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Dual-Layer Detector Head CT to Maintain Image Quality
While Reducing the Radiation Dose in Pediatric Patients

Zhengwu Tan, Lan Zhang, Xiaojie Sun, Ming Yang, Joyman Makamure, Hongying Wu, and *~'Jing Wang
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ABSTRACT

BACKGROUND AND PURPOSE: Radiation exposure in the CT diagnostic imaging process is a conspicuous concern in pediatric
patients. This study aimed to evaluate whether 60-keV virtual monoenergetic images of the pediatric cranium in dual-layer CT can
reduce the radiation dose while maintaining image quality compared with conventional images.

MATERIALS AND METHODS: One hundred six unenhanced pediatric head scans acquired by dual-layer CT were retrospectively
assessed. The patients were assigned to 2 groups of 53 and scanned with 250 and 180 mAs, respectively. Dose-length product val-
ues were retrieved, and noise, SNR, and contrast-to-noise ratio were calculated for each case. Two radiologists blinded to the
reconstruction technique used evaluated image quality on a 5-point Likert scale. Statistical assessment was performed with
ANOVA and the Wilcoxon test, adjusted for multiple comparisons.

RESULTS: Mean dose-length product values were 717.47 (SD, 41.52) mGyxcm and 520.74 (SD, 42) mGyxcm for the 250- and 180-
mAs groups, respectively. Irrespective of the radiation dose, noise was significantly lower, SNR and contrast-to-noise ratio were sig-
nificantly higher, and subjective analysis revealed significant superiority of 60-keV virtual monoenergetic images compared with
conventional images (all P <.001). SNR, contrast-to-noise ratio, and subjective evaluation in 60-keV virtual monoenergetic images
were not significantly different between the 2 scan groups (P >.05). Radiation dose parameters were significantly lower in the 180-
mAs group compared with the 250-mAs group (P < .001).

CONCLUSIONS: Dual-layer CT 60-keV virtual monoenergetic images allowed a radiation dose reduction of 28% without image-
quality loss in pediatric cranial CT.

ABBREVIATIONS: CNR = contrast-to-noise ratio; CTDl,,; = volume CT dose index; DECT = dual-energy CT; DLCT = dual-layer CT; DLP = dose-length
product; GWMA = assessment of GM-WM differentiation; PFAA = assessment of artifacts in posterior fossa; SSA = assessment of the subcalvarial space; SAl =
subcalvarial artifact index; VMI = virtual monoenergetic image

nenhanced CT of the head is the standard technique for
detecting intracranial pathologies, including trauma or intra-
cranial hemorrhage, in children in the emergency department.'
MR imaging can accurately detect traumatic complications but of-
ten requires sedation in children because of the examination

Received April 7, 2023; accepted after revision August 2.

From the Department of Radiology (Z.T., L.Z., X.S., M.Y.,J.M,, HW., .W.), Union
Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, Hubei, China; and Hubei Province Key Laboratory of Molecular Imaging (Z.T,,
LZ, XS, MY, )M, HW,, J.W.), Wuhan, Hubei, China.

This research was supported by the National Natural Science Foundation of Hubei
Province, China (No. 2021CFB447).

Please address correspondence to Jing Wang, MD, Department of Radiology,
Union Hospital, Tongji Medical College, Huazhong University of Science and
Technology, No. 1277, Jiefang Ave, Wuhan, China; e-mail: jjwinflower@126.com

= Indicates open access to non-subscribers at www.ajnr.org

E Indicates article with online supplemental data.
http://dx.doi.org/10.3174/ajnr.A7999

