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Abstract
Objective To evaluate prospectively, in patients with testic-
ular cancer, the radiation dose-saving potential and image
quality of contrast-enhanced chest and abdominal CT with
automated tube potential selection.
Methods Forty consecutive patients with testicular cancer
underwent contrast-enhanced arterio-venous chest and
portal-venous abdominal CT with automated tube potential
selection (protocol B; tube potential 80–140 kVp), which is
based on the attenuation of the CT topogram. All had a first
CT at 120 kVp (protocol A) using the same 64-section CT
machine and similar settings. Image quality was assessed;
dose information (CTDIvol) was noted.
Results Image noise and attenuation in the liver and spleen
were significantly higher for protocol B (P<0.05 each),
whereas attenuation in the deltoid and erector spinae
muscles was similar. In protocol B, tube potential was
reduced to 100 kVp in 18 chest and 33 abdominal exami-
nations, and to 80 kVp in 5 abdominal CT examinations; it
increased to 140 kVp in one patient. Image quality of exami-
nations using both CT protocols was rated as diagnostic.

CTDIvol was significantly lower for protocol B compared to
protocol A (reduction by 12%, P<0.01).
Conclusion In patients with testicular cancer, radiation dose
of chest and abdominal CT can be reduced with automated
tube potential selection, while image quality is preserved.

Keywords Computed tomography . Radiation dose . Tube
potential . Testicular cancer . Image quality

Introduction

Testicular cancer is the most common tumor in young men
aged 20 to 35 years, with a 61% increase in incidence from
1973 to 2003 [1]. Most testicular cancers are germ cell
tumors (GCT), which are classified for treatment purposes
into two groups: seminoma and non-seminoma germ cell
tumors (NSGCT). Regardless of the histopathological sub-
type or stage, cure can be expected in more than 95% of
cases, even with metastatic disease at presentation [2]. Most
important factors for this high cure rate are careful staging at
the time of diagnosis as well as early treatment including
surgery and chemotherapy, either with or without radiother-
apy [3]. Lifelong cure rates are high, but since there is a risk
for relapse close surveillance remains inevitable.

Taking into consideration the potential cure and relative
young age of patients with testicular cancer, particular care
should be taken when imaging this patient population re-
garding the applied cumulative radiation dose of repetitive
chest and abdominal CT. For example for the follow-up of
seminomas treated with orchiectomy without adjuvant ther-
apy, international guidelines propose for stage I tumors at
least ten abdominal and five chest CT scans within the first
5 years. Beyond 5 years of surveillance post-treatment no
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further CT scans are recommended, except in NSGCTwith a
disseminated disease at first presentation where a surveil-
lance period of 10 years is recommended [4].

Ionizing radiation from CT imaging is assumed to in-
crease the lifetime attributable risk for developing cancer
[5]. This holds particularly true for patients undergoing
repetitive CT studies. Sodickson et al. [6] reported that
33% of their patients undergoing CT imaging in their hos-
pital had more than five lifetime CT examinations and 5% of
patients having undergone at least 22 CT examinations,
resulting in a cumulative effective radiation dose of more
than 100 mSv in 15% of the population. At this level of
radiation exposure, there is convincing epidemiologic evi-
dence of increased cancer risk [7].

Several techniques exist to reduce the radiation exposure
of chest and abdominal CT studies. The most widely applied
option is automated tube current modulation (ATCM), en-
abling the adjustment of the tube current to the attenuation
of the body region with the aim of maintaining constant
image quality [8]. Another approach is lowering of the tube
potential from the standard 120 kVp to 100 kVp or even
80 kVp, because the radiation dose roughly changes with
the square of the tube potential [9]. The downside of low
tube potential CT, however, is the nonlinear increase in
image noise, necessitating adjustment of the tube current
in order to maintain a constant image quality.

Very recently, a new algorithm was developed that auto-
matically selects the tube potential depending on the indi-
vidual patients’ attenuation profile from the CT topogram
and on the diagnostic task at hand. A preliminary study
indicated that this algorithm could lower the radiation dose
of body CT angiography studies by up to 25% as compared
to the use of a standard 120 kVp protocol, however, no
patient group was available for comparison in that study
[10]. In addition, the effect of this algorithm on standard
contrast-enhanced chest and abdominal CT has not been
investigated so far.

