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Background: Increased vessel contrast in low-keV virtual monoenergetic images (VMI) in spectral 
detector CT angiography of the head and neck requires adaption of window settings. Aim of this study was 
to define generally applicable window settings of low-keV VMI.
Methods: Two radiologists determined ideal subjective window settings for VMI40–70 keV in  
54 patients. To obtain generally applicable window settings, center and width values were modeled against 
the attenuation of the internal carotid artery (HUICA). This modeling was performed with and without 
respect to keV. Subsequently, image quality of VMI40–70 keV was assessed using the model-based determined 
window settings.
Results: With decreasing keV values, HUICA increased significantly in comparison to conventional images 
(CI) (P<0.05 for 40–60 keV). No significant differences between modelled and individually recorded window 
settings were found confirming validity of the obtained models (P values: 0.2–1.0). However, modelling with 
respect to keV was marginally less precise. 
Conclusions: Window settings of low-keV VMI can be semi-automatically determined in dependency of 
the ICA attenuation in spectral detector CTA of the head and neck. The reported models are a promising 
tool to leverage the improved image quality of these images in clinical routine.
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Introduction

Imaging of the cervical and cerebral arteries can be 
performed using sonography, computed tomography 
(CT), magnetic resonance imaging (MRI) as well as 
digital subtraction angiography (DSA) (1). Magnetic 
resonance angiography (MRA) and computed tomography 
angiography (CTA) are often performed prior to DSA 
due to faster acquisition times and a lower required level 
of expenditure (1,2). Yet, in most guidelines and centers, 
CTA is suggested to primarily evaluate occluded vessels, 
atherosclerotic plaques or vascular malformations (3,4).

Dual-Energy CT (DECT) allows reconstruction of 
virtual monoenergetic images (VMI), which are known to 
improve image quality and increase diagnostic accuracy 
at low-keV levels compared to conventional images (CI) 
(5-9). In contrast to other DECT approaches, dual-layer 
detector CT, also referred to as spectral-detector CT 
(SDCT), allows for separate registration of high-energy 
and low-energy photons fully matched in terms of time 
and location (10,11). Further, reconstruction of VMI is 
available retrospectively, as DECT information is acquired 
with every scan (10,12).

In neuroimaging, low-keV VMI reconstructed from 
DECT have been found to provide an increased contrast-
to-noise ratio of soft tissue and vessels (5,6,13-15). 
Particularly, the iodine-associated attenuation is boosted in 
low-keV VMI; however, this boost may result in blooming 
of vessels which hampers diagnostic assessment. Therefore, 
most studies recommend adjustment of window settings 
when interpreting VMI (10,16-21). Yet, this required 
modification of window settings is tedious and time 
consuming possibly limiting the clinical utilization of these 
images in routine. Hence, the purpose of this study was to 
determine generally applicable window settings of different 
keV VMI reconstructed from SDCT-angiography of the 
head and neck.

Methods

Patient selection

This study was approved by the institutional review 
board. Written informed consent was waived due to 
the retrospective character of the study. All procedures 
performed in studies involving human participants were 
in accordance with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical standards.  
54 consecutive patients were identified, who were referred 

for SDCT-derived CTA of the head and neck between July 
2017 and June 2018. Inclusion criteria encompassed the 
following:

(I)	 Patient age ≥18 years;
(II)	 Automated contrast agent injection; 
(III)	 Using a standardized scanning protocol as specified 

below. 
Eight patients were excluded, all due to deviations from 

the standard scanning protocol. All scans were performed 
based on clinical indications; no scan was performed solely 
for the purpose of this study.

Imaging protocols

All scans were performed using a SDCT (IQon Spectral 
Detector CT, Philips Healthcare, Best, the Netherlands). 
Patients were examined in a supine, head-first position. 
Detailed scan parameters are reported in Table 1. 

80 mL of contrast agent were administered (Accupaque 
350, GE Healthcare, Little Chalfont, UK) followed by a  
30 mL saline chaser at 4.0 mL/s using an automated 
injector. Bolus tracking was used to start image acquisition 
by placing a region of interest in the descending thoracic 
aorta and using a trigger threshold of 150 HU and a start 
delay of 5 seconds.

All images were reconstructed in axial plane in a slice 
thickness of 1 mm and an increment of 0.45 using a dedicated 
spectral image reconstruction algorithm with a constant 
kernel (Spectral, Filter B, Philips Healthcare, Best, the 
Netherlands). VMI were reconstructed in the range of 40– 
70 keV using a 10-keV increment. We refrained from 
including higher keV VMI as iodine-boost and hence vessel 
contrast are known to decrease with increasing energy level (6,22).