1212 Tan Oct 2023 www.ajnr.org

length and motion sensitivity, which limits rapid assessment; conse-
quently, CT is considered the first-line imaging technique for sus-
pected intracranial injury because of the short examination
duration and high sensitivity for acute hemorrhage.” Because CT
use in children has risen dramatically, radiation exposure from
CT scanning is of an increasing concern; indeed, pediatric patients
may receive high radiation doses and are more susceptible to radi-
ation-related malignancies than adults because of organ masses,
volumes, and morphology that are very different in children com-
pared with adults.>” Therefore, it is important to optimize the
imaging parameters to be consistent with the patient’s size. From
the patient’s perspective, the benefits of a medically required CT
scan far exceed the small increase in radiation-induced cancer
risk,® but it is always beneficial to reduce radiation exposure from
CT scanning in children. Several strategies, eg, reducing the tube
current (milliampere) and voltage (kilovolt) as well as using adapt-
ive statistical iterative reconstruction to maintain image quality
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Image-acquisition parameters, workstation, and viewing modes used for the evaluation

these encouraging results for adult head

Scanner Model 250 mAs 180 mAs imaging, this technique has not been
Scanner sequence Unenhanced image Unenhanced image validated in the pediatric population so
KVp/tube current 120/250 120/180 far.
Pitch/rotation 0.390/0.5 0.390/0.5 . .
Deteétor configuration 64 i 0.625 64 i 0.625 Therefore, this study aimed to com-
Kernel B B pare 60-keV VMIs with conventional
Soaiten dhidmess 1mm 1mm images obtained with different acquisi-
Reconstructed thickness 5mm 5mm tion protocols to evaluate whether a

Iterative reconstruction algorithm/level Spectral/level 3

Workstation IntelliSpace 9.0%

Viewing modeVMI MonoE

CT dose
DLP (mGy xcm) 717.47 (SD, 41.52)
DLP, 06 yr 711.45 (SD, 47.83)
DLP, 7-12yr 724.75 (SD, 31.80)
CTDl, (MGy) 36

reduced radiation dose can be achieved
in 60-keV VMIs without compromis-
ing image quality.

Spectral/level 3
IntelliSpace 9.0%
MonoE

520.74 (SD, 42.00)

503.76 (SD, 54.00)

531.88 (SD, 27.47)
26

MATERIALS AND METHODS
Patient Population

Note:—MonoE indicates monoenergetic.
*Philips Healthcare.

while reducing radiation, are available.”®'! However, image qual-
ity can be reduced by low signal intensity and low contrast as well
as artifacts caused mainly by movement, image superimposition
of different structures, and other factors.

Since the clinical introduction of dual-energy CT (DECT)
with rapid kilovolt switching and dual x-ray sources that acquire
2 attenuation data sets by separating energies at the tube level,
virtual monoenergetic images (VMIs) have improved soft-tissue
contrast and reduced beam-hardening artifacts.'>'> From a neu-
roimaging perspective, DECT has improved image quality and
lesion characterization while reducing radiation exposure in pedi-
atric patients.'*'> A previous study of pediatric patients reported
that 60-keV virtual monoenergetic imaging maximized image
quality for the brain parenchyma.'® A type of DECT using 2 sepa-
rate orthogonally oriented x-ray spectrum source detectors gen-
erated VMIs on the basis of high- and low-energy data sets
(typically at 80 kV[peak] and 140 kVp) from the same anatomic
region."” However, in most patients, these dual-energy systems
are operated as conventional scanners because dual-energy scan-
ning affects scanner performance, either by neutralizing or
increasing the radiation dose.'®*

Recently, a detector-based approach, referred to as spectral
detector CT, was introduced with a shorter scanning time, faster
postprocessing, and a lower radiation dose.'®?' Dual-layer CT
(DLCT) uses a single x-ray source and a detector comprising 2
scintillation layers to perform spectral separation at the detector
level using the different absorption properties of the detector
layers for high-energy and low-energy photons. The upper layer
of the detector is yttrium-based and records lower-energy pho-
tons, while the lower layer is gadolinium oxysulfide-based and
records higher-energy photons.'> Another benefit of this scan-
ning method is that the dual-energy data set is retrieved from
the conventional scan and may be used for retrospective analy-
sis. Previous data showed that the quality of GM-WM matter
contrast images can be optimized,** and VMIs from spectral de-
tector CT enabled a 19% reduction in the radiation dose in adult
cranial CT while maintaining superior image quality over con-
ventional images obtained with full-dose acquisition.”> Despite

This retrospective, single-center study
was approved by the institutional ethics
review board (Union Hospital, Tongji
Medical College, Huazhong University
of Science and Technology), who
waived the requirement for written informed consent.

