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Submillisievert Computed Tomography of the Chest Using
Model-Based Iterative Algorithm: Optimization of Tube

Voltage With Regard to Patient Size

Zsuzsanna Deák, MD,* Friedrich Maertz, MD,† Felix Meurer, MD,* Susan Notohamiprodjo, MD,*

Fabian Mueck, MD,* Lucas L. Geyer, MD,* Maximilian F. Reiser, MD,* and Stefan Wirth, MD, PhD*
Objective: The aim of this study was to define optimal tube potential for
soft tissue and vessel visualization in dose-reduced chest CT protocols
using model-based iterative algorithm in average and overweight patients.
Methods: Thirty-six patients receiving chest CTaccording to 3 protocols
(120 kVp/noise index [NI], 60; 100 kVp/NI, 65; 80 kVp/NI, 70) were in-
cluded in this prospective study, approved by the ethics committee. Pa-
tients' physical parameters and dose descriptors were recorded. Images
were reconstructed with model-based algorithm. Two radiologists evaluated
image quality and lesion conspicuity; the protocols were intraindividually
compared with preceding control CT reconstructed with statistical algorithm
(120 kVp/NI, 20). Mean and standard deviation of attenuation of the muscle
and fat tissues and signal-to-noise ratio of the aorta were measured.
Results:Diagnostic images (lesion conspicuity, 95%–100%)were acquired
in average and overweight patients at 1.34, 1.02, and 1.08 mGy and at 3.41,
3.20, and 2.88 mGy at 120, 100, and 80 kVp, respectively. Data are given as
CT dose index volume values.
Conclusions: Model-based algorithm allows for submillisievert chest
CT in average patients; the use of 100 kVp is recommended.

Key Words: dose reduction, chest CT,
model-based iterative reconstruction, tube voltage, effective diameter,
effective dose

(J Comput Assist Tomogr 2017;41: 254–262)

C hest computed tomography (CT) has become the diagnostic
imaging modality of choice for various thoracic diseases

and conditions. Because of the considerable contribution of CT
to an increase in overall radiation exposure, several strategies
and technologies have been introduced in the clinical routine for
reducing the exposure to radiation.1–4 The summit on “Manage-
ment of Radiation Dose in CT” named the goal of these methods
as the reduction of CT-associated radiation exposure to 1 mSv or
less corresponding to a fraction of background dose levels at
which long-term risks can be considered negligible.5

The selection of optimal tube potential, associated dose re-
duction, and required IQ are linked to patient size, diagnostic task,
and reconstruction algorithm. The advantage of low tube voltage
in contrast-enhanced CT studies with special focus on vessel visu-
alization is accepted, but after the introduction of iterative algo-
rithms, previous observations might be revised.6–9 Previously,
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the output of the tube current often reached its loading limit
greater than a special body mass index (BMI) value of the patient
at low tube voltage. Now, iterative algorithms could allow for a
more balanced image quality using lower tube voltages at reduced
radiation dose without reaching the loading limit of the tube cur-
rent because these algorithms compensate for the increased image
noise.6,10,11 Iterative algorithms can be classified into 2 basic cat-
egories: statistical and model-based iterative algorithms—and
among them, the model-based methods show clearly superior per-
formance to statistical algorithms.10,11 Previous clinical optimiza-
tion CT studies assessing the effect of low tube energies do not
include the model-based iterative algorithm. Clinical evaluation
studies of model-based iterative algorithm for thoracic soft tissue
visualization at a reduced dose exist. However, they do not con-
sider patient size or different tube voltages and often describe
their results in percentage of dose reduction with respect to a
reference protocol.8,12–19

The purpose of the study was to define the optimal tube po-
tential for soft tissue and vessel visualization in dose-reduced CT
protocols of the chest with model-based iterative algorithm in av-
erage and overweight patients.
MATERIALS AND METHODS

Study Design and Patient Selection
This prospective clinical trial was approved by the local ethics

review board. All patients gave written informed consent for partic-
ipation. The study analyzed and compared the IQ and radiation ex-
posure of 3 dose-reduced CT protocols applying model-based
reconstruction, automated tube current modulation, and different
tube energies in 3 matched patient populations with identical
physical parameters.

