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Abstract The potential of online
tube current modulation in subsec-
ond multislice spiral CT (MSCT) 
examinations of children to reduce
the dose without a loss in image
quality is investigated in a controlled
patient study. The dose can be re-
duced for oval patient sectional view
without an increase in noise if the
tube current is reduced where the pa-
tient diameter and, consequently, at-
tenuation are small. We investigated
a product version of an online con-
trol for tube current in a SOMATOM
Sensation 4 (Siemens, Forchheim).
We evaluated image quality, noise
and dose reduction for examinations
with online tube current modulation
in 30 MSCT of thorax/abdomen and
abdomen and compared mA s for
tube current modulation to the mA s
in standard weight-adapted children
protocols. Image quality was rated as
“very good,” “good,” “diagnostic”
and “poor” in a consensus by three
radiologists. Noise was assessed in
comparison to 24 MSCT examina-

tions without tube current modula-
tion measured as SD in ROIs. The
dose was reduced from 26 to 43%
(mean 36%), depending on the pa-
tient’s geometry and weight. In gen-
eral, no loss of image quality was
observed. Measured noise showed a
decrease up to 26% and an increase
up to 36%, although there was no 
decrease of image quality. Online
tube current modulation is now used
as a standard in MSCT at our institu-
tion. Dose in MSCT examinations of
children can be reduced substantially
in routine examinations by online
tube current modulation without a
loss of image quality.

Keywords Multislice spiral CT ·
mA s reduction · Children · Image
quality · Exposure to patients

Eur Radiol (2004) 14:995–999
DOI 10.1007/s00330-004-2301-9 P E D I AT R I C

H. Greess
J. Lutze
A. Nömayr
H. Wolf
T. Hothorn
W. A. Kalender
W. Bautz

Dose reduction in subsecond multislice spiral
CT examination of children by online tube 
current modulation

Introduction

A major disadvantage with the increased use of multi-
slice spiral CT (MSCT) is the associated radiation expo-
sure. Radiation exposure is particularly important for
children because of the relatively increased lifetime can-
cer risk compared with that of adults [1] and because of
the higher radiosensitivity of children compared to that
of adults [2]. One technical possibility to reduce the dose
was using a software-based modulation of the tube cur-

rent (SmartScan, General Electric Systems, Milwaukee,
WI). The local absorption was measured in the 100 cen-
tral channels of two localizer radiographs (lateral and 
anterior-posterior) and used for sinusoidal modulation of
the tube current [3–5].

Another possibility to reduce the dose in CT is an on-
line modulation of the tube current. This approach was
performed on a single slice spiral CT scanner in a phan-
tom and cadaver study [6] and first patient studies [7, 8].
A substantial dose reduction with equal or improved im-
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age quality is possible, the noise contribution is more ho-
mogenous and there were fewer noise artifacts with tube
current modulation [7].

The present study aimed to investigate the possible
extent of exposure reduction for children in two scan re-
gions on a subsecond multislice CT (MSCT) with tube
current modulation in comparison to examinations with-
out tube current modulation and in comparison to exami-
nations of children with tube current modulation on a
single-slice CT scanner [9].

Materials and methods

For a body with oval sectional view, attenuation is almost constant
for all projections, and all measured values contribute equally. For
a body with non-circular cross section, and this is normal, attenua-
tion varies extremely, sometimes by more than three orders of
magnitude [10]. Noise in the volume MSCT data measured in high
attenuation projections, mostly in lateral directions, is important
for the noise level in the MSCT image. This means that the tube
current for projections with relatively low attenuation, mostly in
the anterior-posterior direction, can be reduced substantially with-
out a measurable increase of image noise. The deduction, and the
basic consideration of the tube current modulation, is that tube
current should be decreased as a function of rotation angle when-
ever attenuation is low. Therefore, we had to develop means for
monitoring attenuation online and for variation of the tube current
as a function of projection angle with a delay of 360°. Thereby,
modulation can be effected after the first 360° of scanning and is
updated continuously in real time. No changes were made with re-
spect to image reconstruction. The maximal reduction of the tube
current was 90% for projections with low attenuation [10, 11].