Objective image analysis

Previous studies highlighted the importance of the 
attenuation of the vessel in question to determine optimal 
window width and center in CTA (10,18,23). In line with 
these, one radiologist (four years of experience) placed ROI 
in the internal carotid artery (ICA) on CI and attenuation 
within the vessel was recorded (HUICA). ROI were then 
copied to VMI at 40, 50, 60 and 70 keV, to warrant constant 
size and location. Again, attenuation was recorded. The 
ROI were placed in the enhanced lumen of the vessels 
and drawn as large as possible; however, inclusion of other 
structures such as the vessel wall or atherosclerotic plaques 
was avoided. 
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Subjective determination of optimal window settings 

Two subspeciality-trained radiologists with four and six years 
of experience in neuroradiological imaging, which were not 
involved in objective analysis independently determined 
optimal window settings allowing for optimal image quality 
for assessment of cervical and cerebral vessels in all patients 
and reconstructions under standardized reading conditions. 
Image width (W) and center (C) were adjusted and recorded 
for every keV level from 40–70 keV in 10 keV increments. 

Linear modeling to determine optimal window settings 

To obtain generalizable models, the recorded C/W were 
modeled in dependency of attenuation measured in the 
internal carotid artery (HUICA). This resulted in a total 
of 432 value pairs for each, center and width (2 readers × 
4 keV-levels × 54 patients). Adopted from earlier studies 
(10,20), we used two different modelling strategies. In 
approach 1 two linear equations (for center and width, 
respectively) were created by plotting all value pairs against 
HUICA regardless of the reconstruction level. In approach 
2, the recorded center and width were plotted separately 
against HUICA for each keV level separately, resulting 
in 2 linear equations for all four keV levels. Taking the 
corresponding HUICA, equations were used to predict 
generalizable window settings for all reconstructions (C1/

W1 respectively C2/W2). These were then compared to 
individually determined window settings to confirm the 
validity of the models numerically.

Subjective analysis

To demonstrate utility of semi-automatically obtained 
window settings, CI and 40–70 keV VMI of all patients were 
each rated by two radiologists independently. Here, window 
settings were adjusted according to approach 2. Readers were 
blinded with respect to the keV-level and patient data. All 
readings were conducted in a random order. Reconstructions 
were ranked from 1–5 (1 being the most appropriate/best 
reconstruction) regarding vessel contrast, vessel delineation, 
diagnostic confidence regarding vessel assessment, subjective 
image noise and overall image quality.

Statistical analyses

Interval scaled data are reported as mean and standard 
deviation, ordinal scaled data as median and range. After 
rejection of normal distribution by Shapiro-Wilk test, 
further analysis was performed using Wilcoxon test 
with Steel-Dwass correction for multiple comparisons. 
Interreader variability was evaluated using the intraclass 
correlation coefficient (ICC). ICC interpretation was as 
follows: excellent agreement (ICC >0.8), good agreement 
(ICC >0.6), moderate agreement (ICC >0.4), and poor 
agreement (ICC ≤0.4). P values ≤0.05 were considered 
significant. Statistical analysis was performed using JMP 
Software (v14, SAS Institute, Cary, USA).

Results

Of all 54 patients, 30 patients were female while 24 were 
male. Mean age was 66.9±17.9 years. 

Objective image analysis

Mean attenuation within the ICA was 377.8 ± 69.4 HU in CI, 
and showed a continuous increase in VMI from 40–70 keV, 
leading to significantly higher HU at 40–60 keV as compared 
to CI (1106.1±224.9 HU/721.0±143.5 HU/494.5±95.7 HU, 
P<0.05 for each, Figure 1).

Subjective determination of optimal window settings 

In comparison to the reference display settings 170/600 

Table 1 Detailed scan parameters of CT-Angiography

Parameter Data

Scan parameter

Tube voltage (kVp) 120

Tube current time product (mAs) 180

Rotation time (seconds) 0.5

Collimation (mm) 64×0.625

Matrix 512×512

Contrast agent

Amount of contrast agent (milliliter) 80

Trigger threshold in the thoracic aorta (HU) 150

Delay (seconds) 5

Reconstruction

Slice thickness (mm) 1

Increment 0.45
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(C/W) for CI of CTA, window settings were altered in all 
reconstructions by both radiologists. ICC between both 
radiologists was good to excellent (width: 0.92, center: 0.79). 
Widest window center and width were found in 40 keV 
VMI (Table 2).

