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Abstract The standard protocol in
multislice spiral CT (MSCT) angi-
ography for coronary arteries with
fixed tube current-time settings leads
to an overexposure and thus to an
unnecessary high radiation dose in
patients with lower weight when
compared to heavier patients. The
purpose of this study was to estimate
the effect of reducing the radiation
dose by adapting the tube current-
time settings individually. Fifty 
patients underwent retrospectively
ECG-gated MSCT of the heart. In 
25 patients (group A1) a standard
protocol with constant tube current-
time settings was used (4×1-mm 
collimation, 120 kV, 400 mAseff).
Subsequently, artificial image noise
was added to the data of these pa-
tients simulating a directive for
weight-adapted tube current-time
settings (group A2). In the other 
25 patients (group B) an alternative
protocol with individually weight-
adapted tube current-time settings
was applied. The data of all groups
were evaluated by a regression anal-
ysis. The image quality was assessed

objectively by measuring the CT 
attenuation in standardised regions
of interest and subjectively by three
radiologists using a five-point scor-
ing system in a consensus reading.
Applying the weight-adapted tube
current-time settings the effective 
radiation dose was reduced by 17.9%
for men and 26.3% for women. The
standard protocol leads to an over-
exposure in light patients as seen in
the plot of noise vs weight (slope
0.16±0.07 HU/kg). By applying the
weight-adapted tube current-time
settings a weight-independent, con-
stant image noise is achieved (slope
0.04±0.1 HU/kg). Diagnostic image
quality was preserved in all patients.
Individually weight-adapted tube
current-time settings allow for a 
substantial dose reduction when per-
forming retrospectively ECG-gated
MSCT angiography for coronary 
arteries without impairment of diag-
nostic image quality.
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Introduction

From 1990 to 1992 CT caused 35% of the effective cu-
mulative radiation dose in all radiological examinations,
although only approximately 4–6% were CT examina-
tions [1, 2]; hence, in 1998 the European Community
classified CT as a high-dose procedure [3].

On the other hand, multislice computed tomography
(MSCT) angiography for coronary arteries with subsec-
ond gantry rotation time showed promising results and
has gained further clinical acceptance since its introduc-
tion in 1998 [4, 5, 6]. This technique allowed for the first
time retrospectively ECG-gated MSCT of the heart dur-
ing a single breath-hold with a reasonable collimation [7].
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In the future CT examination numbers and subse-
quently cumulative radiation dose are expected to in-
crease further [8, 9, 10]; therefore, it is important to keep
radiation dose for the individual examination as low as
reasonably achievable—a principle often referred to as
ALARA.

Several approaches for dose reduction in MSCT were
introduced in clinical routine including adaptation of
tube current-time settings to biometric data such as
weight which already proved to be useful in abdominal
and thoracic CT [11, 12, 13, 14, 15]. Furthermore, retro-
spectively ECG-gated MSCT of the heart can be com-
bined with ECG-controlled tube current modulation
leading to a relevant dose reduction [10, 16].

The purpose of this study was to develop a simple di-
rective for dose reduction in retrospectively ECG-gated
MSCT angiography of the coronary arteries using indi-
vidually weight-adapted tube current-time settings.

Patients and methods

The study population consisted of 50 randomly chosen patients
(34 men, 16 women; mean age 64.2±10.0 years). All of the pa-
tients underwent retrospectively ECG-gated MSCT of the heart
due to suspected coronary artery disease. Informed consent was
obtained prior to the examination. The patients personal data in-
cluding weight, height and heart rate during the examination were
recorded.

All of the patients were examined with a four-detector-row
MSCT scanner (Somatom Volume Zoom, Siemens, Forchheim,
Germany) during a single breath-hold of 28- to 50-s duration
(mean 39.6 s). The standardised examination protocol included a
4×1-mm collimation, 1.5-mm table feed per rotation (normalised
pitch 0.375) and a tube rotation time of 500 ms. Non-ionic con-
trast material (Ultravist 370, Schering, Berlin, Germany) was ad-
ministered via an 18-G access in the cubital vein. The scan delay
was determined by injection of a 20-ml test bolus with a flow-rate
of 2.5 ml/s and repeated scanning every 2 s at the level of the as-
cending aorta. The time to peak enhancement plus 4 s was chosen
as delay time. For vessel and ventricle enhancement 120 ml of
contrast material were injected at a flow-rate of 2.5 ml/s. Both in-
jections were followed directly by a 50-ml saline chaser bolus in-
jected at the same flow rate.