The purpose of this study was to assess prospectively, in
patients with testicular cancer, the radiation dose-saving
potential and image quality of follow-up chest and abdom-
inal CT when using the automated tube potential selection.
Our hypothesis was that use of the algorithm would result in
a reduction in radiation dose while image quality would be
preserved, thus being a valuable option for use in CT studies
for this indication.

Materials and methods

Study population

Between January and October 2011, 47 patients who were
referred for chest and abdominal CT in our imaging

department were screened for possible study inclusion.
Patients were included if a previous chest and abdominal
CT study, acquired at our institution, using the same CT
machine and the same reference tube current-time product
was available for comparison. Patients were excluded if
previous imaging was not performed with the standard tube
potential of 120 kVp (n01), or no previous complete chest
and abdominal CT examination was available (n06).

Further general exclusion criteria for contrast-enhanced
CT included nephropathy [defined as an estimated glomer-
ular filtration rate<60 mL/min, (n00)] untreated hyperthy-
roidism (n00), and known hypersensitivity to iodine-
containing contrast media (n00). Thus, a total of 40 patients
[mean age 38±7.8 years, age range 18–56 years; body mass
index (BMI) 25.6±3.9 kg/m2, BMI range: 18.8–39.6 kg/m2]
were finally included in the study.

Institutional review board approval was obtained, and
written informed consent was obtained from all patients.

Patient anthropomorphics

The anteroposterior and lateral diameters were measured in
each patient in both scans at the level of the pulmonary
trunk (for the chest) and at the level of the celiac trunk
(for the abdomen) by a radiologist who was not involved
in further readout. In addition, body weight and body height
were noted in each patient at the time of CT for both scans,
for calculating the BMI.

CT data acquisition

All CT studies were performed on a 64-section CT machine
(Definition AS, software package SOMARIS 7, VA40, Sie-
mens Healthcare). In each patient and in each CT protocol,
100 mL of iopromide (Ultravist 300, 300 mg/mL, Bayer)
was injected at a flow rate of 2.6 mL/s followed by 40 mL
saline solution at the same flow rate. Chest CT data acqui-
sition in a mixed arterio-venous phase was initiated using
bolus tracking with a delay of 25 s after an attenuation
threshold of 100 Hounsfield units (HU) was reached in a
region of interest (ROI) set in the descending aorta. After an
additional delay of 40 s, abdominal CT data acquisition was
started in the portal-venous phase of enhancement.

The first chest and abdominal CT scan was performed with
a fixed tube potential of 120 kVp (protocol A), whereas the
secondCTscanwas performed using automated tube potential
selection (protocol B). For both protocols, ATCM (Care-
Dose4D, Siemens) was used, with a reference tube current-
time product of 110 ref.mAs for the chest and 210 ref.mAs for
the abdomen. These reference tube current settings represent
the default settings from the vendor. The other CT parameters
were kept constant: detector collimation 32×0.6 mm; slice
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collimation 64×0.6 mm by means of a z-flying focal spot;
pitch, 1.2; and rotation time, 0.33 s.

Chest images were reconstructed using a sharp-edged
tissue convolution kernel (B60f) and abdominal images with
a medium-smooth soft tissue convolution kernel (B30f) at a
slice thickness of 2 mm and increment of 1.7 mm.

Automated tube potential selection algorithm

The automated tube potential selection algorithm (CarekV,
Siemens Healthcare) presented herein represents a software
that aims at an individual optimization of both tube potential
and tube current for each scan, based on patient attenuation
measured in the CT topogram and the selected diagnostic
task. A previous feasibility study described the method in
detail [10]. In brief, the algorithm calculates the required
tube current to reach a user-defined image quality according
to the patient’s attenuation along the z-axis obtained from
the CT topogram. If this can be achieved at a low tube
potential (e.g., 80 kVp), the scan is performed. If the re-
quired tube current at any location of the CT topogram
exceeds the system limits, the software switches to the next
higher tube potential (100, 120, or 140 kVp) and the calcu-
lation is repeated.

