Get Clarity On Generics =) messvs

WATCH VIDEO

AJNR

Thisinformation is current as
of August 14, 2025.

Carotid CTA: Radiation Exposure and | mage
Quality with the Use of Attenuation-Based,
Automated Kilovolt Selection

A. Eller, W. Wuest, M. Kramer, M. May, A. Schmid, M.
Uder and M.M. Ldll

AINR Am J Neuroradiol 2014, 35 (2) 237-241
doi: https://doi.org/10.3174/gjnr.A3659
http://www.gjnr.org/content/35/2/237


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A3659
http://www.ajnr.org/content/35/2/237
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Carotid CTA: Radiation Exposure and Image Quality with the
Use of Attenuation-Based, Automated Kilovolt Selection

A. Eller, W. Wuest, M. Kramer, M. May, A. Schmid, M. Uder, and M.M. Lell
O=

ABSTRACT

BACKGROUND AND PURPOSE: CTA is considered the imaging modality of choice in evaluating the supraaortic vessels in many institu-
tions, but radiation exposure remains a matter of concern. The objective of the study was to evaluate a fully automated, attenuation-
based kilovolt selection algorithmin carotid CTA in respect to radiation dose and image quality compared with a standard 120-kV protocol.

MATERIALS AND METHODS: Ninety-eight patients were included: 53 examinations (patient age, 66 * 12 years) were performed by use of
automated adaption of tube potential (80140 kV) on the basis of the attenuation profile of the scout scan (study group), and 45
examinations (patient age, 67 = 11 years) were performed by use of a standard 120-kV protocol (control group). CT dose index volume and
dose-length product were recorded from the examination protocol. Image quality was assessed by ROl measurements and calculations of
SNR and contrast-to-noise ratio. Subjective image quality was evaluated by 2 observers with the use of a 4-point scale (3, excellent; 0, not
diagnostic).

RESULTS: Subjective image quality was rated as “excellent” or “good” in all examinations (study group, 2.8; control group, 2.8). The
algorithm automatically selected 100 kV in 47% and 80 kV in 34%;120 kV was retained in19%. An elevation to 140 kV did not occur. Compared
with the control group, overall CT dose index volume reduction was 33.7%; overall dose-length product reduction was 31.5%. In the
low-kilovolt scans, image noise and mean attenuation of ROIs inside the carotid arteries were significantly higher than in 120-kV scans,
resulting in a constant or increased (80-kV group) contrast-to-noise ratio.

CONCLUSIONS: The attenuation-based, kilovolt selection algorithm enables a dose reduction of >30% in carotid artery CTA while
maintaining contrast-to-noise ratio and subjective image quality at adequate levels.

ABBREVIATIONS: CTDIvol = CT dose index volume; DLP = dose-length product; HU = Hounsfield unit; CNR = contrast-to-noise ratio; BMI = body mass index

T angiography is recommended as a second-line imaging

technique in patients with extracranial carotid artery disease
after screening with Doppler sonography.' As the result of rapid
technological evolution, the number of CT examinations is still
rising,” even with the significant medical x-ray exposure™’ and
the increasing awareness of the potential risks of even relatively
low radiation doses>*— especially in usage as a screening tool” or
in serial use.® Biologic experiments have demonstrated that the
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number of DNA double-strand breaks is closely related to the
applied dose.>”

Several techniques for CT dose reduction, maintaining image
quality on a diagnostic level, became a hot topic in clinical re-
search.®'!" Automated attenuation-based tube current modula-
tion or so-called automatic exposure control techniques are
widely used.'>'> All major manufacturers provide iterative recon-
struction algorithms, which are fast enough to be used in clinical
practice and aim to compensate the increased image noise of low-
dose CTA scans.'®"?

Besides minimizing tube current, the reduction of the tube
voltage is a potent option to reduce radiation dose. Such low-
kilovolt protocols are used in cerebral perfusion CT in the evalu-
ation of patients with stroke'® and in pediatric CT."” In phan-
tom'® as well as in clinical studies, it has been demonstrated that
this technique can also be used in chest and abdominal imaging in
adults."*>*

Lower tube voltage in CTA results in higher noise levels on one
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hand, but the attenuation of iodine is increased®>?° on the other
hand. This relationship must be considered when trying to reduce
radiation exposure by use of low-kilovolt scanning and to main-
tain image quality.”*” The higher noise level in low-kilovolt
scans will not be completely compensated by the higher iodine
attenuation; therefore, additional adjustments of the tube current
(milliampere setting) are necessary. Optimal manual adjustment
of these parameters is complex, which prevented low-kilovolt
scanning from general use until now. New software solutions that
automatically adjust the kilovolt and milliampere setting to the
individual patient anatomy by the attenuation profile of the scout
scan may overcome this limitation.*°

In a previous study, significant dose reduction and higher at-
tenuation profiles of the carotid arteries were reported but were
limited in image quality at the level of the common carotid
zurtery.28

In the present study, we aimed to evaluate the effects on radi-
ation exposure and image quality in CTA of the carotid arteries by
use of a commercially available automated tube voltage and tube
current adaption software tool.