For image reconstruction a field of view (FOV) of 180×
180 mm with a 512×512 reconstruction matrix and a medium
smooth convolution kernel (B30f) were selected. The effective
slice thickness was 1.25 mm with a reconstruction increment of
0.8 mm. In patients with a heart rate of 65 beats per minute (bpm)
or less at the point of imaging the temporal resolution was 250 ms
constantly. At higher heart rates the temporal resolution ranged
from 125 to 250 ms depending on the heart rate at the point of im-
aging using multisector image reconstruction [17]. For this study
we reconstructed axial image series at 60% of the RR interval in
every patient.

We examined two randomly chosen groups (A and B) with 
25 patients each. The groups were comparable regarding the bio-
metric data (Table 1). Group A was examined according to a stan-
dard protocol based on the recommendations provided by the sup-
pliers (tube voltage 120 kV, effective tube current-time product
400 mAseff) [18]. To develop a dose reduction directive the raw
data of these examinations were reconstructed twice: first with the
standard reconstruction procedure (group A1). Afterwards, the raw

data were transferred to an external personal computer equipped
with an image reconstruction software (CardioRecon 6, Siemens,
Forchheim, Germany). For a second image reconstruction (group
A2) we added an individually adapted amount of random distribut-
ed image noise to the data simulating a reduction of the tube cur-
rent-time product [19, 20] according to patient weight in kilo-
grams multiplied by four in milliampere seconds [15]. By this pro-
cedure we planned to achieve a dose reduction of 25% for an aver-
age patient weighing 75 kg compared to a patient weighing 100 kg
without a relevant increase of image noise. The other image recon-
struction parameters were kept constant.

In general, noise in the CT data is determined by the quantum
noise of the tube and thus follows a Poisson distribution. For a
measured number n of X-ray quanta the noise is proportional to
the square root of n; however, n is dependent on the X-ray attenua-
tion. By adding a count-rate adjusted amount of artificial Poisson-
distributed noise to each measured point in the raw data, a reduced
tube current-time setting could be simulated; therefore, the noise
is adjusted to patient geometry.

The second patient group (group B) was examined with the
same scan protocol as group A but according to the results 
of group A2 with weight-adapted tube current-time settings, i.e.
patient weight in kilograms multiplied by four in milliampere 
seconds as the tube current-time product [15].

Subsequently, the overall quality for all images (group A1, A2
and B) was assessed blinded and randomised by three experienced
radiologists (B.J., A.H.M., J.E.W.) in a single consensus reading
based on a five-point grading scale as follows: 1=clear delineation
of small structures, distinct anatomic detail and sharp vessel;
2=clear anatomic detail with mild increase in image noise; 3=dis-
tinct increase in image noise with still unaffected diagnostic image
quality; 4=obscured anatomic detail due to deterioration in image
quality, extensive blurring and distinct increase in image noise
leading to unsure diagnosis or even resulting in an insufficient
evaluation of diagnosis; and 5=non-diagnostic [11].

Axial images were assessed in a single consensus reading from
hard copies with window settings as follows: width 420 Houns-
field units (HU) and Center 120 HU.

The mean attenuation values in Hounsfield units and the stan-
dard deviation were measured from standardised regions of inter-
est (ROI) with an area of 2 cm2, placed in the ascending aorta as
well as the pulmonary trunk. The ROIs were placed in large ves-
sels so that beam-hardening artifacts from contrast material in the
vena cava could be minimised. The standard deviation of the CT
attenuation was used as a measure for the amount of image noise.
Image noise levels as well as mean densities were compared to
each other with paired (group A1 vs A2) and unpaired (group A vs
B) two-tailed Student’s t tests to find statistically significant dif-
ferences in image noise between the patient groups.

The effective radiation dose according to ICRP 60 was calcu-
lated with the computer program WinDose 2.1 (IMP, Erlangen,
Germany) [21].