A total of 148 CT brain scans were consecutively performed
in pediatric patients aged 12 years or younger between December
2020 and August 2022 with a standard DLCT protocol in our
clinical center. Fourteen patients were excluded from the analysis
for severe encephalomalacia, which makes distinguishing GM
and WM difficult (n = 8) and artifacts that reduce image quality
(eg, metal implants) (n = 6). Then, 28 patients were excluded
because of incomplete data (n = 28). Finally, 106 patients were
analyzed in this study and assigned to 2 groups according to tube
current (250 and 180 mAs); they were further divided into 2 sub-
groups according to age (6years or younger and >older than
6 years) (Online Supplemental Data).

Spectral CT Examination

CT was performed with a dual-layer detector CT scanner (IQon;
Philips Healthcare). In all selected patients, 53 scans were
obtained with a tube current-time product of 250 mAs, and the
other 53 scans, with 180 mAs. All other scan parameters were
identical (Table). Conventional images were reconstructed with a
hybrid algorithm (iDose4, Filter UB; Philips Healthcare iterative
reconstruction algorithm). Meanwhile, 60-keV VMIs were recon-
structed with a dedicated spectral image-reconstruction algo-
rithm (Spectral, Filter UB; Philips Healthcare). Denoising was set
at a minimum level (level 3 of 7) in both reconstruction
approaches. All images were reconstructed using a section thick-
ness of 1 mm and a section increment of 1 mm. The dose-length
product (DLP) and volume CT dose index (CTDI,,)) values were
recorded on the radiation dose report.

Objective Image Analysis

The 60-keV VMIs and conventional images were reviewed by an
independent radiologist (reader 1) with 2 years of experience in
head CT, and objective image analysis was performed with a pro-
prietary vendor console (Spectral Diagnostics Suite; Philips
Healthcare). The reviewers had prior training on ROI placement
and data acquisition using an independent data set by a senior
neuroradiologist. Axial images were analyzed on the brain win-
dow (width/center: 70/35 HU). For each VMI and conventional
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FIG 1. Conventional images. Placement of ROIs in cortical GM and
the thalamic parenchyma (ROIs in the black circle), in juxtacortical
WM and the posterior limb of the internal capsule (ROIs in red
circles), as well as close to the calvaria and in the medulla oblongata
(ROls in green circles) on the axial plane, showing the basal ganglia (A)
and the posterior fossa (B).

image data set, reader 1 placed 8 ROIs on a mid-basal ganglia sec-
tion in the following anatomic locations: 1) the GM of the frontal
and parietal lobes, 2) the juxtacortical WM of the frontal and pari-
etal lobes, 3) the thalamic parenchyma, 4) the posterior limb of
the internal capsule, and 5) the area near the calvaria (Fig 14). An
additional ROI was placed in the medulla oblongata (6) on the
axial plane showing the petrous parts of the temporal bones, as
well as the posterior fossa (Fig 1B). The locations and sizes of
ROIs were identical for conventional images and VMIs. As previ-
ously described, an ROI of 25 mm? was used for all regions of the
supratentorial brain versus 200 mm” for the medulla oblongata
region of the posterior fossa. Patient-to-patient size-variation
adjustment was performed to avoid volume averaging with the ad-
jacent tissues. The respective CT attenuation, with an SD, was
obtained from each ROI. Hounsfield unit values and image noise
(SD) were averaged for comparing VMI and conventional images.