MATERIALS AND METHODS

Ninety-eight patients were prospectively enrolled in this institu-
tional review board—approved study and scheduled for CTA of
the carotid arteries. All examinations were performed on a 128-
section CT scanner (Somatom Definition AS+, Siemens, Erlan-
gen, Germany) equipped with an automated attenuation-based
kilovolt selection and milliampere adaption algorithm (CAREkV,
Siemens). Fifty-three examinations (mean patient age, 66 * 12
years; range, 25—83 years; 36 male and 17 female patients) were
performed by use of automated kilovolt and milliampere adap-
tion (study group); 45 examinations (mean patient age, 67 = 11;
range, 40—88 years; 30 male and 15 female patients) were per-
formed by use of a standard 120-kV protocol (control group).
Automated exposure control was used in both groups.

The scan range included the lateral ventricles to the aortic
arch. Collimation was 128 X 0.6 mm and pitch, 0.6. The image
quality level of the attenuation-based tube current modulation
algorithm (CAREdose 4D) corresponded to 140 Ref. mA at 120
kV for all scans.

After the lateral scout scan, the individual kilovolt setting was
calculated on the basis of the attenuation profile. Different set-
tings of the algorithm can be selected; we chose a setting that aims
to maintain the SNR constant and allows more aggressive dose
reduction.

Circulation time was individually calculated by use of a test
bolus injection with 10 mL of iodinated contrast medium
(Imeron 350; Bracco, Milan, Italy) at a flow rate of 5 mL/s, chased
by a 50-mL saline bolus at the same flow rate. The ROI to measure
the TTP was placed in the aortic arch. The delay of the diagnostic
scan was calculated by use of the formula TTP + 2 seconds. For
the diagnostic scan, 50 mL of iodinated contrast medium and a
50-mL saline chaser were used at the same flow rate of 5 mL/s.

Radiation Dose
Values for milliamperes, the CT dose index volume (CTDIvol,
milligray), and the dose-length product (DLP, milligray centime-
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ters) were recorded from the patient protocol for the diagnostic
scans, allowing a direct comparison of radiation dose exposure in
the study group and the control group.

Image Quality

The objective assessment of the image quality was performed on a
standard PACS workstation (Syngo Plaza, Siemens) in 3-mm im-
ages in the axial plane by use of a soft-tissue kernel. For each
examination, 2 ROIs were bilaterally placed in the carotid arteries,
in the musculature of the neck, and in the air right and left ante-
rior to the neck. Calcifications of the carotid walls were carefully
excluded in the ROI. ROIs were not placed in sections with severe
artifacts (ie, caused by dental hardware or motion).

ROI size (cm?), mean attenuation (Hounsfield Unit [HU]),
and the standard deviation (HU) were obtained for each measure-
ment. Standard deviation (HU) was considered as a measure of
image noise. SNR (mean attenuation [HU] carotid artery/stan-
dard deviation [HU]) and contrast-to-noise ratio (CNR) (mean
attenuation [HU] carotid artery—mean attenuation [HU] mus-
cle)/standard deviation [HU]) for the carotid artery were
calculated.

Subjective image quality assessment of all examinations was
evaluated by means of a 4-grade scale (3, excellent; 2, good; 1,
moderate; 0, not diagnostic). Artifacts (beam-hardening, wind-
mill artifacts, etc) were grouped into 4 classes (3, no artifacts; 2,
mild artifacts not affecting diagnostic value; 1, artifacts affecting
diagnostic value; 0, strong artifacts, not diagnostic). Metal arti-
facts (caused by dental hardware) were not considered. The same
evaluation system was used for the control group.

Image quality and the presence of artifacts were independently
evaluated by 2 observers (both with more than 4 years of experi-
ence in CTA).

Statistical Analyses
Descriptive statistics were performed (SPSS 15.0, IBM, Armonk,
New York). A Student t test was performed for dose assessment
after testing for normal distribution of the data, and the Mann-
Whitney U rank test was performed to evaluate the subjective
image quality scores. A P value of <.05 was considered to be
statistically significant.

Cohen k was used to assess interobserver agreement in rating
image quality and artifacts.