Linear modeling to determine optimal window settings 

Approach 1, which modeled center and width against 
HUICA

 irrespective of the keV-level, showed excellent 
correlations between HUICA and center as well as between 
HUICA and width (R2=0.81 and R2=0.87). Approach 2, which 
modeled center and width against HUICA with respect to the 
corresponding reconstruction, showed poor to moderate 
correlations for center and moderate to good correlations 
for width (R2=0.21–0.52 and R2=0.47–0.62). Linear 
equations of approach 1 and 2 were used to calculate C1/W1 

and C2/W2 respectively. 
As compared to the individually determined window 

settings, no statistically significant differences were found 
in neither approach 1 nor 2 (P values 0.2–1; Figures 2,3). 
Figures 2,3 depict low-keV VMI in default tissue window 
settings and adjusted window settings according to approach 2.

Subjective analysis

Low-keV VMI at 40 and 50 keV were more frequently 
ranked higher in comparison to 60 keV, 70 keV and CI 
regarding vessel contrast and vessel delineation (Figure 4).  
Regarding diagnostic confidence for vessel assessment, 
40 keV received most frequent the highest ranking 
in comparison to all other reconstructions. Equally, 
both readers ranked 40 keV most frequent as the best 
reconstruction concerning subjective image noise and 
overall image quality (Figure 4). 

Discussion

This study investigated model-based, semiautomatic 
determination of optimal window settings for assessing 
low-keV VMI reconstructed from SDCT-derived CTA 
of the head and neck and aimed to provide corresponding 
reference settings for center and width. 

Analogous to previous studies, we found a significantly 
increasing attenuation within the ICA with decreasing 
energy levels of VMI (5,6,24). This contrast increase results 
from the proximity of low-keV VMI to the k-edge of 
iodine, which is around 33 keV (5,25). Subjective results are 
in line with the objective findings and confirmed the results 
of previous studies, which highlighted the potential of an 

Figure 1 Attenuation in Hounsfield units (HU) within the 
internal carotid artery in conventional images (CI) and virtual 
monoenergetic images ranging from 40–70 keV.

Table 2 Optimal window settings and equations

Center/Width Equations P values (center/width)

Averaged 
Individual

Approach 1 Approach 2 Approach 1 Approach 2 (center/width)
Averaged 

Individual vs. 
Approach 1

Averaged 
Individual vs. 
Approach 2

40 keV 650/1509 647/1492 650/1510 Center:  
36.01+0.55×HUICA 

Width:  
110.39+1.25×HUICA

15.92+0.57×HUICA //353.42+1.05×HUICA 0.985/0.847 1,000/1.000

50 keV 433/1016 434/1011 433/1016 84.97+0.48×HUICA //270.12+1.03×HUICA 0.988/0.969 1,000/1.000

60 keV 307/725 309/728 307/725 54.50+0.51×HUICA //147.44+1.09×HUICA 0.944/0.979 1,000/1.000

70 keV 235/538 234/558 235/538 92.89+0.40×HUICA //105.88+1.25×HUICA 0.986/0.202 1,000/1.000

For every virtual monoenergetic image (VMI) level (40–70 keV) the window settings from both independent readers for the internal carotid 
artery (ICA) are averaged. Equations for approach 1 and approach 2 and corresponding predicted estimations for center/width are 
reported. All window settings were compared to the averaged window setting from both readers. No significant differences were found. 
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Figure 2 Sagittal view of the common carotid artery and the proximal external carotid artery in VMI40-keV with unadjusted window settings 
as stored within the DICOM-header (A, C: 170, W: 600) and with subjectively adjusted window settings (B, C: 2,437, W: 1,124). VMI, 
virtual monoenergetic images.

improved vessel assessment of the ICA in contrast enhanced 
scans at low-keV VMI derived from SDCT, especially in 
VMI at 40 keV (5,6). A growing body of evidence indicates 
that utilization of SDCT and DECT in general is beneficial 
in daily routine (5-10,14,18-20,24). Different studies 
underlined the need for adjustment of window settings in 
order to achieve the best diagnostic image quality in dual 
energy CT (10,16-18,20,21). D’Angelo et al. investigated 
optimal window settings for VMI of dual-source DECT 
derived CTA images of the head and neck and found ideal 
C/W values for VMI40keV within the same range as ours (26),  
indicating a generalizability of our results. However, the 
D’Angelo et al. limited their analysis to VMI40keV and 
VMI70keV, while we investigated VMI at 50 and 60 keV, also. 
To the best of our knowledge, this is the first study to focus 
on the adjustment of window settings in SDCT-derived 
CTA examinations of the head and neck.