Forty-six consecutive patients (21 men and 25 women; mean
age [SD], 64.8 [11.8] years; range, 34–86 years) scheduled to re-
ceive a contrast-enhanced standard-of-care follow-up chest CT
from December 2012 to May 2013 were prospectively included.
The inclusion criterion was a preliminary staging chest CTwithin
the last 18 months serving as a control scan. All patients
underwent a chest CT according to protocol A, B, or C. The flow
diagram of Figure 1 illustrates the progress of patients through the
trial. The mean and standard deviation (SD) of the number of
months between the 2 CTexaminations were 6 (3) months. Seven
cases (n = 7) had to be excluded because of the inappropriate con-
trast phase in patients with unusual fast or slow circulation (tech-
nical problem in Fig. 1). A total of 39 patients were screened
because of the following malignancies: melanoma (n = 25), breast
cancer (n = 5), ovarian cancer (n = 3), endometrial cancer (n = 1),
thyroid cancer (n = 1), liposarcoma (n = 1), sarcoma (n = 1), lym-
phoma (n = 1), and gastrointestinal stromal tumor (n = 1).

Physical parameters of the patients (height and weight) were
recorded, and the value of the BMI was calculated. The maximum
anteroposterior (Dap) and lateral (Dlat) diameters of the chest were
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measured in the localizer scout view, and effective diameter (Deff)
was assessed by the equation:Deff = √(Dap*Dlat).

19–21 The patients
with similarDeff were randomly distributed in the 3 groups of pro-
tocols A, B, and C. The patients had variable physical parameters,
and 3 patients had to be excluded because of the outstanding
values of Deff, weight, or BMI (other reasons are shown Fig. 1).
The 3 groups were further divided into 2 subgroups on the basis
of Deff and weight.20

CT Protocol and Image Reconstruction
Imaging was performed on a 64-row multidetector CT scan-

ner (HD 750 Discovery; GE Healthcare, Waukesha,Wis). The CT
examinations were acquired with 3 dose-reduced protocols (A, B,
and C) applying different tube energy levels (A, 120 kVp; B, 100
kVp; and C, 80 kVp) and automated tube current modulation reg-
ulated by the noise index (NI). The upper and lower limits of the
tube current were 400 and 10 mA, respectively. The operator-
selected primary reconstruction slice thickness was set to
2.5 mm.21 On the basis of previous dose finding studies, the scans
were performed for the protocol A at 120 kVp at an NI of 60, for
the protocol B at 100 kVp at an NI of 65, and for the protocol C at
80 kVp at an NI of 70.22,23 The preliminary or control CTwas ac-
quired at 120 kVp at an NI of 20. All other scan parameters in-
cluding the 40-mm detector collimation, the 0.4-second gantry
rotation time, and the 0.984 pitch factor were identical.

The contrast-enhanced images were acquired using a fixed
delay of 10 seconds after bolus tracking in the pulmonary trunk.
The patients received 450-mg/kg iodinated contrast medium
(Solutrast300; Bracco Imaging Deutschland GmbH, Konstanz,
Germany). The injection rate was 3.5 mL/s for protocols A and
B and the control protocol. In case of protocol C, it was decreased
to 2.5 mL/s to diminish artifacts. Previous experiences showed
that higher flow rates caused streak artifacts around the superior
vena cava resulting to severe impairment of diagnostic image quality.

Image Reconstruction
The images of the control CT studies were reconstructed

with a statistical iterative algorithm, the adaptive statistical itera-
tive reconstruction algorithm (ASIR; GE Healthcare) using soft
FIGURE 1. The figure presents the flow diagram of the clinical trial.
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tissue kernel and a blending of 50%. The images of the protocols
A, B, and C were reconstructed with a model-based iterative re-
construction algorithm (Veo; GE Healthcare, Waukesha, Wis).
The reconstructed images were reformatted with a slice thickness
of 3 mm in the 3 standard planes (axial, coronal, and sagittal).

Radiation Dose
The dose values were recorded as CT dose index (CTDI) vol-

ume and dose length product (DLP). In the Report No. 204 of the
American Association of Physicist in Medicine, the size-specific
dose estimate (SSDE) was calculated from the CTDI for each pa-
tient based on the Deff.