SNRs for GM and WM as well as the contrast-to-noise ratio
(CNR) for GM-WM differentiation were calculated. The SNR
of GM and WM for each ROI was determined as the mean CT
attenuation divided by the SD. The difference was assessed as
the CNR between the ROI measurements of adjacent GM and
WM, as follows: CNR = Difference of Mean CT Number
between GM and WM/Square Root of the Sum of their
Variances."* The posterior fossa artifact index (the SD of the
ROI in the posterior fossa) reflected the disturbance of attenu-
ation values from beam-hardening and streak artifacts. The
subcalvarial artifact index (SAI, the SD of the ROI close to the
calvaria) served as a reference for the beam-hardening artifacts
of the skull.

Subjective Image Analysis

The subjective analysis of VMI and conventional images was per-
formed independently by 2 radiologists, readers 2 and 3, with 3
and 5years of experience in interpreting head CT scans, respec-
tively, who were blinded to the applied reconstruction and scan
techniques. Monoenergetic spectral images at 40, 50, 60, 70, 80,
90, and 100 keV were obtained during the reviewing process for
comparing them with conventional images. The subjective
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overall image quality was rated with a 5-point Likert-type scale
(I = nondiagnostic, 2 = limited, 3 = moderate, 4 = good, and
5 = excellent). Furthermore, the assessment of GM-WM matter
differentiation (GWMA) was defined as the ability to distin-
guish GM from WM (ranging from 1 [no definite differentiation
possible] to 5 [excellent differentiation]), subcalvarial space
(SSA), and posterior fossa artifacts (PFAA) (ranging from 1 [no
distinction of the subcalvarial space/absence of artifacts] to 5
[distinguished subcalvarial space as severe and diagnostically
unacceptable]).

Statistical Analysis

SPSS Version 19.0 (IBM), MedCalc Version 19.0.4 (MedCalc
Software), and GraphPad Prism Version 7.0 (GraphPad Software)
were used for data analysis. Continuous variables were expressed
as mean (SD), and categoric variables, as median and range.
According to the distribution pattern of continuous variables, the
test or Mann-Whitney U test was performed to compare objective
evaluation indices (mean CT value, SD, SNR, CNR, posterior fossa
artifact index, and SAI) between 60-keV VMIs and conventional
images. The Wilcoxon test was used to compare Likert scores.
Interrater agreement for subjective analysis was assessed using «
coefficients: = 0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate;
0.61-0.80, substantial; 0.81-1.00, near-perfect. P << .05 was consid-
ered statistically significant.

RESULTS

The mean patient age was 6.80 years (SD, 3.20 years), and female
and male children were 42 (39.62%) and 64 (60.38%), respec-
tively, for all age groups. The patients were 3.92years (SD,
1.78) years and 9.38 years (SD, 1.57) years, of whom 19 (38.00%)
and 23 (41.07%) were female children aged 6 years or younger
and older than 6years, respectively, and 31 (62.00%) and 33
(58.93%) were male children aged6years or younger and older
than 6 years, respectively.

CTDI,, values were 36 and 26 mGy, and DLPs were 717.47
(SD, 41.52) mGY xcm and 520.74 (SD, 42.00) mGY xcm in the
250- and 180-mAs groups for all age groups, respectively (Table).
The CTDI and DLP were significantly reduced by 28% and 28%,
respectively, in the 180- and 250-mAs groups. Considering the age
group (6years or younger versusolder than 6 years of age), DLP
values did not differ significantly within the 250-mAs group
(711.45 [SD, 47.83] mGY x cm versus 724.75 [SD, 31.8] mGY xcm;
P=324). However, DLP values within the 180-mAs group signifi-
cantly increased with age (503.76 [SD, 54.00] mGyxcm versus
531.88 [SD, 27.47] mGyxcm; P=.001). Additionally, no signifi-
cant differences in ROIs were found between the groups (ROIs for
supratentorial brain in the 250- and 180-mAs groups were 25.09
[SD, 0.60] mm? and 24.90 [SD, 0.43] mm?, respectively (P=.064).
ROIs for the infratentorial brain were 199.88 (SD, 2.31) mm? and
200.4 (SD, 2.82) mm?, respectively (P = .30).

