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Abstract

Objectives To investigate the role of third-generation iterative reconstruction (ADMIRE) in dual-source, high-pitch chest
CT protocol with spectral shaping at 100 kVp in Coronavirus disease 2019 (COVID-19).

Methods Confirmed COVID-19 inpatients undergoing to unenhanced chest CT were scanned with a dual-energy acqui-
sition (DECT, 90/150Sn kV) and a dual-source, high-pitch acquisition with tin-filtered 100 kVp (LDCT). On the DECT
with ADMIRE 3 (DECT?3) were evaluated the pulmonary findings and their extension (25-point score). Two radiologists
in consensus evaluated with 5-point scales the overall image quality, the anatomical structures, and the elementary findings
on LDCT reconstructed with filtered backprojection (LDCTO0), with ADMIRE 3 (LDCT?3) and 5 (LDCTS5), and on DECTS3.
The signal-to-noise ratio (SNR), the body mass index, the exposure times, and the radiation doses were recorded.

Results Seventy-five patients (57 M/18F; median age: 63 y.o.) were included, with median pulmonary extension of 13/25
points. The imaging findings were detected in proportion comparable to the available literature. The ADMIRE signifi-
cantly improved the SNR in LDCT (p < 0.00001) with almost no significant differences in overweight patients. The LDCT
had median effective dose of 0.39 mSv and acquisition time of 0.71 s with significantly less motion artifacts than DECT
(»<0.00001). The DECT3 and LDCT3 provided the best image quality and depiction of pulmonary anatomy and imaging
findings, with significant differences among all the series (p <0.00001).

Conclusion The LDCT with spectral shaping and ADMIRE3 provided acceptable image quality in the evaluation of patients
with COVID-19, with significantly reduced radiation dose and motion artifacts.
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Introduction

The pandemic spread of Coronavirus Disease 2019
(COVID-19) is representing an exceptional healthcare crisis
with more than 23,000,000 confirmed cases, 815,000 deaths
worldwide and significant impact on radiological facilities
[1,2].
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In patients with COVID-19 and moderate or severe dis-
ease (e.g., signs of alveolar damage), chest imaging is rec-
ommended independently on the results or the availability
of molecular tests [2]. Chest computed tomography (CT) is
the most sensitive imaging tool for highlighting the imag-
ing findings of COVID-19, for excluding potential differen-
tial diagnoses, and for the quantification of the pulmonary
involvement [2].

The viral infection together with immune response leads
to the pulmonary damage of COVID-19 detected on CT [3,
4]. The COVID-19 pneumonia has a complex, wide spec-
trum of CT manifestations: the most characteristic find-
ings are the ground glass opacities (GGO), with or without
consolidations, and main peripheral distribution [4]. How-
ever, the different CT patterns need to be recognized because
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their correlation with the evolution of the disease or their
prognostic relevance [4-8].

Performing chest CT in mild-severe COVID-19 pre-
sents several issues. The accurate evaluation of CT find-
ings requires high-quality images in the presence of motion
artifacts (MA) related to dyspnea or cough [2, 6, 7]. On the
other side, the potential concern about radiation exposure in
patients undergoing serial examinations led some authors to
suggest low-dose CT protocols [9, 10]. The management of
MA in CT involves low rotation times and high pitch val-
ues, a particularly effective strategy on dual-source scanners
(DSCT) [11]. Among the strategies for dose-reduction, the
spectral shaping on the third-generation DSCT (Somatom
Force, Siemens Healthineers, Erlangen) consists in a tin fil-
ter removing the low-energy component of the X-ray spec-
trum [12]; the higher photon efficiency provides images of
good quality at reduced dose [13]. This technique can be
associated with the Advanced Modeled Iterative Reconstruc-
tion (ADMIRE, Siemens Healthineers), a third-generation
hybrid reconstruction algorithm with iterations in the raw-
data domain (for statistical modeling and artifact reduction)
and in the image domain (for noise reduction) [12].

Several studies evaluated the image quality of low-dose
chest CT with spectral shaping [12-16] and demonstrated
the beneficial role of Iterative Reconstructions (IR) [12,
14-16]. However, most of the studies in adults included tin-
filter protocols with regular pitch values (<2), while the
high-pitch protocols with spectral shaping were evaluated
mostly in pediatric populations with limited experience in
adults [12-15, 17, 18]. Moreover, in most cases the image
analysis was focused to nodular lesions in a regular pul-
monary background (a so-called high-contrast recognition
task) [12—15]. Conversely, evidences about the role of IR in
low-contrast recognition tasks in thoracic imaging, such as
the interstitial findings in COVID-19 pneumonia, are lim-
ited, with almost no systematic evaluation of IR [16]. The
present study has two aims: (1) to report the CT findings in a
population of COVID-19 patients undergoing to unenhanced
chest CT; (2) to perform an objective and subjective analysis
of image quality in order to optimize the use of ADMIRE
for the evaluation of interstitial findings of a complex pul-
monary disease with a low-dose, high-pitch acquisition with
tin filter at 100 k'V.