RESULTS

Automated kilovolt selection was successfully applied in all exam-
inations without any user interaction or delay, thus not interfer-
ing with the clinical workflow. In the study group, in 10 (18.8%)
patients, 120 kV was maintained; in 25 (47.2%) cases, 100 kV was
used; and in 18 (34%) cases, 80 kV was used. No case was elevated
to 140 kV.

Overall CTDI reduction was 33.7%: 55.8% in 80-kV and
31.6% in 100-kV examinations. In the 10 examinations of the
study group scanned at 120 kV, the CTDI was 2.1% higher than in
the control group.

Overall DLP reduction was 31.5%: 54% in the 80-kV group
and 29.7% in the 100-kV group. In the 120-kV group, the DLP
was 0.6% higher than in the control group.



Table 1: Dose parameters

In the control group, diagnostic find-

Control ings included 37 with >70% stenosis or

Group 80 kv 100 kv 120 kv Study Group  Group (120 kV) occlusion (41.1%; 19 right, 18 left) of the
n 18 25 10 53 45 internal carotid arteries; 10 (11.1%; 3
kv 80 100 120 71 120 right, 7 left) with stenosis between 50—
Reference mAs 210 145 140 166 = 32 140 70%: and in 43 47.8%: 23 right. 20
Effective mAs 224 + 14 165+22 144+ 181+ 37 W+9 %; and in 43 cases (47.8%; 23 right,
CTDIvol, mGy® 42 + 0.3 65+09° 97+07 63+272 95+ 0.6 left), <50% stenosis or no stenosis. Severe
DLP, mGy cm®  134.5 +19.6 2087 =40 299.5+ 549 200.6 = 69.4*  292.8 = 46.2 calcified plaques of the carotid bifurca-

Note:—The Reference mAs are automatically adapted to match the image quality level of 140 mA at 120 kV.

2P <.05.
® CTDIvol and DLP referenced to 32-cm phantom.

Table 2: Results of ROl measurements

tion occurred in 53.3%.

Examples of the different kilovolt
groups, comparing examinations by use
of 80, 100, and 120 kV in the axial plane

Study Group Control and sagittal maximum intension projec-
Group 80 kv 100 kv 120 kV Complete  Group (120 kV) . c e
tions are shown in Fig 1.
n 18 24 10 45
ROl carotid Mean 4884 =933% 3409 +738°  243%£832° 3725121 2939 +58
SD 127 +28 21+272 7.9 31 15 +3.3° 88+18 DISCUSSION
SNR 401+123 299 +94 B7=EB 341+18 352+ 17 CTA is frequently used in the evaluation
CNR 349+ 15 244 +89 25+ 127 281 %115 283 +109 ¢ d 29 andi
ROImuscle Mean — 614+78  622+1.2 614+98 618+97 589 * 63 ol carofid artery stenosis™ and is meant to
sD 97 +27° 96+ 28 65+24 91+29° 67 +14 be the reference standard.’® Anzidei et
RO air Mean —10002+18* —9991+22 —9992+13  —9995+2 —9987 +22 al®! reported that CTA was the most accu-
D 62+19° 65+22° 41+13 59 +21 46+1

rate technique for evaluating carotid ste-

Note:—Values correspond to Hounsfield units.
2P <.05.

Table 3: Results of the subjective image quality assessment

Control
Study Group

Group 80 kV 100kV 120 kV Group (120 kV)
n 18 25 10 53 45
Grade 3, excellent 14/15  17/15  10/9  41/39  37/38
Grade 2, good 4/3  8/10 0/1  12/14 8/7
Grade 1, diagnostic 0 0 0 0 0
Grade 0, not diagnostic 0 0 0 0 0
Average 2.8 2.6% 29 2.8 2.8

Note:—Counts are given for both observers (observer 1/observer 2).
2P <.05.

Dose Evaluation
Dose evaluations specified for the different kilovolt groups are
given in Table 1.

All CTA examinations were of high quality and fully diagnos-
tic; no examination of the study group or control group was clas-
sified as “moderate” or “not diagnostic.” Mild beam-hardening
artifacts, none of which affected diagnostic values, were found in
all examinations in some sections (usually at the shoulder level)
independent of the kilovolt setting, but all artifacts were classified
as mild (grade 2) and were not exaggerated by use of the low-
kilovolt technique.

CTA studies performed at 80 kV had quality scores similar to
those in studies from the control group (120 kV). Interobserver
agreement was substantial in the study group (k = 0.695) and
moderate in the control group (k = 0.6).

The results for the objective image quality assessment by use of
ROI measurements are given in Table 2; those for subjective im-
age quality are given in Table 3.