CT image analysis

Subjective image quality

Two independent radiologists (with 4 years of experience in
body radiology each) assessed the overall image quality on
the transverse CT images of the chest and abdomen. The CT
datasets were anonymized, randomized and the readers were
blinded to the acquisition parameters. Before beginning the
assessment, both readers were instructed on the criteria of
image grading and assessed three test cases together that
were not included in the study.

The images of protocols A and B were analyzed qualita-
tively by the two readers, by rating overall image quality using
a five-point scale: score 10excellent; score 20good; score 30
mild impairment; score 40moderate impairment, still inter-
pretable; and score 50severe impairment, nondiagnostic.

Then, the same two radiologists evaluated the visually
sharp reproduction of four anatomic structures in the chest
and abdomen each as described in the European Guidelines
on Quality Criteria for CT, using a dichotomous scale (10
good to excellent; 20moderate). Anatomic structures for the
chest were carina and lymph node area, esophagus, large
and medium sized pulmonary vessels, and lung parenchy-
ma. Anatomic structures for the abdomen were perivascular
retroperitoneal space, kidneys and proximal ureter, lymph
nodes smaller than 15 mm, and liver parenchyma and intra-
hepatic vessels [11].

The readers could individually adjust window center and
width for optimal image impression.

Objective image quality

Quantitative image analysis was performed by two other
independent and blinded radiologists (with 7 and 8 years
of experience in body radiology, respectively) not involved
in the readout described above.

Image noise was defined as the standard deviation of
attenuation measured in the air of the carina (Nchest) and in
the air ventral to the abdomen on the level of the celiac trunk
(Nabd) [12].

Attenuation was measured in the following anatomic
structures: in the right deltoid muscle (ROIDM), in liver
segment VIII (ROILSVIII), in the lower pole of the spleen
(ROIspleen), and in the left erector spinae muscle at the level
of L4 (ROIES).

In the chest, the signal-to-noise ratio (SNR) was calcu-
lated in the deltoid muscle (SNRDM0ROIDM/Nchest). In the
abdomen, we calculated the SNR in liver segment VIII
(SNRLSVIII0ROILSVIII/Nabd) and in the spleen (SNRspleen0
ROIspleen/Nabd). In addition, we calculated the SNR for the
erector spinae muscle (SNRES0ROIES/Nabd).

The contrast-to-noise ratio (CNR) was calculated in the
liver and spleen as follows: CNRLSVIII0(ROILSVIII −
ROIES)/Nabd and CNRspleen0(ROIspleen − ROIES)/Nabd.

Radiation dose estimation

The effective radiation dose delivered at chest and abdom-
inal CT was calculated applying a method proposed by the
European Working Group for Guidelines on Quality Criteria
for CT [13]. The volume CT dose index (CTDIvol) and dose-
length product (DLP) were obtained from the patient proto-
col that summarized the individual radiation exposure
parameters of each CT scan. Percentage dose reduction
was calculated as [CTDIvol (protocol A) – CTDIvol (protocol
B)] × 100/CTDIvol (protocol A). Effective radiation doses
were calculated by multiplying the DLP with the conversion
coefficient k00.014 for the chest and the coefficient k0
0.015 for the abdomen [14].

Statistical analysis

Continuous variables are expressed as means±standard
deviations (range) or as medians and ranges. Categorical
variables are expressed as frequencies or percentages. Inter-
reader agreement was assessed with Cohen’s kappa (κ)
statistics (κ>0.81: excellent agreement; κ00.61–0.80: good
agreement; κ00.41–0.60: moderate agreement; κ00.21–
0.40: fair agreement; and κ<0.20: poor agreement) for sub-
jective image quality scores and with Pearson’s correlation for
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quantitative parameters. The relationship between BMI and
automated kV selection was assessed with the Spearman rank
order correlation test. Differences in image quality scores
between protocol A and B were assessed using the Wilcoxon
signed ranks test. Mean effective tube current, attenuation,
contrast, noise, SNR, CNR, patient diameter, and radiation
dose were compared between protocol A and B using paired
samples t-tests or the Wilcoxon signed ranks test, depending
on normality testing with the Kolmogorov-Smirnov test.

All statistical analyses were performed using commer-
cially available software (SPSS, release 19, Chicago, Il.).
Two-sided P-values<0.05 were considered to be statistically
significant.