Objective Analysis

In the intragroup comparison of the 180- or 250-mAs groups,
attenuation in the GM was significantly higher and attenuation in
the WM was significantly lower in the 60-keV VMI compared
with conventional images (P < .001) for all age groups, as well as



FIG 2. Representative images showing improved image quality in the supratentorial and infratentorial brain parenchyma for conventional
images and 60-keV VMIs acquired using 250 and 180 mAs. Axial reconstruction conventional image (A) and 60-keV VMI (B) for nonenhanced brain
CT scans acquired with 250 mAs in a 6-year-old girl with neuroblastoma in the retroperitoneal area. Axial reconstruction conventional image (D)
and 60-keV VMI (C) for a nonenhanced brain CT scan acquired with 180 mAs in a 6-year-old girl with exotropia in the eye. GWMA (BI, CI), SSA,
and PFAA (B2, C2) and overall image quality were better for 60-keV VMIs compared with conventional images (Al, DI, A2, and D2), respectively.
Subjective image-quality indices were similar in 60-keV VMIs between the 250-mAs (B, B2) and 180-mAs (CT, C2) groups. Window settings were

kept identical for better comparability (level, 35; width, 70).

for the 6 years and younger and older than 6-year groups (Online
Supplemental Data). Compared with conventional images, GM
noise, WM noise, and PFAA were significantly lower, and GM
SNR, WM SNR, and CNR were significantly higher in 60-keV
VMIs (P < .002), but SAI values were not significantly different
for all age groups, as well as for the 6 years and younger or older
than 6-year groups (P> .05).

No significant differences were found in GW SNR, SAI, and
CNR for 60-keV VMIs in the 250-mAs group compared with the
180-mAs group for all age groups (P=.064, P=.308, and
P=.150, respectively). GW noise, WM noise, WM SNR, SAI,
and CNR were also not significantly different between the 180-
and 250-mAs groups for both the 6 year and younger and older
than 6-year groups (P> .05). GM noise, WM noise, and PFAA
were significantly higher and WM SNR was significantly lower in
the 180-mAs group compared with the 250-mAs group for all age
groups (P=.019, P <.001, P=.001, and P < .001, respectively).
PFAA values were also significantly higher for boththe 6 year
and younger andolder than 6-year groups (P=.024 and
P =.034, respectively).

Subjective Analysis
In the intragroup comparison of both the 180- and 250-mAs
groups, the assessment of GM-WM differentiation, SSA, overall

image quality, and PFAA had superior Likert scores for 60-keV
VMIs compared with conventional images for all age groups, as
well as for the6year and younger and older than 6-year groups
(P=.013 to <.001; Online Supplemental Data and Fig 2). Specific
to 60-keV VMIs, besides PEAA that was significantly different for
the older than 6 year group (P =.001), all indexes were not signifi-
cantly different in the 250-mAs group compared with the 180-
mAs group for all age groups, as well as for the 6 year and younger
and older than 6-year groups (GM-WM differentiation, SSA, the
overall image quality, and PFAA; P=.068 to .686, P=.063 to
.283, P=.082 to .465, and P =055 to .912, respectively) (Fig 2).

Interobserver Agreement

Regarding interobserver agreement, k values were 0.707 for con-
ventional images and 0.816 for 60-keV VMIs with GWMA, 0.662
for conventional images and 0.718 for 60-keV VMIs with SSA,
0.724 for conventional images and 0.769 for 60-keV VMIs with
PFAA assessment, and 0.817 for conventional images and 0.768
for 60-keV VMIs for assessing overall diagnostic quality.

DISCUSSION

In the analysis of unenhanced brain CT images in children, by
comparing image quality between 60-keV VMIs and conven-
tional images from spectral detector CT data sets acquired with
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different radiation doses, image quality for 60-keV VMIs by
DLCT in the 180-mAs group was improved and the radiation
dose was reduced by 28% compared with the 250-mAs group
based on DLP in cranial CT.