The respective technical solution (tube current modulation,
CARE Dose) is the product on an MSCT SOMATOM Sensation 4
(Siemens, Forchheim, Germany). We performed 30 MSCT exami-
nations with tube current modulation on a consecutive number of
children without selection. The age ranged from 11 months up 
to 18 years. Two different scan regions were examined: thorax/
abdomen and abdomen. The scan parameters were slice 4 times
2.5 mm, pitch 1.5, rotation time 0.5 s, 120 kVp and reconstruction
increment 2.5 mm. We compared the results of mA s values read
from the CT scanner with present mA s of a standard protocol
adapted to the individual weight of the children. In this group we
correlated the weight of the children with the measured mA s re-
duction. We also performed 24 MSCT examinations without tube
current modulation on a consecutive number of children without
selection. The age ranged from 10 months up to 13 years. We 
examined the two scan regions with the same parameters. The
tube current in the control group was adapted to the weight of the
children and for this purpose we divided the children into seven
groups (see Table 1). The noise was measured by the average stan-
dard deviation (SD) of region of interest (ROI) 1 and 2 for thorax
images and by the average SD of ROI 3 and 4 for abdomen scans.
ROI 1 was in the trachea at the level of the clavicle, ROI 2 was in
the trachea at the level of the tracheal bifurcation (ROI 1 and 2=19
observations with and 13 observations without tube current modu-
lation). ROI 3 was in the aorta at the level of the diaphragm and
ROI 4 was in the origin of the superior mesenteric artery from the
aorta (ROI 3 and 4=26 observations with and 20 observations
without tube current modulation). There were 54 MSCT scans of
54 children in total (30 children with and 24 children without tube
current modulation with 78 ROIs in total). We investigated how
the quality of the MSCT images with dose reduction compares to
the standard images taken without dose reduction. An easily inter-
preted measure is the relative increase or decrease of noise in SD

of images with tube current modulation compared to images with-
out tube current modulation. Therefore, inference about the ratio
of the median SD (with) and SD (without) is appropriate. We 
report non-parametric 95% confidence intervals for the ratio of
medians derived from the Wilcoxon rank sum test. The exact con-
ditional distribution was used because some of the observations
were tied. All computations were performed in the R system for
statistical computing (http://www.r-project.org), version 1.5.1 [12].

Image quality was evaluated in consensus by visual interpreta-
tion of three experienced radiologists as very good, good, diagnos-
tic and poor for 30 examinations with and 24 examinations with-
out tube current modulation.

Results

mA s reduction

The average mA s reduction of all scan regions was 36%
(maximal 43%, minimal 26%) compared to a standard
protocol, which was weight adapted (Fig 1). In tho-
rax/abdomen examinations the effective mA s varied
from 40 up to 106. The mean dose reduction in percent-
age varied in this group from 31.3 up to 39. In the abdo-
men examinations, the effective mA s varied from 40 to
100, the according mean dose reduction was 32.3 up to
39.9% (Table 2).
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Table 1 mA s for the thorax and abdomen or thorax and abdomen
examinations according to different weight in kg

kg Thorax Abdomen or thorax 
(mA s) and abdomen (mA s)

0–8.9 40 60
9–17.9 50 70

18–26.9 60 80
27–35.9 70 100
36–44.9 80 120
45–69.9 100 140

>70 100 160

Fig. 1 Average mA s reduction for thorax/abdomen and abdomen
examinations



Correlation between weight and dose reduction 
with tube current modulation

There is no correlation between weight and dose reduc-
tion detected in the specific categories, as can be seen in
Table 2.

Assessment of image quality

With regards to the visual image quality, image noise
and contrast resolution, the evaluation of image quality

resulted in n=1 as diagnostic, n=14 as good and in n=15
as very good. A poor image quality was not detected in
any case.

Even in areas with high attenuation, such as the shoul-
der or pelvis, a good image quality was found. In Fig 2, a
comparison of images with and without tube current
modulation is shown. Both were evaluated as very good
image quality, but in the scan on the right with tube cur-
rent modulation, there is a mA s reduction of 40%.

Comparable results were found in the group without
tube current modulation. Image quality was detected as
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Fig. 2 Comparison of images
with (right) and without tube
current modulation (left) both
evaluated as very good image
quality. The mA s reduction in
the right images was 40%

Table 2 Effective mA s and
mean dose reduction in per-
centage in the different weight
groups in examinations of the
thorax/abdomen and abdomen
with tube current modulation

Weight in kg Effective mA s thorax/abdomen Percent mean dose reduction n (19)

0–8.9 – – –
9–17.9 41–48 36.2 (31.4–41.4) 3

18–26.9 40–52 34.2 (33.3–35.0) 2
27–35.9 64–67 34.7 (33.0–36.0) 3
36–44.9 51–59 31.3 (26.3–36.3) 2
45–69.9 77–99 35.4 (29.3–38.6) 7

>70 101–106 39.0 (36.9–41.1) 2

Weight in kg Effective mA s abdomen Percent mean dose reduction n (11)

0–8.9 – – –
9–17.9 40–62 39.9 (35.7–43.0) 4

18–26.9 54–68 32.3 (32.0–32.5) 2
27–35.9 – – –
36–44.9 73 39.2 1
45–69.9 84–88 38.3 (37.1–40.0) 3

>70 100 37.5 1



diagnostic in n=2, as good in n=13 and as very good in
n=9. Poor image quality was not found.