Table 1 Patient population of group A (standard protocol) and
group B (weight-adapted tube current-time settings). The biomet-
rical data of the groups show no statistically significant differ-
ences. BMI body mass index

Group A Group B p value

No. of patients 25 25 –
Male:female 18:7 15:10 –
Mean age (years) 63±10 65±10 0.58
Mean weight (kg) 76±11 80±10 0.14
Mean height (cm) 169±7 170±10 0.76
Mean BMI (kg/m2) 26.4 28 0.20
Mean heart rate (bpm) 70.2 67.4 0.38
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In order to examine the effects of the weight-adapted imaging
protocol we plotted the image noise levels against weight, body
mass index (BMI) and height for group A1 and B. The linear re-
gressions for weight, height and BMI were analysed. Additionally,
we calculated a t test to delineate whether the slope was different
from zero. A p value <0.05 was considered to be statistically sig-
nificant and a dependency between image noise and the biometrical
parameter was assumed. Results are given as mean values ± stan-
dard deviation.

Results

Relation of image noise in group A1, A2 and B

Image noise was assigned to the standard deviation mea-
sured in each ROI in Hounsfield units. From group A1 to
A2 the mean image noise level of all patients increased
by 18% in the aorta and by 21% in the pulmonary trunk,
respectively from group A1 to group B by 12% in the
aorta and 17% in the pulmonary trunk.

The level of image noise was statistically different be-
tween group A1 and group A2 as well as between group
A1 and B, whereas the CT attenuation itself did not show
statistically significant differences. On the other hand,

significant differences between the image noise levels of
group A2 and B could not be ascertained. Results are
shown in Table 2.

Assessment of image quality

By calculating the tube-current-time settings equal to the
patients weight in kilograms multiplied by four in milli-
ampere seconds (group A2), an optimised dose distribu-
tion was achieved while retaining a nearly unimpaired di-
agnostic image quality. The average image quality accord-
ing to the consensus assessment was 1.5±0.5 for group A1,
1.6±0.5 for group A2 and 1.7±0.7 for group B. No exami-
nation in any of the subgroups was rated as poor (score of
4) or non-diagnostic (score of 5) (Figs. 1, 2).

Reduction of radiation dose

The tube current-time settings ranged from 220 to
340 mAs (282.9±41.9 mAs) for women and from 200 
to 372 mAs (312.0±42.7 mAs) for men in group A2. In

Table 2 Attenuation and image
noise in group A1 compared to
group A2 and B is shown. 
Additionally, attenuation and
image noise for the three pa-
tient groups are compared by
Student’s t test. The noise 
levels are different between
group A1 and A2 and group A1
and B. The mean signal levels
show no significant differences
between the three groups

Aorta Pulmonary trunk

Attenuation (HU) Noise (HU) Attenuation (HU) Noise (HU)

Group A1 270.2±43.2 22.9±4.1 283.2±78.0 22.3±3.8
Group A2 269.2±43.1 27.0±5.0 284.0±82.0 27.0±5.0
Group B 272.3±48.3 25.6±5.3 317.6±69.5 26.0±4.9

pAttenuation pNoise pAttenuation pNoise

Group A1 vs B 0.944 0.003 0.944 0.002
Group A1 vs A2 0.738 0.000 0.437 0.000
Group A2 vs B 0.799 0.356 0.120 0.472

Fig. 1 a Curved multiplanar
reformation (MPR) of a male
patient (50 kg, 1.74 m; group
A1). Tube current-time settings:
400 mAseff, tube voltage
120 kV. b Same patient as in
Fig. 1a with additionally added
image noise (group A2). Simu-
lated tube current-time settings:
200 mAseff, tube voltage
120 kV, simulated dose reduc-
tion of 50%
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group B they ranged from 216 to 360 mAs (298.0±
50.5 mAs) for women and from 260 to 392 mAs
(334.7±35.5 mAs) for men.

According to ICRP 60 the mean of the calculated 
effective radiation dose was 6.78±1.41 mSv for men,
8.83±1.29 mSv for women in group A1, and 5.29±
1.09 mSv for men, 6.22±0.89 mSv for women in group
A2. The weight-adapted protocol used in group B led to
an effective radiation dose of 5.57±0.89 mSv for men
and 6.51±0.94 mSv for women, corresponding to a 
reduction by approximately 17.9% in men. For women
the reduction amounted to 26.3% with a maximum dose
reduction of 46%.