Results

Patients

All 40 patients had histologically proven GCT of the
testis, including 27/40 (67.5%) pure seminoma and 13/
40 (32.5%) mixed embryonal carcinoma, teratoma, and
seminoma. Out of the 27 seminomas, 22 (81%) were stage
I, 4 (15%) were stage II, and 1 (4%) was stage III. Of the
mixed carcinomas, 8 of 13 (62%) were stage I, 3 (23%)
were stage II, and 2 (15%) were stage III tumors. All
patients with stage II and III tumors received chemother-
apy after orchiectomy except one patient (stage II) who
refused adjuvant therapy. Eighteen of 30 (60%) patients
with stage I tumors received chemotherapy after surgery.
There were two mixed tumors that relapsed but were
successfully treated with chemotherapy. Both of these
patients had no adjuvant therapy.

The median time interval for all 40 patients between
orchiectomy and protocol B was 797 days (mean 953±
629 days, range 78–2,657 days). In this time interval, a total
of 137 chest and 145 abdominal CT scans were performed
on these 40 patients, resulting in an average of 3.4±1.8
(median 3, range 1–9) chest and 3.6±1.9 (median 4, range
1–9) abdominal CT scans per patient.

Patient anthropomorphics

Protocols A and B were performed within a median time
interval of 365 days (mean 422±338 days, range 53–
1,112 days). There were no significant differences in patient
size between the two protocols for the anteroposterior (pro-
tocol A: 22.8±2.2 cm vs. protocol B: 22.8±2.2 cm; P00.98)
and the lateral diameter (A: 38.7±2.6 cm vs. B: 38.8±
2.5 cm; P00.64) of the chest. There were also no significant
differences between protocols in patient size for the ante-
roposterior (protocol A: 22.8±3.6 cm vs. protocol B: 23.0±
4.0 cm; P00.48) and lateral diameter (protocol A: 33.1±

4.1 cm vs. protocol B: 33.6±3.9 cm; P00.15) of the
abdomen. The same holds true for the BMI of the patients,
which were similar between protocols (protocol A: 25.3±
4.0 kg/m2 vs. protocol B: 25.6±3.9 kg/m2, range 18.8–
39.6 kg/m2; P00.54).

A significant correlation was found between the lateral
and the anteroposterior diameter of the thorax and the auto-
mated kVp selection for chest CT (r00.61, P<0.001 and
r00.33, P<0.05, respectively). Similarly, significant corre-
lations were found between the anteroposterior and lateral
diameter of the abdomen with the automated kVp selection
for abdominal CT (r00.60, P<0.001 and r00.54, P<0.001,
respectively).

Also, a significant correlation was found between the
BMI and the automated kVp selection for the chest (r0
0.48, P<0.001) and for the abdomen (r00.39, P<0.05)
(Fig. 3).

CT image analysis

Subjective image quality

The mean image quality score for reader 1 was 1.53±0.64
(range score 1–3) in protocol A and 1.58±0.71 (range score
1–3) in protocol B (P00.64) (Fig. 1). The mean image
quality score for reader 2 was 1.65±0.73 in protocol A
and 1.73±0.75 in protocol B (P00.50). None of the readers
rated image quality with score 4 (moderate impairment) or
score 5 (severe impairment, nondiagnostic). The interob-
server agreement was good for both protocols (A; κ00.76)
and (B; κ00.78).

Visually sharp reproductions of the liver parenchyma and
intrahepatic vessels were rated insufficient in one image set
from protocol B by both readers (Fig. 2). Both readers rated
all other anatomic structures in the chest and abdomen in
both scans as being visually sharp reproductions.

Objective image quality

Objective image quality parameters for protocols A and B
showed a high correlation between readers (all r>0.81).
Therefore, the mean from both readers was used for further
analysis.

Image noise was significantly higher in protocol B as
compared to protocol A for the chest and the abdomen. The
attenuation was significantly higher for protocol B com-
pared to protocol A for the liver and spleen, whereas atten-
uation was similar in the deltoid and erector spinae muscles
(Table 1).

