rotation

Beam Width 
(mm)

Table Speed Used for 
Trial (mm/rotation)

No. of 
Scanners

GE Healthcare

QX/i 4 10 15 6

LightSpeed Plus 4 10 15 3

LightSpeed Ultra 8 10 13.5 5

LightSpeed 16 16 20 27.5 1

Philips Healthcare

MX8000 4 4 or 10 8 or 15 2

MX8000-IDT 16 12 18 3

Siemens Healthcare

Sensation 4 4 4 or 10 8 or 15 2

Note—Only the American College of Radiology Imaging Network component of CT scanners was included in 
the table because dose measurement data were not available for Lung Screening Study component until 
2004. For a few CT scanner models, a choice of detector configuration (4 × 1 mm or 4 × 2.5 mm) and table 
speed (8 or 15 mm/rotation) was provided for the trial sites.
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The normalized CTDIw was significantly dif-
ferent for Siemens Healthcare versus Toshiba 
(p < 0.0001). The normalized CTDIw mean 
values and SDs are plotted in Figure 3.

Were there statistically significant  
differences in normalized dose index  
by Ct scanner models Within a single 
manufacturer?

There were statistically significant differ-
ences in CTDIw/mAs among different scan-

ner models manufactured by GE Healthcare. 
The LightSpeed QX/i and LightSpeed 16 
were different from the other three models 
(p = 0.011). The LightSpeed Ultra was differ-
ent from LightSpeed 16 or LightSpeed Plus 
(p = 0.022). There were statistically signifi-
cant differences in CTDIw/mAs by Siemens 
Healthcare models. The Sensation/Volume 
Zoom 4 was different from Sensation 16 and 
64 models (p = 0.002 and p = 0.023, respec-
tively). There was a statistically significant 

difference in CTDIw/mAs between Philips 
Healthcare models. The MX8000 (four chan-
nels) was different from the MX8000-IDT 
(16 channels) (p = 0.001). No significant dif-
ference was observed among Toshiba models, 
probably because of the small number of ob-
servations available (Table 3).

Were there statistically significant  
differences in normalized dose index  
among all models and all manufacturers?

There were statistically significant differ-
ences in CTDIw/mAs among models: Sen-
sation 16 was different from LightSpeed 
QX/i (p = 0.0318) and MX8000-IDT (p < 
0.0001). LightSpeed Ultra was different 
from MX8000-IDT (p = 0.0020). These re-
sults are shown in Figure 4.

Were there statistically significant  
differences in normalized dose index by 
increasing level of technology, as described 
by the number of data Channels on  
the scanners?

Robust regression analysis showed that 
CTDIw/mAs values measured on scanners 
with four or eight channels was significantly 
different than CTDIw/mAs values from 16-, 
32-, or 64-channel scanners, even after con-
trolling for manufacturer (p < 0.001). These 
results are shown in Figure 5.

Discussion
Examination of these figures reveals vary-

ing levels of consistency for normalized dose 
(CTDIw/mAs) reported by sites with the 
same model of CT scanner. This value would 
be expected to be very consistent. Two inde-
pendent factors could influence the disparate 
values. First, some scanners could be behav-
ing differently from others of the same mod-
el. Second, there could have been some error 
or inconsistency in the measurement process 
or reporting procedures. Thus, the variation 
among scanners of the same model could be 
real, could be due to measurement variabili-
ty, or (more likely) could be due to a combi-
nation of these two factors. (The large SDs 
observed for Philips Healthcare and Toshiba 
scanner models may be due to a combination 
of a small number of scanners and the rela-
tive unfamiliarity of physicists testing those 
scanners and cannot be interpreted with 
great confidence.)

The values reported in this article are rea-
sonably consistent with those available from 
the ImPACT CT Patient Dosimetry Calcula-
tor (ImPACT Group; www.impactscan.org), 
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TABLE 3: Fleet of CT Scanners Near Termination Date of Lung Screening 
Phase of the National Lung Screening Trial, as of December 31, 2006 

Manufacturer, Model
No. of Data 
Channels

Beam Width Used 
(mm)