20 The effective dose was estimated using
the conversion factors adapted for chest CT determined by
Deak et al24 according to the recommendations of the new In-
ternational Commission on Radiological Protection Publica-
tion 103 published in 2007.

Image Quality Analysis
The displays were calibrated, and the viewing conditions

were adjusted to technical standards.25 The reformatted image
studies were evaluated in a picture archiving and communication
system workstation (Impax6; Agfa Healthcare, Mortsel, Belgium).

Lesion Conspicuity
In the first reading session, 2 reporting radiologists evaluated

the images of protocols A, B, and C by viewing the control and
dose-reduced CT examinations side by side to assess lesion con-
spicuity. The radiologists were an attending physician with more
than 10 years of experience in radiology and a radiologic trainee
with more than 2 years of experience. They recorded all the le-
sions both present in the control and appearing only in the dose-
reduced CT studies. The purpose of the study was to ascertain
whether the dose-reduced scanswere of diagnostic quality. The re-
corded findings were compared with the radiologic report of the
control CT to calculate sensitivity.

Subjective Image Quality Evaluation
In the second session, the IQ of both the control and dose-

reduced CTwas independently evaluated in randomized order by
www.jcat.org 255
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2 other radiologists (a radiologic trainee and an attending physi-
cian) blinded to acquisition protocol. The readers rated the depiction
of 4 different anatomical regions (axilla, mediastinum, thyroid re-
gion, and vessels) in all planes considering accepted standards of
the European Diagnostic Guidelines for Quality Criteria.26 They
also assessed the IQ in terms of image noise, contrast, delineation,
and visibility of edges of the recorded pathologic findings and small
anatomical structures. The evaluation followed a 4-point scale: 0,
nondiagnostic IQ; 1, diagnostic IQ; 2, good IQ; 3, excellent IQ.

Signal and Noise Measurements
The measurements on the image data were executed on an

advanced workstation (Advantage Workstation; GE Healthcare)
suitable for postprocessing of the CT images. The mean values
(MVs) and SD of the attenuation values were determined in
Hounsfield units (HU) by drawing identical 10-mm circular regions
of interest in the fat tissue, muscle, and aorta in axial, coronal, and
sagittal images. The results served as objective measurements to
estimate image noise. Signal-to-noise ratio (SNR) was calculated
for the aorta by the following equation: SNR = MVaorta / SDaorta.

Statistical Analysis
The dose values (DLP, CTDI, and SSDE), the values of Deff,

weight and BMI, the IQ ratings, and the results of the attenuation
and noise measurements were compared in the corresponding
subgroups of protocols A, B, and C. The dose values, the IQ rat-
ings, and the attenuation and noise values were also compared
with the data of the corresponding control CT studies acquired
with the control protocol. All data except for the results of the pa-
tients' physical parameters and IQ rating scores were analyzed
with the aid of the paired t test. The IQ rating scoreswere analyzed
with the Wilcoxon signed-rank test. The consistency of the given
IQ scores was estimated by calculating the Cronbach α coeffi-
cient. The level of significance was set at a P value of 0.05, and
for multiple comparisons among the subgroups of protocols A,
B, and C, the confidence interval was adjusted with Bonferroni
correction resulting to a corrected P value of 0.0167 (0.05/3 =
0.0167). The statistical calculations were performed with a statis-
tical software (SPSS 22.0; IBM Corporation, Armonk, NY).
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Physical Parameters
The number of patients was 12 in each protocol; 7 patients

with a Deff of less than 34 cm belonged to subgroup 1, and
5 patients with a Deff of greater than 34 cm belonged to subgroup
2. The weight of the patients with a Deff of 34 cm or less in sub-
group 1 ranged from 48 to 80 kg. The patients of subgroup
2 had a weight greater than 75 kg and a BMI ranging from 25 to
43 kg/m2 accordingly being overweight or obese. With respect
to the Deff, weight, and BMI, there was no significant difference
among the subgroups of the 3 protocols. The results and corre-
sponding P values are shown in Table 1.