Statistical analysis for the noise

For MSCT scans of the thorax (ROI 1 and 2), the images
with tube current modulation had an average SD be-
tween 74 and 136% of the images without tube current
modulation. For MSCT scans of the abdomen (ROI 3
and 4), the images with tube current modulation had an
average SD between 105 and 132% of the images with-
out tube current modulation, which corresponds to an av-
erage SD increase between 5 and 32% when tube current
modulation was applied.

That means, objectively, that the SD in the group with
tube current modulation in the abdomen region is up to
32% higher than the SD of images without dose reduc-
tion. The SD in the group with tube current modulation
in the thorax region is up to 26% lower and up to 36%
higher than the SD of images without dose reduction
(big variation).

Discussion

The results of this study of children show that a substan-
tial reduction of the mA s can be achieved in both scan
regions using tube current modulation. The differences
in both scan regions in respect to the possibility to re-
duce dose was not considerable. Brix et al. considered
the increase of the average dose per CT examinations for
quad-slice systems with respect to single slice CT not so
alarming as it might have appeared from other studies.
So their results reveal that the mean effective dose to pa-
tients has been changed from 7.4 mSv at single slice CT
scanners to 8.1 mSv at quad-slice systems [13]. Also,
Cohnen et al. saw a comparable radiation exposure be-
tween single slice CT and MSCT. The single slice CT
examinations lead to effective doses of approximately
5–20 mSv, radiation exposure in standard MSCT proto-
cols of the neck, chest, abdomen and lumbar spine
ranges from 3–15 mSv [14]. In a former study of chil-
dren for single slice CT the average mA s reduction was
23% in the thorax and the abdomen scan regions and
22% in the combined scan region of thorax and abdomen
[9]. Therefore, we see a comparable, respectively, higher
mA s reduction for this approach in MSCT for children.

The highest dose reduction was found in examinations of
the thorax/abdomen and the abdomen region in the low-
est weight group (9–17.9 kg), with 41.4 and 43%, re-
spectively. This showed that a substantial dose reduction
was achieved only in very young and thin children. The
large spread of mA s reduction in the present study 
(minimal 26.3%, maximal 43%) results on the one hand
from extremely thin children with a big difference in lat-
eral and a.p. cross-section and high mA s reduction and
on the other hand from obese children with almost no
difference in cross-section and low mA s reduction. For
an alternative approach using a sinusoidal tube current
modulation based on scout views (SmartScan, General
Electric Systems, Milwaukee, WI), there are no data
available for dose reduction in children.

Using attenuation-based online modulation of tube
current, we achieve substantially higher dose reduction in
the thorax and the abdomen scan regions comparing our
own results for children with the results in the same scan
regions for adults with SmartScan [3, 5]. The quality de-
ficiencies of three examinations of children (two without
and one with tube current modulation) evaluated only as
diagnostic were due to motion artifacts in very young
children. Also other authors observed only “good” image
quality by tachypneic infants [15]. But the image quality
with tube current modulation was estimated subjectively
in 90% as good or very good. Donnelly and co-authors
advise to adapt tube current to the patient’s weight. The
biggest disadvantage they have seen is the increase of
noise linked with a decrease of image quality [16].

In a recent publication concerning MSCT dose expo-
sure in children, Vock recommends not to achieve the
perfect but rather the image quality needed to get all the
necessary information with the least possible dose. He
proposes to get used to more noisy, but still diagnostic
images in the future [17]. But in the end, everyone has to
decide the level of acceptable noise on his own. With
tube current modulation, we see a decrease in measured
noise up to 26% and an increase up to 36%, but we see
no effect on the subjectively evaluated image quality.
This means that a dose reduction of approximately 36%
is possible, and we still get CT images rated good or
very good, although there is a measured increase in
noise. We conclude that the use of tube current modula-
tion allows a substantial mA s reduction in both investi-
gated scan regions without a decrease in image quality.
This technique is efficient and practical for minimizing
dose exposure in MSCT of children.
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