In the study group, diagnostic findings included 24 with >70%
stenosis or occlusion (22.6%s; 13 right, 11 left) of the internal carotid
arteries; 16 (15.1%; 9 right, 7 left) with stenosis between 50—70%; and
in 66 (62.3%; 31 right, 35 left), stenosis <50% or no stenosis. Severe
calcified plaques of the carotid bifurcation occurred in 52.8%.

nosis in a large study group (n = 170 pa-

tients), with a slightly better performance
than MRA (97% versus 95% for steady-state MRA and 92% for
first-pass MRA) and a greater accuracy than color Doppler ultra-
sonography (97% versus 76%). Although patients scheduled for
carotid artery imaging are predominantly in the higher age group
and radiation exposure is thought to be less critical, the ALARA
(as low as reasonably achievable) concept should still be followed,
and a variety of dose-reduction techniques in CT imaging have
become available in recent years.”>> There are abundant data
that the low-kilovolt technique can significantly reduce radiation
exposure and maintain image quality; however, until now, it is
still not often used in clinical routine.

The main reason that most CT examinations including CTA
are still performed with the 120-kV setting is that many users are
not familiar with the required tube current adaption when scan-
ning at low kilovolts. This adaption is important to keep the image
noise level within an appropriate range. Elevating the tube cur-
rent, on the other hand, limits or reverses the dose-reduction
potential; therefore, scanning at 80 or 100 kV in every patient is
not reasonable.

The software under evaluation is fully integrated in the scan
protocols, tailoring the kilovolt and milliampere settings to the
respective examination situation and individual patient anatomy.
No further user interaction is required. In most (81.2%), adap-
tions allowed overall dose reduction. The predefined image qual-
ity level (120 kV, 140 mA) was kept constant throughout the study
and the control group. Objective image quality was comparably
high, with no significant differences between the study group and
the control group, though a significant reduction in dose (overall
CTDIvol reduction in the study group, 33.7%) was achieved.
CTDIvol reduction was 55.8% in the examinations at 80 kV and
31.6% at 100 kV.

The noise measurements revealed significantly increased im-
age noise levels in the 80-kV and 100-kV examinations but also
significantly higher iodine contrast. The CNR in the study group
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FIG 1. Examples of the different kilovolt groups. Comparison of examinations by use of 80, 100, and 120 kV in the axial plane and sagittal
maximum intension projections.

and the control group was comparable; in the 80-kV group, CNR
increased. To compensate for the different image contrasts, the
window-level setting also must be adapted. This is of special im-
portance to differentiate calcified plaque from luminal contrast
and to restore the familiar image aspect in low-kilovolt images,
but this step can also be performed automatically by the software.

Subjective image quality was high in all CTA examinations, with-
out any equivocal or nondiagnostic results. Image noise in the
100-kV group was similar to that at 80 kV on average, resulting in
higher SNR and CNR and higher subjective scores for 80-kV
examinations.

The fact that the HU values in the carotid arteries were signif-
icantly lower in the study group scanned at 120 kV as compared
with the control group, in which all scans were performed at 120
kV, may be attributed to the small sample size (n = 10) and pa-
tient-specific factors.>®

The algorithm is designed to provide optimal parameter adjust-
ment by the attenuation profile of the scout scan; thus, patient size is
supposed to be one of the main influencing factors. In imaging the
trunk, the body mass index (BMI) influences the kilovolt setting.*
BMI does not play that role in carotid CTA or CT of the neck, because
a short neck or elevated, muscular shoulders influence attenuation
more profoundly and do not correlate well with the BMI. In our
study cohort, patients up to a BMI of 42 (height, 185 cm; weight, 145
kg) were scanned successfully at 100 kV.

Low-kilovolt scanning is limited by tube output. If higher
pitch values are applied, the high attenuation at the level of the
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shoulders in larger persons may preclude the application of 80 kV.
Tterative reconstruction has been demonstrated to compensate
image noise in low-kilovolt scanning, maintaining high image
quality.”**” Adding iterative reconstruction techniques to
100-kV scanning may further improve dose reduction by com-
pensation of the higher image noise. We did not investigate this
option because we wanted to exclude all confounding effects from
the different techniques. Another limitation may be that we used
an aggressive setting of the algorithm, which balances image noise
and vascular enhancement but leads to decreased CNR and SNR
of tissue with less or no contrast material uptake. This makes the
success of the approach also dependent on optimal contrast tim-
ing, which can be achieved with the use of either a test bolus or a
bolus-tracking technique.

CONCLUSIONS

We demonstrated that an attenuation-based kilovolt selection
with automated milliampere adaption in CTA of the carotid ar-
teries results in a significant dose reduction while preserving im-
age quality. The significantly increased noise level of the images is
compensated by increased iodine contrast, resulting in a compa-
rably high or improved CNR. Further dose reduction might be
achieved by combining the algorithm with other dose-saving
techniques such as iterative reconstruction algorithms.
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