Radiation Dose
The values of the CTDI of protocols A, B, and C were lower

than those of the control CT in both subgroups. In comparison
with the statistical reconstruction technique, the model-based al-
gorithm allowed for a reduction of the CTDI by 79.2% and
69.6% at 120 kVp (A), by 82.00% and 69.3% at 100 kVp (B),
and by 81.4% and 74.5% at 80 kVp (C) in subgroups 1 and
2, respectively.
256 www.jcat.org © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

http://www.jcat.org


TA
B
LE

2.
Le
sio

n
C
on

sp
ic
ui
ty

A
na

to
m
ic
al

R
eg
io
n
s

Su
bg

ro
up

s

P
ro
to
co
lA

(1
20

kV
p)

P
ro
to
co
lB

(1
00

kV
p
)

P
ro
to
co
lC

(8
0
kV

p)

C
on

tr
ol

D
os
e
re
du

ce
d

C
on

tr
ol

D
os
e
re
du

ce
d

C
on

tr
ol

D
os
e
re
du

ce
d

N
o.
L
es
io
ns

N
o.
L
es
io
ns

S
en
si
ti
vi
ty

N
o.
N
ew

L
es
io
n
s

N
o.
L
es
io
n
s

N
o.
L
es
io
n
s

Se
ns
it
iv
it
y

N
o.
N
ew

L
es
io
ns

N
o.
L
es
io
ns

N
o.
L
es
io
ns

Se
ns
it
iv
it
y

N
o.
N
ew

L
es
io
ns

T
hy
ro
id

gl
an
d

1
1

1
10
0%

—
2

2
10
0%

—
3

3
10
0%

—

2
2

2
10
0%

—
4

4
10
0%

—
2

1
50
%

—

C
al
ci
fi
ca
tio
ns

of
th
e
ao
rt
a,
ca
rd
ia
c

va
lv
es
,a
nd

co
ro
na
ry

ve
ss
el
s

1
13

13
10
0%

—
5

5
10
0%

—
3

3
10
0%

—

2
3

3
10
0%

—
1

1
10
0%

—
3

3
10
0%

—

T
hr
om

bu
s
or

ec
ta
si
a
in

th
e
in
tr
at
ho
ra
ca
l

ve
ss
el
s
or

he
ar
t

1
4

4
10
0%

—
4

4
10
0%

—
2

2
10
0%

—

2
—

—
10
0%

—
1

1
10
0%

3
—

—
10
0%

—

M
ed
ia
st
in
al
pa
th
ol
og
y,
ly
m
ph

no
de
s,

an
d
tu
m
or
ou
s
le
si
on
s

1
6

6
10
0%

—
1

1
10
0%

—
5

5
10
0%

—

2
3

3
10
0%

—
2

2
10
0%

—
8

8
10
0%

—

C
ar
di
al
,p
er
ic
ar
di
al
,o
r
pl
eu
ra
lt
um

or
ou
s

le
si
on

or
ef
fu
si
on

1
1

1
10
0%

—
1

1
10
0%

1
2

2
10
0%

—

2
—

—
10
0%

—
—

—
10
0%

—
—

—
10
0%

—

Pa
th
ol
og
ic
fi
nd
in
gs

of
th
e
di
ap
hr
ag
m

an
d
ch
es
tw

al
l

1
1

1
10
0%

—
2

2
10
0%

—
1

1
10
0%

—

2
1

1
10
0%

—
1

1
10
0%

1
1

1
10
0%

—

A
xi
lla
ry

ly
m
ph

no
de
s;
cu
ta
ne
ou
s,

su
bc
ut
an
eo
us
,a
nd

m
am

m
ar
y
le
si
on
s

1
7

7
10
0%

—
2

2
10
0%

1
6

6
10
0%

—

2
8

8
10
0%

—
7

7
10
0%

—
5

5
10
0%

—

A
ll
le
si
on
s

1
33

33
10
0%

—
17

17
10
0%

2
22

22
10
0%

—

2
17

17
10
0%

—
16

16
10
0%

4
19

18
95
%

—

J Comput Assist Tomogr • Volume 41, Number 2, March/April 2017 Submillisievert CT of the Chest
In subgroup 1, the values of CTDI, SSDE, and DLP at 100
kVp (P = 0.00051, P = 0.00086, and P = 0.00681, respectively)
and 80 kVp (P = 0.00500, P = 0.00577, and P = 0.00444, respec-
tively) were significantly lower than those at 120 kVp. In sum-
mary, the effective dose was calculated as less than 1 mSv for
subgroup 1 using any tube voltages in the dose-reduced scans,
but at 100 kVp, it was significantly lower (P = 0.00824) than at
120 kVp. In subgroup 2, the dose values of the protocols A, B,
and C were similar. The detailed data and the corresponding
P values are presented in Table 1.