There was no significant difference in SNR for the liver
(P00.06) and spleen (P00.07) between protocols. For mus-
cle tissue the SNR was significantly higher in protocol A
compared to protocol B (P<0.05, see Table 1).
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Similar to the SNR, there was no significant difference in
the CNR in the liver (P00.66) and spleen (P00.11, see
Table 1) between protocols.

Radiation dose estimation

For chest CT, automated tube potential selection (protocol
B) led to a reduction to 100 kVp in 18/40 (45.0%) patients,
whereas tube potential remained at 120 kVp in 21/40
(52.5%). In one patient (2.5%) tube potential increased to
140 kVp.

For abdominal CT, automated tube potential selection
(protocol B) led to a reduction to 80 kVp in 5/40 (12.5%)
and to 100 kVp in 34/40 (85%) patients, whereas in 1
patient (2.5%) tube potential increased to 140 kVp (the same
patient in whom tube potential increased for chest CT).
Using the algorithm, no patient’s abdomen was scanned at
a tube potential of 120 kVp.

Effective mAs was significantly higher in protocol B
(chest: 143.1±18.4 eff.mAs, abdomen: 308.4±71.3 eff.mAs)
compared to protocol A (chest: 136.4±26.5 eff.mAs, P<
0.001; abdomen: 206.2±55.3 eff.mAs, P<0.001).

CTDIvol and DLP were significantly lower for protocol B
(chest: 8.6±2.8 mGy, 324.9±100.8 mGy·cm; abdomen:
13.0±4.8 mGy, 636.9±260.5 mGy·cm) compared to proto-
col A (chest: 9.8±1.8 mGy, 379.5±64.4 mGy·cm; abdomen:
14.8±3.8 mGy, 759.6±223.8 mGy·cm; each P<0.01). The
percentage dose reduction for both chest CT and abdominal
CT was 12% on average. When including only those
patients in whom the automated tube potential selection
reduced the kVp, average radiation dose reduction was
44% for chest and 17% for abdominal CT (see Table 2).

Using the conversion coefficients for the chest and abdo-
men, estimated effective radiation dose with use of automated
tube potential selection for chest CT was 4.9 mSv, and esti-
mated effective radiation dose for abdominal CTwas 9.6 mSv.

Fig. 1 Arterio-venous chest and portal-venous abdominal CT images
in a 42-year-old male patient with a testicular seminoma scanned at
120 kVp (99 eff.mAs) for the chest (a) and 120 kVp (132 eff.mAs) for
the abdomen (c), as compared to 100 kVp (131 eff.mAs) for the chest

(b) and 80 kVp (405 eff.mAs) for the abdomen (d) with automated
tube potential selection. Image quality of both CT studies was rated
excellent (score 1) by both readers. Radiation dose for the chest CTwas
reduced by 27% and for the abdomen by 18%
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Discussion

The increase in the total number of computed tomography
(CT) studies over the past years has raised concerns regard-
ing the collective radiation exposure burden to the popula-
tion [5]. This holds particularly true for patients undergoing
repetitive CT examinations [6]. Therefore, the radiation dose
of each individual CT study should be kept as low as
reasonably achievable (the so-called ALARA principle).
One of the routinely used options for optimizing the radia-
tion dose in CT is ATCM [8]. Another technique that can be
used for radiation dose reduction is iterative reconstruction,
which aims at a decoupling of spatial resolution and image

Fig. 2 Portal-venous abdominal CT images in a 47-year-old male
patient with testicular teratoma obtained at 120 kVp (166 eff.mAs)
(a) as compared to 100 kVp (283 eff.mAs) (b). The visually sharp
reproduction of the liver parenchyma and intrahepatic vessels in pro-
tocol B (b) was rated as moderate, in contrast to protocol A (a). Image
quality of protocol B was rated as moderately impaired (score 3) but
still diagnostic by both readers. Radiation dose for abdominal CT was
reduced by 15%
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noise [15–17]. In this study, we introduce a new option for
radiation dose reduction, i.e., automated tube potential se-
lection. This algorithm aims at an individual optimization of
tube potential in combination with tube current in each
study, based on the patient’s attenuation obtained from the
CT topogram and the diagnostic task at hand. While a
previous preliminary study suggested a potential dose re-
duction of 25% in body CT angiography studies [10], our
results demonstrate that this algorithm can also be used in
standard contrast-enhanced CT studies of the chest and
abdomen resulting in a reduction of radiation dose by 12%
for both chest and abdominal CT, while diagnostic image
quality is maintained.