Scatter plots for image noise vs biometrical data

To test for dependencies between image noise and bio-
metrical data several scatter plots were analysed (Figs. 3,
4, 5, 6). The slopes of the linear fits are given in Table 3.
The regressions were compared to a function with slope
zero using Student’s t test. The p values are given in 
Table 4. A p value <0.05 was considered statistically 
significant indicating a dependency between image noise
and the biometrical parameter.

Compared to group A1 the slope of the linear fit for
weight was reduced in group A2 and was nearly zero in
group B (Figs. 3, 4); however, the slope of the linear fit
for the BMI in group B was also reduced but still signifi-
cantly different from zero (Figs. 5, 6). There was a good
agreement between the results measured in the aorta and
the pulmonary trunk for all patient groups indicating a
homogeneous contrast media delivery.

Fig. 2 MPR of a male patient (76 kg, 1.69 m; group B). Tube cur-
rent-time settings: 300 mAseff 120 kV. The left anterior descending
coronary artery (LAD) is clearly depicted and unrestrictedly
evaluable. After dose reduction, even small diagonal branches of
the LAD are still uncompromised accessible (arrows)

Fig. 3 Linear fit for weight in the ascending aorta in group A1
(a=0.16±0.07 HU/kg, b=10.28 HU with a=slope and b=intersec-
tion with the y-axis)

Fig. 4 Linear fit for weight in the ascending aorta in group B
(a=0.04±0.1 HU/kg, b=22.17 HU with a=slope and b=intersection
with the y-axis)

Fig. 5 Linear fit for body mass index (BMI) in the ascending aorta
in group A1 (a=0.7±0.19 HU/kg m−2, b=4.19 HU with a=slope and
b=intersection with the y-axis)



Discussion

Computed tomography is the most important source of
ionizing radiation for diagnostic purposes. Beyond, new
applications are likely to further increase the radiation
dose caused by CT examinations. On the other hand, ret-
rospectively ECG-gated MSCT angiography of coronary
arteries shows promising results for risk stratification by
detection and quantification of coronary artery calcifica-
tions and assessment of the coronary arteries and coro-
nary artery bypass grafts [4, 6, 16, 22, 23, 24, 25]. For
this reason MSCT of the heart is increasingly performed.

Retrospectively ECG-gated MSCT angiography re-
quires a relatively high radiation dose with values up to
12.8 mSv [8, 16, 22]. The standard protocol with fixed
tube current-time settings leads to an overexposure and
thus to an unnecessary high radiation exposure in pa-
tients with lower weight when compared to heavier pa-
tients.

In this study the data of group A1 was obtained 
according to a standard protocol as recommended by the
supplier [18]; thus, image noise was expected to be cor-
related to the individual biometrical parameters [26].

As shown in Table 3 the linear fits of image noise vs
the patients weight and the BMI are showing non-zero
slopes in group A1 indicating a correlation, whereas no
correlation could be found for height. As expected, the
slopes for BMI and weight are positive (Figs. 3, 5) indi-
cating growing noise levels for increasing patient weight
and BMI. Since radiation dose and therefore the image
noise level was chosen to be diagnostically sufficient for
heavier patients, this led to a relative overexposure of
low-weighted patients. In theory this could be corrected
by introducing BMI or weight-adapted tube current-time
settings; the latter was successfully established for CT of
the chest and the abdomen [11, 13]. As BMI depends on
two parameters (weight and height), weight-adapted tube
current-time settings were used for this study to keep the
correction directive as simple as possible.

By adding artificial image noise to the data as in
group A2 (patient weight in kilograms multiplied by 
four in milliampere seconds) the image quality was un-
impaired without any examination rated as poor (score 
of 4) or non-diagnostic (score of 5). Judged by the mean
signal level and image noise the quality of the images
dropped only slightly with a constant signal level but
higher image noise.