Lesion Conspicuity
There were altogether 130 identified lesions; the distribution

of them in the 3 protocols is detailed in Table 2. The percentage of
diagnostic confidence was 100% at 120 kVp (A), at 100 kVp
(B) in both subgroups, and at 80 kVp (C) in subgroup 1. At 80
kVp (C), only 18 of 19 lesions were identified in subgroup 2 be-
cause of an unrealized thyroid nodule, and the percentage of diag-
nostic confidence decreased to 95%. At 100 kVp, the patients
developed the following new lesions: pulmonary embolism
(n = 3), metastasis of the diaphragm (n = 1), pathologic axillary
lymph node (n = 1), and pleural effusion (n = 1). The value of
Cronbach α indicated a complete agreement of the readers for le-
sion conspicuity (α = 1.000).

Subjective Image Quality Evaluation
At 120 kVp (A) and 100 kVp (B) in both subgroups with re-

gard to all anatomical regions, the IQ at reduced effective dose
using the model-based algorithm was rated similar or superior to
the control CT (Fig. 2). In subgroup 1 at 80 kVp (C), the IQ
was inferior to the control CT, whereas in subgroup 2, it was sim-
ilar except for the significantly poorer visualization of the medias-
tinal soft tissue structures and lesions (P = 0.00798). Using the
3 dose-reduced protocols, the soft tissue structures and vessels
were better depicted at 100 kVp than at 80 kVp in both subgroups
(Fig. 3). At 120 kVp, the depiction of the soft tissue structures was
usually superior than at 80 kVp, but not the depiction of vessels.
Finally, no significant difference was observable between the IQ
ratings of protocols A and B respecting either soft tissue or vessel
visualization (Fig. 2). The rating scores and P values are listed in
Table 3. The IQ of the 3 protocols is also compared in Figures 4
and 5 for both subgroups. There was a good agreement of the
IQ ratings for protocols A (α = 0.719) and C (α = 0.758) and an
acceptable agreement for the control protocol (α = 0.642) and pro-
tocol B (α = 0.651).

Signal and Noise Measurements
Comparing with the control CT, the mean attenuation of the

muscle and fat tissues significantly altered at 100 kVp (B) and 80
kVp (C) in the dose-reduced protocols. The mean attenuation de-
creased by 3.9 HU for muscle (P = 0.04514) and by 14.9 HU for
fat tissue (P = 0.00013) at 100 kVp in subgroup 1. At 80 kVp, it
decreased by 4.8 HU in subgroup 1 and by 4.1 HU in subgroup
2 for muscle (P = 0.01520 and P = 0.02972, respectively) and
by 14.2 HU in subgroup 1 and 21.9 HU in subgroup 2 for fat tis-
sue (P 0.00041 and P < 0.00001, respectively).

In the dose-reduced images at 120 kVp (A) in subgroup 1,
the objective image noise significantly decreased (muscle,
P = 0.02739; fat tissue, P = 0.04267), and the SNR of the aorta
significantly increased (P = 0.00433) in comparison with the con-
trol CT. At 100 and 80 kVp, the objective image noise was com-
parable, but the SNR of the aorta was significantly higher than
that in the control CT—at 100 kVp in subgroup 1 (P = 0.00115)
© 2016 Wolters Kluwer Health, Inc. All rights reserved. www.jcat.org 257
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FIGURE 2. The figure shows coronal images of a chest CT of 2 patients with a BMI of 26.1 and 25.2 kg/m2 and an effective diameter of 32.7
and 33.5 cm. The images compare the image quality of the control protocol at 120 kVp using a statistical iterative reconstruction (IR) with
the dose-reduced protocol using model-based iterative algorithm at 120 and 100 kVp. The values of the corresponding CTDI are given
in milligray.