Lowering of the tube potential leads to lower photon
penetration and corresponding increase in image noise.
When lowering the tube potential, tube current should be
increased to compensate for this increase in noise [18].
Previous studies employed different measures and thresh-
olds for reducing tube potential in CT angiography [19, 20].
Some authors used the patients’ BMI as a measure with a
reduction of tube potential below 25 kg/m2. Other authors
used body weight as the measure and reduced the tube
potential below 70 kg [19]. We assume that because of these
various approaches, together with the need for adjusting the
tube current accordingly, the individual and manual lower-
ing and optimizing of the tube potential is rather rarely used
in daily clinical routine. An algorithm such as the one
presented herein might represent a solution to this dilemma
by automatically selecting the tube potential based on the
individual attenuation of the patient in the topogram and the
individual diagnostic task.

Most previous studies have addressed the use of low tube
potential for CT angiography [21]. This is explained by the
fact that lowering the tube potential in body CTA has the
advantage of providing higher attenuation of iodinated con-
trast media as a result of the greater photoelectric effect and
decreased Compton scattering [22]. The nearer the tube
potential approaches the k-edge of iodine at 33 keV, the

greater the attenuation of the contrast media. As a matter of
fact, reducing the tube potential to 100 kVp or even 80 kVp
in CT angiography results in contrast-to-noise ratio levels
similar to those for 120 kVp, despite the higher image noise,
while significantly reducing radiation dose [23, 24]. Inter-
estingly, use of low tube potential for standard contrast-
enhanced CT has been the subject of only a few studies,
all focusing on the upper abdomen [25, 26]. For example
Marin and coworkers evaluated the use of low tube potential
CT in patients with malignant hypervascular liver tumors.
The authors showed an increase in image noise, while the
contrast-to-noise ratio and lesion conspicuity were higher at
a low tube potential. Most importantly, the low tube poten-
tial protocol was associated with a significantly lower effec-
tive dose [26]. In our study, we also found a higher image
noise in the chest and abdomen. In the normal liver and
spleen, attenuation was significantly higher at lower tube
potentials. In contrast, attenuation was similar in the deltoid
and erector spinae muscle between the protocols. This is
most probably explained by the iodine content in the liver
and spleen scanned in the portal-venous phase of enhance-
ment, whereas the attenuation of the muscles—being only
slightly perfused with blood and hence, iodine—remained at
a similar level. Both the SNR and the CNR were not signif-
icantly different for the 120 kVp protocol as compared to the
low tube potential protocol in the liver and spleen. Thus, it
appears that with low kVp scanning, the increase in atten-
uation in these organs matched the corresponding increase
in image mottle, similar to previous results in body CT
angiography [21]. In contrast, the lack of increase in atten-
uation in the muscles did not outweigh the increase in image
noise, leading to lower SNR in these areas. Most impor-
tantly, the overall image quality of images generated with
automated tube potential selection was rated as being diag-
nostic by both readers in all patients, including a visually
sharp reproduction of various anatomic structures in the chest
and abdomen. This is also reflected by the fact that all CT
studies could be readily used for daily routine diagnostics.

The algorithm tested herein lowered the tube potential to
100 kVp for chest CT in 45% of the patients and increased
the tube potential in one patient to 140 kVp. Tube potential
reduction was not reduced to 80 kVp for any chest CT. The
most likely explanation for that is the algorithm itself, which
requires higher tube current at lower tube potentials. When
the attenuation based on the CT-acquired digital radiograph
is high, requiring a tube current that exceeds the system
limits of the tube, the algorithm switches to the next higher
tube potential, until the required tube current can by provid-
ed. We might speculate that in our patients, the relatively
high attenuation at the level of the shoulders necessitated a
tube current that could not be provided by the tube at
80 kVp; therefore, the next higher tube potential was chosen
by the algorithm.