The slopes of the linear fits for noise vs weight de-
creased to nearly zero indicating an improved dose dis-
tribution within the patient group A2. This was verified
with a t test for a slope of zero where the patients weight
and image noise were decoupled so that there was 
neither an overexposure for patients with low weight nor
an underexposure of heavy patients. Regarding the linear
adaptation a slope of zero indicating a balanced image
noise can be judged as optimal; thus, the simulated dose
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Fig. 6 Linear fit for BMI in the ascending aorta in group B
(a=0.51±0.22 HU/kg m−2, b=11.46 HU with a=slope and b=inter-
section with the y-axis)

Table 3 Slope and standard deviation of the linear fits for weight,
height and BMI were measured for the aorta and the pulmonary
trunk. The slope is decreasing from group A1 over A2 to group B
for weight. Slope for height is increasing from group A1 to A2 and
from group A1 to B. Being a function of weight the slope of 
the BMI is decreasing from group A1 to B. This decrease is par-
tially compensated by the rising influence of patients height, so
that image noise is still depending on BMI in the weight-adapted
group B

Aorta
Slope of: Weight Height BMI
Group A1 0.165±0.071 −0.137±0.117 0.702±0.188
Group A2 0.106±0.092 −0.261±0.133 0.686±0.247
Group B 0.043±0.105 −0.196±0.096 0.506±0.223

Pulmonary trunk
Slope of: Weight Height BMI
Group A1 0.158±0.064 −0.116±0.107 0.655±0.169
Group A2 0.080±0.095 −0.271±0.135 0.625±0.259
Group B 0.007±0.098 −0.190±0.089 0.411±0.214

Table 4 t test against slope 0 in the different linear fits. There is a
good agreement of the results between the aorta and the pulmona-
ry trunk. Forp values <0.05 a statistically significant dependency
between noise and weight, height or BMI was assumed. In con-
trast to group A1, noise is independent of patients weight in group
A2 and B. This is due to the individual weight-adapted reduction
of tube current. Noise remains dependent on BMI as being a func-
tion of weight and height

Aorta Pulmonary trunk

Weight Height BMI Weight Height BMI

Group A1 0.030 0.250 0.001 0.020 0.290 0.001
Group A2 0.260 0.060 0.010 0.400 0.060 0.020
Group B 0.680 0.050 0.030 0.940 0.040 0.070
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reduction (group A2) with current-time settings equal to
patients weight multiplied by four in milliampere sec-
onds showed an optimised dose usage when compared 
to the standard scan protocol (group A1); however, it has
to be kept in mind that the dose settings and the hereby
obtained results are only valid for our particular CT
scanner. But it can be assumed that the approach is trans-
ferable to other CT scanners.

Applying weight-adapted tube current-time settings to
group B led to a smaller but similar increase in image
noise (12% in the aorta and 17% in the pulmonary trunk)
compared to group A2 while preserving a constant signal
level. The mean values of the assessed diagnostic quality
for the three groups were nearly equivalent and well
within each others standard deviation. The constant high
image quality was opposed to a considerable decrease of
the applied radiation dose.

The effective radiation dose was reduced by 17.9%
in men and 26.3% in women with a maximum of 46% in
a single female patient. The mammary gland which is
highly sensitive to radiation exposure, lies within the
scan range and is considered in the calculation of the 
effective dose; therefore, any dose reduction will be
even more effective in women when compared with
men.

True to the simulation the linear fit of image noise
and weight in group B showed a slope of nearly zero
(p>0.68) indicating an optimised dose distribution in this

patient group; hence, the weight-adapted protocol is a
practical and easy-to-handle directive for use in clinical
routine.

Furthermore, weight-adapted imaging can be com-
bined with other dose-reduction techniques such as
ECG-controlled tube current modulation [10, 16]. Both
techniques represent different approaches for dose reduc-
tion and do not interfere with each other. ECG-controlled
tube-current modulation reduces the tube current during
the systole while only diastolic images are typically used
for image analysis, leading to a dose reduction of up to
48% [10] and 44%, respectively [16]; thus, ECG-con-
trolled tube-current modulation is well suited for a com-
bined use with individual weight-adapted current-time
settings which reduce radiation dose during the entire
cardiac cycle. The combined use of these techniques
would lead to a further reduction of patient radiation ex-
posure and is therefore recommended.

Conclusion

The applied weight-adapted examination protocol reduc-
es the radiation dose by an average of 21% for all pa-
tients without a decrease of image quality or a relevant
increase in image noise. This technique is easy to handle
and can therefore be recommended for use in clinical
routine.
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