Deák et al J Comput Assist Tomogr • Volume 41, Number 2, March/April 2017
and at 80 kVp in both subgroups (subgroup 1, P = 0.00907; sub-
group 2, P = 0.00072). The data and P values are listed in Table 4.
DISCUSSION
With the increasing use of CT, it became more important to

offer sufficient IQ in the CT imaging exposing patients to the low-
est possible radiation. Brenner et al27 revealed in their study that
the lifetime lung cancer risks associated with radiation exposure
seem to be dramatically reduced for patients with reduced life ex-
pectancies. On the other hand, in those oncological patients with
good life expectancy, for example, in early-stage breast and pros-
tate cancers, any reduction in lifetime radiation risk is minimal;
FIGURE 3. The figure shows the axial images of a chest CT of 2 patients.
similar BMI values (20.2 and 20.6 kg/m2) and similar effective diameter (3
the corresponding images as CTDI in milligray. The soft tissue of the tho
streak artifacts are less. The patient on the left has an enhancing and en

258 www.jcat.org
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thus, CT-associated radiation exposure is recommended to de-
crease it as low as possible.

Thewise use of the available dose-reduction techniques is es-
sential to optimize dose efficiency. This study systematically com-
pared the radiation exposure and IQ of dose-reduced protocols
using different tube energies and the model-based iterative algo-
rithm in the CT imaging of the chest. Deff, weight, and BMI pro-
vided a basis to establish 3 patient populations with identical
physical parameters for the comparison study. The radiation expo-
sure was controlled with an attenuation-based automatic tube cur-
rent modulation adapted to the individual anatomy of the patients.
The scan parameters were tuned to realize 3 protocols allowing
for similar IQ and radiation exposure using the model-based
The images were acquired at 100 and 80 kVp, and the 2 patients had
1.0 and 32.6 cm). The values of the radiation dose are recorded in
racic wall and axillary region is better depicted at 100 kVp, and the
larged pathologic axillary lymph node.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://www.jcat.org


TA
B
LE

3.
Im

ag
e
Q
ua

lit
y
Ra

tin
gs

A
na

to
m
ic
al

R
eg
io
ns

Su
bg

ro
up

s

P
ro
to
co
lA

(1
20

kV
p)

P
ro
to
co
lB

(1
00

kV
p)

P
ro
to
co
lC

(8
0
kV

p)

A
vs

B
,

P
A
vs

C
,P

B
vs

C
,P

C
on

tr
ol

(C
)

D
os
e

R
ed
uc
ed

(D
R
)

P

C
on

tr
ol

(C
)

D
os
e

R
ed
uc
ed

(D
R
)

P

C
on

tr
ol

(C
)

D
os
e
re
du

ce
d
(D

R
)