Table 2 Radiation dose estimates with the automated tube potential
selection algorithm (protocol B)

Protocol
B

kVp Number Mean±SD
CTDIvol (mGy)

Overall
CTDIvol (mGy)

Chest 140 1 19.18 8.65±2.83
120 21 10.0±1.72

100 18 6.3±0.51

80 0 -

Abdomen 140 1 37.54 12.96±4.82
120 0 -

100 34 12.9±2.46

80 5 8.47±0.6

CTDIvol Computed tomography dose index, SD standard deviation
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For abdominal CT, the algorithm lowered tube potential to
80 kVp in 12.5% and to 100 kVp in 85% of patients, whereas
in one patient tube potential increased to 140 kVp. The patient
in whom this increase in tube potential occurred had a BMI of
39.6 kg/m2. Interestingly, the selected tube voltage showed
significant correlations to patient anthropomorphics including
the BMI and chest and abdominal body diameters. This indi-
cates that the parameters used by the algorithm represent a
surrogate for patient habitus. Nevertheless, there was a con-
siderable overlap of these parameters and the selected kVp, as
can be seen in Fig. 3 for the BMI and patients scanned at 100
and 120 kVp for the chest, and patients scanned at 80 and
100 kVp for the abdomen. This may be explained by the fact
that automated tube potential selection is based on various
factors beyond the patient’s BMI alone, including the individ-
ual patient’s attenuation of the topogram, the body region
imaged, and the clinical task at hand.

Our study indicates that radiation dose of standard,
contrast-enhanced chest and abdominal CT studies can be
lowered by an average of 12% for the chest and 12% for the
abdomen, without losing the diagnostic quality of the ex-
amination. When including only those patients in whom the
algorithm reduced the kVp settings, radiation dose was
reduced by 44% for chest and 17% for abdominal CT. Still
this value is below the average 25% dose reduction reported
by Winklehner et al. [10] who tested the algorithm in body
CT angiography. The most probable reason for this differ-
ence is the influence of the selected diagnostic task of the
CT study, because the amount of required mAs adaptation in
case of changed kVp depends on the respective protocol
settings. In the case of a CT angiography study, a smaller
increase in the mAs is required at lower tube potentials than
in contrast-enhanced CT studies for parenchymal abdominal
organs, since those benefit less from the higher attenuation
of iodine (and therefore higher CT numbers) with lower
kVp. Because these settings were defined after selecting
the corresponding icon on the scanner interface, the radia-
tion dose reductions for standard contrast-enhanced chest
and abdominal CT were smaller than those previously
reported for CT angiography.

Still we consider this radiation dose reduction as being
relevant and fully complying with the ALARA principle.
Our potentially curable patients with testicular seminoma
were relatively young, thus more susceptible to ionizing
radiation than an older population. In addition, these
patients often undergo repetitive CT imaging for surveil-
lance purposes. In our study, the patients had undergone a
median of three chest and four abdominal CT studies
since orchiectomy, thus highlighting the issue of cumula-
tive radiation dose from repetitive CT. Most importantly,
the dose reduction algorithm presented herein can be used
as an adjunct to other dose-saving approaches such as
ATCM, as demonstrated in this study, or with iterative
reconstructions [15–17].

Some study limitations must be acknowledged. First,
the number of patients included was limited. Second, the
scans were performed at two distinct time points poten-
tially allowing other factors to play a role with regard to
image quality. However, we tried to hold as many param-
eters constant as possible, including the CT machine and
the protocol parameters (except the tube potential), and
we controlled for stable patient anthropomorphics over
time. Finally, magnetic resonance (MR) imaging would
be an alternative modality for follow-up in this patient
population to CT. However, current data on MR imaging
in these patients are limited [27], and most recent guide-
lines still propose CT as the method of choice [4].

In conclusion, our study indicates that in patients with
testicular cancer, use of an automated tube potential selection
algorithm results in diagnostic image quality, while radiation

Fig. 3 Scatter plots demonstrating the correlation between the body
mass index (BMI) and the automatically selected tube potential for
chest (r00.48; P<0.001) (a) and abdominal CT (r00.39; P<0.05) (b)
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dose is reduced by around 12% for chest and 12% for abdom-
inal CT. Thus, use of such algorithms can be recommended for
reducing the cumulative radiation doses from repetitive CT in
the relatively young and potentially curable patients.
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