No. of Scanners in National 
Lung Screening Trial

GE Healthcare

QX/i 4 10 11

LightSpeed Plus 4 10 9

LightSpeed Ultra 8 10 7

LightSpeed 16 16 20 23

VCT 64 40 1

Philips Healthcare

MX8000 4 4 or 10 6

MX8000-IDT 16 12 2

Brilliance 64 64 40 1

Siemens Healthcare

Sensation 4 Volume Zoom 4 4 or 10 14

Sensation 16 16 12 13

Sensation 64 32 19.2 2

Toshiba

Aquilion 4 4 8 4

Aquilion 16 16 32 3

Note—Table includes scanners in both American College of Radiology Imaging Network and Lung Screening 
Study components of the screening study, but does not include scanners used at voltages other than 120 kVp 
exclusively for the National Lung Screening Trial.
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which reports CT dose index values for many 
different CT scanners. The mean values re-
ported in Table 4 agree with the values re-
ported by the ImPACT Group to within 10% 
for seven of the 13 models listed, with four 
additional scanners having differences be-
tween 10% and 15% and only one scanner 
(MX8000-IDT, Philips Healthcare) report-
ing larger differences; this last scanner also 
had one of the larger SDs in our study. In ad-
dition, data from one of the more recently 
introduced scanners, the Philips Healthcare 
Brilliance 64 (of which there was only one in 
the National Lung Screening Trial), were not 
available from ImPACT. The data presented 
here represent measured values from a num-
ber of different sites and from several differ-
ent scanners of the same make and model 

and, thus, may represent the range of mea-
surement variation due to both measurement 
variation and scanner variation.

From the data shown in Figures 4 and 5, we 
can readily appreciate that the evolving tech-
nology with more data channels did not result 
in noticeably higher doses per mAs. In fact, 
it appears that the more advanced technolo-
gy was associated with a consistently lower 
normalized dose measurement, which is in-
dicative of greater dose efficiency. This result 
could be due to fewer overlap regions between 
successive dose profiles that results from the 
wider total x-ray beam collimations available 
in some newer scanner models, as well as to 
improvements in the scanner software.

It is important to appreciate the incorpora-
tion of more advanced technology as the Na-

tional Lung Screening Trial progressed (Fig. 
2 and Tables 2 and 3). From trial initiation 
through completion, the increased speed of the 
scanners required shorter and shorter breath-
holds. The increased complexity of the scan-
ner acquisition parameters required additional 
physics oversight as the trial progressed.

Normalized dose varied among all scanners 
by a factor of almost two (minimum, 0.070 
mGy/mAs; maximum, 0.127 mGy/mAs). Please 
note, however, that the minimum value of 0.07 
mGy/mAs was recorded from a single measure-
ment session on a single scanner.

CTDIvol (which is defined as CTDIw divided 
by pitch, to account for a pitch greater or less 
than unity) was not analyzed for this manu-
script. The authors elected to examine CTDIw 
instead of CTDIvol to present data describing 
machine-specific dose, independent of pitch, 
which is a user-selected parameter. (For future 
estimations of population dose, the effect of 
pitch will have to be explicitly included.)

It should be noted that, at the time of this 
study, there was no DICOM standard widely 
available for several key values to determine 
radiation dose performance, such as pitch, to-
tal beam collimation, rotation time, and table 
feed. These values have since been incorpo-
rated into the DICOM standard (Enhanced CT 
DICOM object module) and are starting to be 
implemented by the CT manufacturers. The 
widespread implementation of these fields will 
make estimation of radiation dose performance 
easier and more accurate in the future.

This study of scanner performance rep-
resents exclusively dose values that were 
measured and reported. Although the Lung 
Screening Study and American College of 
Radiology Imaging Network investigators 
performed independent visual image quali-
ty assessments, such image quality metrics 
were not factored into these data. It is un-
known whether the scanners that delivered 
relatively higher dose using the technique 
charts developed for this trial obtained rela-
tively better image quality.

What can be inferred from these data is 
that mAs alone cannot be used as a universal 
indicator of image quality, such as noise, or 
even machine output, because radiation out-
put per mAs varies between scanner manu-
facturers and models. As radiation dose be-
comes an increasingly important factor in 
radiology, the need to collapse many techni-
cal factors down to one or two to gain a clear-
er understanding of the long-term effects also 
increases. Unfortunately, this study indicates 
that simplifying image quality or noise on 
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Fig. 5—Normalized dose measured on scanners with four or eight channels was significantly different than that 
for 16-, 32-, or 64-channel scanners, even after controlling for manufacturer (p < 0.001). Note that 32-channel 
Siemens Healthcare Sensation 64 scanners were included in “16 or 64” channel scanner group for simplicity. 
CTDIw = weighted CT dose index, mAs = milliampere-second.
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the basis of a mAs parameter is not likely 
to ultimately be useful because of the output 
variability among CT scanners.

summary
A large collection of dose measurements 

was obtained on current vintage MDCT 
scanners during a multisite lung screening 
research trial. These dose measurements 
(CTDIw) were normalized and reported on a 
per mAs basis, by CT scanner model.