In 60-keV VMIs, significantly higher attenuation in the GM
and significantly lower attenuation in the WM were found for the
same radiation dose. On the other hand, image noise was signifi-
cantly lower in 60-keV VMIs compared with conventional
images, irrespective of the radiation dose. This noise reduction
resulted in significantly higher CNR for GM-WM differentiation
on 60-keV VMIs. Hence, objective image-quality parameters
were significantly better in 60-keV VMIs than in conventional
images, irrespective of the DLP. Accordingly, the subjective
image analysis showed a superiority for 60keV VMIs over con-
ventional images regarding diagnostic assessment.

Because unenhanced head CT is the imaging method of
choice in patients with neurologic deficits and neurocranial trau-
matic lesions, there is a need for improving image quality.
Previous studies found better image quality for VMIs from unen-
hanced head CTs due to increased GM-WM differentiation and
reduced beam-hardening artifacts of the skull.****

A previous study using rapid-switching DECT in children
reported that monoenergetic reconstruction using 60-keV
resulted in better image quality because of better GM-WM dif-
ferentiation and reduced artifacts in the posterior fossa.'®
Because this study was conducted in pediatric patients, the 60-
keV VMI was selected for comparative assessment with conven-
tional images. The outcomes supported previous studies,"®'”
with a superior quality obtained from 60-keV VMIs compared
with conventional images. Maximal SNR and CNR and minimal
noise were observed on VMISs, irrespective of radiation dose.

To the best of our knowledge, this was the first study to ana-
lyze dose reduction in children examined with 60-keV virtual
monoenergetic imaging by DLCT, in which a radiation dose
reduction of 28% was achieved for the CT scanning process with
a tube current-time product of 180 mAs while maintaining com-
parable image quality versus the 250-mAs group. If one com-
pared GW SNR, SAIL and CNR with 60-keV VMIs, the subjective
analysis found no significant differences between the 250- and
180-mAs groups for all age groups; in addition, GW noise, WM
noise, WM SNR, SAI, CNR, and subjective analysis were not sig-
nificantly different for both the6year and younger and older
than 6-year groups. The technique was used in adults by Reimer
et al”® to demonstrate a 19% reduction in radiation dose from
nonenhanced head CT using DLCT by reducing the tube current
without a loss of image quality. The CT scanning protocol using
180 mAs was initially selected in this study because it is consid-
ered more suitable for radiation dose reduction than CT scanning
protocols using 100- and 280-mAs, respectively, as previously

25,26
reported,

and also because approximately 20%-30% of the
reduction in the radiation dose would not result in image quality
not applicable for diagnosis.'*

A linear relationship was demonstrated between tube cur-
rent-time product and radiation dose. A decrease in tube cur-
rent-time product increases image noise.”” In a recent study of
unenhanced head CT by Reimer et al,>> image noise slightly

increased from 55 to 49.8 and 44.7 mGy, respectively, showing a
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significant difference between the 55- and 44.7-mGy protocols
with the same reconstruction technique. Similarly, this study also
revealed statistically significant increases in GW noise, WM
noise, and PFAA in the 180-mAs group compared with the 250-
mAs group for identical 60-keV VMIs for 0-12years of age.
However, no significant differences were observed for GW noise
and WM noise in subgroup analysis based on patient age and for
subjectively-rated image graininess (noise) for all age groups and
age subgroups. These findings indicate that the image quality is
acceptable for diagnosis, and the tube current may be further
reduced without affecting image noise across age groups.
Furthermore, SAT, WM SNR, and CNR were not significantly dif-
ferent, and there were no significant differences in overall image
quality scores between the 250- and 180-mAs groups for all age
groups and age subgroups.