P
M
ed
ia
n

R
an

ge

M
ed
ia
n

R
an

ge

M
ed
ia
n

R
an

ge

M
ed
ia
n

R
an

ge

M
ed
ia
n

R
an

ge

M
ed
ia
n

R
an

ge

M
in

M
ax

M
in

M
ax

M
in

M
ax

M
in

M
ax

M
in

M
ax

M
in

M
ax

A
xi
lla
ry

re
gi
on

1
2

1
3

2
1

3
0.
43
25
1

2
1

3
2

1
3

0.
18
35
2

2
1

3
1

0
2

<
0.
00
00
1,

*
C
>
D
R

0.
52
21
8

<
0.
00
00
1,

*
A
>
C

<
0.
00
00
1,

*
B
>
C

2
2

1
3

2
1

3
0.
07
35
3

2
1

3
2

1
3

0.
15
62
5

2
1

3
2

1
3

0.
23
27
0

0.
09
29
6

0.
01
92
8

0.
00
11
2,

*
B
>
C

T
hy
ro
id

re
gi
on

1
2

1
2

2
1

3
0.
00
06
6,
*

C
<
D
R

2
1

2
2

1
3

0.
15
15
1

2
1

2
1

0
3

0.
00
25
6,

*
C
>
D
R

0.
04
44
4

<
0.
00
00
1,

*
A
>
C

0.
00
02
4,

*
B
>
C

2
2

1
3

2
1

3
0.
00
01
9,
*

C
<
D
R

2
1

3
2

1
3

0.
04
45
7,

*
C
<
D
R

2
1

3
2

1
3

0.
40
51
7

0.
52
21
8

0.
00
02
2,

*
A
>
C

0.
01
42
8,

*
B
>
C

M
ed
ia
st
in
um

1
2

1
3

2
1

3
0.
27
76
0

2
1

2
2

1
3

0.
05
59
2

2
1

3
1

1
2

0.
00
01
4,

*
C
>
D
R

0.
12
85
2

<
0.
00
00
1,

*
A
>
C

0.
00
16
8,

*
B
>
C

2
2

1
3

2
2

3
0.
12
71
4

2
1

3
2

1
3

0.
27
42
5

2
1

3
2

1
3

0.
00
79
8,

*
C
>
D
R

0.
66
72
0

0.
00
02
0,

*
A
>
C

0.
00
03
2,

*
B
>
C

V
es
se
ls

1
3

2
3

3
2

3
0.
06
30
1

3
2

3
3

2
3

0.
99
99
9

3
2

3
3

1
3

0.
04
27
0,

*
C
>
D
R

0.
11
18
4

0.
18
35
2

0.
00
96
0,

*
B
>
C

2
3

2
3

3
2

3
0.
09
17
6

2
2

3
3

2
3

0.
00
12
6,

*
C
<
D
R

3
2

3
3

1
3

0.
05
70
5

0.
34
72
2

0.
10
31
0

0.
01
64
0,

*
B
>
C

T
he

P
va
lu
es

in
di
ca
tin

g
si
gn
if
ic
an
tly

di
ff
er
en
tv
al
ue
s
ar
e
in
de
xe
d
w
ith

an
as
te
ri
sk

(*
).

J Comput Assist Tomogr • Volume 41, Number 2, March/April 2017 Submillisievert CT of the Chest

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer 
technique. The study analyzed the effect of different tube energies
on IQ and radiation dose in patients having average anatomical
characteristics and being overweight or obese.

The CT imaging of the chest is an accepted modern diag-
nostic tool in various thoracic pathologies. Among the modern
dose-reducing strategies, the model-based iterative algorithm
is an effective method to decrease patients' exposure to radi-
ation. Its dose-reduction potential is widely studied in the
current literature.12–16

Our study, similar to that of Padole et al,15 concentrated on
the evaluation of the visibility of soft tissue structures of the chest
in submillisievert CT images. Padole et al found its performance
regarding the depiction of the mediastinum suboptimal, but our re-
sults show that, in patients with aDeff of 34 cm or less, the IQwith
the model-based technique at a CTDI value of 1.34 mGy at 120
kVp and 1.02 mGy at 100 kVp was acceptable for diagnostics
and comparablewith statistical iterative algorithm at a mean CTDI
value of 5.97 mGy. At 80 kVp, at a likewise low radiation dose of
1.08 mGy, the IQ proved to be acceptable for diagnostics but was
significantly inferior (axillary region, P < 0.00001; thyroid region,
P = 0.00256; mediastinum, P = 0.00014; vessels, P = 0.04270) to
the control CT. The image noise of the 3 protocols was inferior or
comparable with that of the control protocol. In summary, the ef-
fective dose was less than 1 mSv using any tube voltages, but at
100 kVp, the dose values were significantly lower (CTDI,
P = 0.00051; SSDE, P = 0.00086; DLP, P = 0.00681) than those
at 120 kVp, and the IQ including the depiction of intrathoracic
vessel was significantly better than at 80 kVp (axillary region,
P < 0.00001; thyroid region, P = 0.00024; mediastinum,
P = 0.00168; vessels, P = 0.00960).

These findings are in accordance with the results of Khawaja
et al16 and Mueck et al23 and furthermore indicate a considerable
advantage of using the 100 kVp in combination with the model-
based algorithm to decrease the radiation dose of chest CT. In
these patients, the 100 kVp could be applied even manually in
the daily routine along with regular audits and communication
with the team to improve the compliance. The attenuation-based
automatic kilovolt-selection exists, but it is not available on
all scanners.28