This study found a statistically signifi-
cant difference in normalized CT dose index 
among CT scanner manufacturers, likely be-
cause of design differences, such as filtration, 
bow-tie design, and geometry. Our findings 
also indicated a statistically significant differ-
ence in normalized CT dose index among CT 
scanner models manufactured by GE Health-
care, Siemens Healthcare, and Philips Health-
care. We also found a statistically signifi-
cant difference in normalized CT dose index 

among all models and all manufacturers. Fi-
nally, we found a statistically significant dif-
ference in normalized CT dose index from 
CT scanners among manufacturers when 
we grouped them by number of data chan-
nels (four or eight data channels vs 16, 32, or 
64 channels), suggesting that more complex 
scanners show improved dose efficiency. The 
average normalized CT dose index values var-
ied by a factor of almost two across all scan-
ners from all manufacturers. This study was 
focused on machine-specific normalized CT 
dose index, which is one of many factors that 
influence image quality and patient dose.
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TABLE 4: Normalized Dose Values Averaged by CT Scanner Manufacturer 
and Model

Manufacturer, Model No. of Scanners
No. of CT Dose Index 

Measurements

Normalized Weighted CT 
Dose Index (mGy/mAs), 

Average (SD)

GE Healthcare

QX/i 11 26 0.10 (0.015)

LightSpeed Plus 9 22 0.09 (0.025)

LightSpeed Ultra 7 23 0.10 (0.011)

LightSpeed 16 23 51 0.09 (0.011)

VCT 1 2 0.09 (—)

Philips Healthcare

MX8000 6 13 0.08 (0.010)

MX8000-IDT 2 7 0.12 (0.053)

Brilliance 64 1 1 0.07 (—)

Siemens Healthcare

Sensation 4 Volume Zoom 14 35 0.10 (0.025)

Sensation 16 13 25 0.08 (0.008)

Sensation 64 2 4 0.08 (0.002)

Toshiba

Aquilion 4 4 6 0.12 (0.045)

Aquilion 16 3 6 0.13 (0.013)

Note—Overall average normalized dose (weighted CT dose index per milliampere-second) for all scanners 
operated at 120 kVp was 0.096 mGy/mAs. Data collected from scanners operated at other than 120 kVp for 
National Lung Screening Trial were not included in these values. Dashes indicate too few data points to 
compute a standard deviation value.
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APPENDIX 1: Statistical Modeling

A hierarchic modeling with robust regression was used to simultaneously address the first three questions: first, difference among manu-
facturers in normalized CTDIw; second, difference among scanner model within a manufacturer in normalized CTDIw; and third, difference 
among all models and all manufacturers in normalized CTDIw. The hierarchic structure of a manufacturer (level 1) and scanner models within 
a manufacturer (level 2) were embedded within the statistical hierarchic modeling. In the first hierarchic structure, four manufacturers were 
coded as three dichotomized covariates to compare normalized CTDIw across manufacturers. In the second hierarchic structure, CT scan-
ner models were nested within the CT manufacturers. They were coded as dichotomized variables to compare normalized CTDIw within the 
manufacturer. The regression equation is as follows: 

Log(normalized CTDIw) = ∑ Manufacturer + ∑ CT scanner model| manufacturers + error term

The third hypothesis of difference among all models and all manufacturers in normalized CTDIw was tested using Bonferroni’s multiple 
comparisons from postestimation of the regression. The Bonferroni method was implemented conservatively, preventing us from finding 
false-positive differences in normalized CTDIw. By combining two levels of hierarchic structure into one regression, the three hypotheses 
were able to be addressed.

The regression model for the last hypothesis, which is to test the difference in normalized CTDIw by the number of data channels on the 
scanner with covariates of manufacturers, is as follows: 

Log(normalized CTDIw) = ∑ Manufacturer + ∑ Channels + error term.