Therefore, in this study, the degradation of image quality by
such artifacts was unlikely to be significant, and overall image
quality scores were similar between the 2 scan types and age sub-
groups. However, there was no statistically significant reduction
in SAIL, which indicated that our reduction of tube current to 180
mAs did not affect the objective image quality in SAIL The radia-
tion dose for a CT scan should be carefully selected to provide
optimal diagnostic image quality with the lowest possible radia-
tion dose. Therefore, changes in the tube current-time product
should be considered after consulting a radiologist, a CT technol-
ogist, and a medical physicist. In this study, radiation dose reduc-
tion was achieved by reducing the tube current-time product to
180 mAs without significantly altering the intrinsic quality of the
image. Different denoising levels may impact image quality, and
a medium denoising level was selected.” The effects of different
denoising levels on image quality and whether the radiation dose
can be reduced will be further explored.

As DLCT scanning parameters in this study, a tube voltage of
120kV, a current of 250 mAs, a DLP of 717.47 (SD, 41.52)
mGY xcm, and a CTDI,, of 36 mGy were used for conventional
CT to view the pediatric brain, which were similar to or slightly
lower than diagnostic reference levels for the CT radiation dose
in China (804 mGy for the DLP and 39 mGY xcm for CTDI,)*
and other countries.”*** The CTDl,, is the dose of the standard
American College of Radiology head phantom according to the
reference phantom selection in pediatric CT;'>*> the DLP is the
actual radiation dose received by the patient. There was no signif-
icant difference in DLP between the 6 year and younger and older
than 6-year subgroups in the 250-mAs group, while there was a
significant difference in DLP between the 6 year and younger and
older than 6-year subgroups in the 180-mAs group. There was a
trend of DLP increase with increasing age, which may be related
to head circumferences at different ages in children and head
scan lengths determined by the technologist; this trend had no
statistical significance between the 2 groups, with an overlap in
mean DLP as observed by the SD of DLP in the 180-mAs
group.’® After one reduces the tube current for head CT exami-
nation, protocols can be specifically developed for various age
groups because skull ossification is age-dependent.” Moreover, it
was reported that CT using DLCT with spectral data does not
increase the radiation dose compared with CT using DLCT with-
out spectral data.'®



There were several limitations in this study. First, this was a
retrospective study performed in a single institution. The sample
size was relatively small because radiation dose reduction is not
performed routinely. For ethical reasons, we could not use 2 dis-
tinct CT protocols for each patient for within-subject analysis.
Second, a greater reduction of the radiation dose was not eval-
uated though the current data suggested that this was achievable.
We compared radiation doses on the basis of the DLP alone
because there is no established method to normalize the radiation
dose to the size of the pediatric head (unlike the size-specific dose
estimates for body CT), but grouping by age was performed in
this study. Third, the diagnostic value of radiation dose reduction
for different brain pathologies was not evaluated because this
study aimed to evaluate the possibility of radiation dose reduction
while preserving overall image quality on nonenhanced brain CT
comparing the 250- and 180-mAs groups. However, the evalua-
tion of diagnostic certainty and the accuracy in pathologies is
beyond the scope of this study. Finally, although the current qual-
itative analysis was performed in a blinded manner, an experi-
enced reader would be likely to detect differences between
conventional images and 60-keV VMIs due to differences in
image texture.

CONCLUSIONS

In this study, GM noise and WM noise, WM CNR, SAI, and
CNR for supratentorial image quality were not different in objec-
tive and subjective evaluations between the 180- and 250-mAs
groups, and noise in the posterior fossa differed in the objective
evaluation by reduced tube current, but image quality is accepta-
ble in the subjective evaluation, both for the 6 years and younger
and the older than 6-year groups. On the basis of noise SNR, SAI,
CNR, and PFAA in image analysis and observer agreement
assessment, we found a dose reduction of 28% while maintaining
superior image quality with a scan protocol of 180 mAs com-
pared with 250 mAs on 60-keV VMIs from spectral detector CT
in the pediatric head. These data further suggest that an even
greater dose reduction is potentially achievable.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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