For obese patients (BMI > 30 kg/m2), Kalra et al29 recom-
mended a 2-fold increase in tube current-time product and an im-
age noise that is greater than for a standard adult in normal-dose
abdomen and pelvic CT. Manowitz et al30 increased the effective
dose from 1.3 to 2.0 mSv in patients with a BMI greater than
35 kg/m2 to have satisfactory IQ in a lung cancer screening pro-
gram. Corresponding clinical data for the model-based algorithm
respecting soft tissue imaging for chest CTare not available in the
literature. Our results indicated for patients with a Deff of greater
than 34 cm—patients with a BMI ranging from 25 to 43 kg/m2

corresponding to overweight or obese body shape—an average
CTDI value that is 2.5 to 3.0 times higher than that in normal
weight patients using the model-based technique. However, even
so, the applied CTDI did not exceed 3.41 mGy, corresponding
to 1.6 mSv in our study. In the control protocol, the mean value
of the CTDI increased only by 97.5% from 5.57 to 11.0 mGy
mainly because of reaching the upper limit of the tube current
modulation set to 400 mAs. The IQ of the dose-reduced CT scans
in these patients was diagnostically acceptable and mostly corre-
spondent or even superior to the normal dose CT, except for the
visualization of mediastinum at 80 kVp being significantly infe-
rior (P = 0.00798). The image noisewas comparablewith the con-
trol CT. These results indicate a further dose-reduction potential at
120 and 100 kVp for these patients with the model-based algo-
rithm using patient-adapted attenuation-based automatic tube
current modulation.
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FIGURE 4. The figure shows the axial images of a chest CT of 3 patients. The images were acquired with the dose-reduced protocols at 120,
100, and 80 kVp using model-based iterative reconstruction (IR); the corresponding values of CTDI in milligray are indicated in the images.
The 3 patients of the 3 protocols applying 120, 100, and 80 kV presented with similar effective diameters of 32.7, 33.5, and 33 cm,
respectively. The borders of themuscle and the delineation of the fat pads aremore clearly identifiable at 120 or 100 kVp than at 80 kVp. The
difference is more visible in the extracted and enlarged images. The second patient has a hypodense thyroid nodule in the left lobe of the
thyroid gland.

FIGURE 5. The figure shows the axial and coronal images of a chest CT of 3 patients. The images were acquired with the dose-reduced
protocols at 120, 100, and 80 kVp; the corresponding values of the CTDI in milligray are also recorded in the images. The 3 patients
presented with similar values of effective diameter (37.4, 37.4, and 37.7 cm at 120, 100, and 80 kVp, respectively). There is no detectable
difference in the image quality using different tube voltages. At 80 kVp, the effective dose was lower than at 120 or 100 kVp, but the
difference did not prove to be significant. The first and second patientswithmelanoma have tumor progression in the scar tissue after resection
of the axillary lymph nodes on the left side.
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An important finding of the study was the alteration of the
mean attenuation value of the muscle and fat tissues at 80 kVp
and partly at 100 kVp using the dose-reduced protocols and the
model-based method. It might influence the diagnostic evaluation
of some soft tissue structures, for example, lesions of the adrenal
glands if depicted.

The model-based iterative algorithm is a dedicated data re-
construction method for the soft tissue without specific lung or
bone kernels; therefore, the evaluation of lung parenchyma may
be impeded in the images of this technique. Den Harder et al31

demonstrated it in their studies and found discrepancies up to
11% with the model-based algorithm compared with normal-
dose CT for pulmonary nodule volumetry.

The small sample size (n = 7 in subgroup 1 and n = 5 in sub-
group 2) was an important limitation of our study, and it might
have an effect on the statistical outcome. Taylor et al32 reported
a high variability of dose descriptors in their study using the data
of 3805 chest CT collected by an automated exposure control sys-
tem. They recommended the inclusion of greater than 190 patients
to decrease the confidence interval to 10% of the median value if
analyzing dose descriptors.

In conclusion, our clinical results suggest that the model-
based iterative algorithm enables the submillisievert CTof the tho-
racic soft tissue structures without degradation of the diagnostic
IQ in patients with average physical parameters. In these patients,
the application of 100 kVp is recommended to achieve diagnostic
images of high quality at the lowest possible radiation exposure.
Further studies may be required to optimize the use of different
tube voltages for dose-reduced chest CT in overweight patients.
Finally, our clinical data offer preliminary parameters to intro-
duce dose-reduced CT protocols applying the model-based
reconstruction algorithm.
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