In contrast to different previous studies, in which 
optimal window setting were solely assessed based on a 
visual assessment, we used a reader-based assessment to 
obtain a linear modelling approach which allows to estimate 
window settings semi-automatically (10,21,23). By taking 
the attenuation of the internal carotid artery (HUICA) into 
account when calculating the linear models, we aimed 
to take interindividual differences regarding the contrast 

of the ICA into account, which may be caused by the 
cardiovascular output, vessel stenosis and/or the injection 
rate of the contrast agent. 

Default window settings vary between institutions, yet 
are commonly acknowledged as a width of 600 and a center 
of 170 for CTA for the head and neck. This information is 
stored within the DICOM header of each image allowing 
for automated display. However, due to the pronounced 
increase in contrast in low-keV VMI and the resulting 
blooming particularly of iodine, these window settings are 
not applicable to low-keV imaging and for a diagnostic 
assessment they need to be adjusted. Accordingly, we found 
a significant discrepancy between default window settings 
and both subjectively determined and model-based optimal 
window settings. Approach 1, which modeled HUICA 
against all subjectively determined C/W values irrespective 
of the energy level of the reconstruction, thus providing 
valid estimations for window center and window width 
irrespective of the keV level. Approach 2, on the other 
hand, considered the energy level and provided slightly 
more accurate results. Differences obtained from approach 
1 ranged from 1–20 HU in comparison to the individually 
determined window setting. Approach 2 allowed for an 
accurate estimation of optimal window setting with almost 
no differences in as compared to individually determined 
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40 keV

50 keV

60 keV

70 keV

Figure 3 Axial images of the common carotid artery and the vertebral arteries in VMI40–70 keV with unadjusted window settings as stored 
within the DICOM-header (left column) and adjusted window settings according to approach 2 (right column). Window settings in the left 
column C: 170, W: 600. Window settings in the right column: 40 keV, C: 700, W: 1612; 50 keV, C: 467, W: 1085; 60 keV, C: 330, W: 775; 
70 keV, C: 247, W: 587.
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Figure 4 Frequency of subjective rankings regarding overall image quality and subjective image noise, assessment of vessel delineation, 
vessel contrast as well as diagnostic confidence for vessel assessment in the internal carotid artery at different low-keV virtual monoenergetic 
images (VMI40–70 keV) and conventional images.
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window settings (range: 1 HU). After all, either differences 
were not found to reach significance as compared to 
individually determined settings. Therefore, a reliable 
calculation of optimal window settings using the proposed 
linear model with regard to HUICA seems feasible. Although 
window center and width can be adjusted in real time in 
daily radiological routine, a free-handed adjustment of 
window settings is likely time-consuming and may limit the 
actual usage of low-keV VMI, whose image quality has been 
reported to be superior compared to CI reconstructions 
(5-7,15). Therefore, we suggest embedding the herewith 
provided window settings into the DICOM header of 
VMI. For the DECT and scan protocol used in this study, 
individualized values are suggested in Table 2.

Beside the retrospective study design, this study is limited 
in patient size. Additionally, our approaches are limited to 
similar CT-scanners and acquisition protocols. We used a 
two-reader approach to identify appropriate window settings 
serving as input for modelling. Both readers showed a good 
to excellent ICC substantiating the validity of values provided 
in this study. In numerical validation, no differences between 
predicted and individually determined window settings was 
found. Thus, we did not use an additional set of readers to 
validate the models. Further, we considered HUICA the most 
important determinant of appropriate window settings. 
However, in the presence of significant atherosclerotic plaque 
additional adjustments may be necessary. Further studies 
should focus on a fully automated configuration of window 
settings to save time and facilitate an increased use of low-
keV VMI in daily clinical routine. 

In conclusion, this study defines reference values for 
window width and window center in different low-keV 
VMI from SDCT-derived CTA of the head and neck. 
The determined optimal window settings depend on the 
attenuation within the ICA. Therefore, an accurate adjustment 
of the DICOM header defaults for low-keV VMI of SDCT-
derived CTA examinations of the head and neck should be 
considered to promote the usage of VMI in clinical routine.
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