Materials and methods

Patient population

The present study, approved by the local institutional
review board, is based on a retrospective review of pro-

spectively included COVID-19 patients. Hospitalized
patients > 18 years old, with COVID-19 infection confirmed

at nasopharyngeal and oropharyngeal swab test, who under-
went to baseline, unenhanced chest CT (in agreement with
clinical needs) on the third-generation DSCT between March
10 and March 25, were included. The onset of respiratory
symptoms was collected from patients’ records. Patients’
weight (W, [kg]) and height (H, [m]) were collected to cal-
culate the body mass index (BMI) as BMI = W/H?. Patients
unable to raise the arms or the presence of medical implants,
source of artifacts, were recorded. Patients undergoing to
contrast-enhanced chest CT were excluded.

Image acquisition, reconstruction, and visualization

The CT protocol on the third-generation DSCT (Somatom
Force, Siemens Healthineers, Erlangen) for symptomatic
COVID-19 patients included a high-quality, dual-energy
(DECT), helical acquisition and a sub-second, low-dose,
high-pitch, dual-source acquisition (LDCT), all performed in
end inspiration when possible, supine position, and caudo-
cranial direction.

The DECT was set at 90/150Sn kV, with modulated mA
(reference: 95 mAs), rotation time of 0.25 s, collimation
of 2x192x 0.6 mm and a pitch of 1.05. The dual-source
LDCT with spectral shaping (100 kV, 0.6 mm tin filter) had
modulated mA (reference: 170 mAs), a rotation time of
0.25 s, a collimation of 2 X 192 x 0.6 mm and a pitch of 2.5
(TurboFlash, Siemens Healthineers). Both the DECT and
LDCT were reconstructed with a sharp kernel (BI57) and a
slice thickness/spacing of 1.5/1 mm. The DECT was recon-
structed with ADMIRE at strength 3 (called DECT3) and a
blending ratio of 0.7. For the comparative analysis and the
evaluation of the role of ADMIRE in the low-dose protocol,
the LDCT was reconstructed with filtered backprojection
(FBP, called LDCTO) and with ADMIRE (strength 3 and 5,
respectively LDCT3 and LDCTS5) (Fig. 1).

All the images were anonymized and uploaded for com-
parative analysis on a dedicated workstation (Syngo.via
VB20A, Siemens Healthineers).

Image evaluation: pulmonary findings

For descriptive statistics, two radiologists (with, respec-
tively, 30 and 10 years of experience in thoracic radiology)
evaluated in consensus on the DECT3 the imaging find-
ings of COVID-19 in agreement with the definitions of the
Fleischner Society and published case-series [4—8, 19]. The
evaluated imaging findings were the different types of GGO,
consolidations, reticular pattern, mixed pattern, subpleural
lines, fibrous stripes, halo sign and reversed halo sign, air
bronchogram, and subpleural sparing [4, 6, 7]. The airway
changes included bronchiectasis and bronchial wall thicken-
ing [4, 6-8]. The presence of air bubbles, vascular enlarge-
ment (subsegmental vessels >3 mm), nodules, sand-like
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Fig. 1 Ground glass opacities
with peripheral distribution and
subpleural sparing (arrowheads)
in a male patient, 58 y.o. with
BMI of 27. a Dual-energy CT,
90/150Sn kV, ADMIRE 3. b
High-pitch, dual-source acquisi-
tion with spectral shaping at
100 kV, filtered backprojection
(LDCTO0). ¢ High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 3
(LDCT3). d High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 5
(LDCT5)

calcifications within consolidations, “tree-in-bud,” and
pleural changes (thickening or effusion) were evaluated
[4-8]. Mediastinal lymphnodes and pericardial effusion
were evaluated only for descriptive statistics [4]. The pulmo-
nary findings were classified in central or peripheral (within
the peripheral one-third of the lung). The extension of the
pulmonary findings was also evaluated in consensus with
a 25-point semi-quantitative score [6, 20]. The lobar exten-
sion of findings was visually scored as 0: no involvement; (1)
<5%; (2) 5-25%; (3) 26-49%; (4) 50-75%; (5) >75%. The
25-point score was the sum of the lobar scores.

Due to the complexity and the variety of the pulmo-
nary findings, for subsequent analysis, the two radiolo-
gists grouped the patients in four predominant patterns, as
described by Wang et al. [7]: GGO, consolidative, reticular,
or mixed (Figs. 1, 2, 3).

Objective quality

A third radiologist (7 years of experience in thoracic radi-
ology) placed circular regions of interest (ROI) at level of
tracheal carina on pulmonary parenchyma, paraspinal mus-
cle, subcutaneous fat, and tracheal air. Regions with major
vessels or artifacts were avoided. The signal-to-noise ratio
(SNR) was calculated as the fraction of the recorded mean
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attenuation (Hounsfield Units, HU) and standard deviation
of each structure.

Subjective quality

To avoid the recognition bias, the subjective analysis was
performed in consensus by the two radiologists in a separate
session 1 month apart. Anonymized DECT3 (the reference
standard) and LDCT were evaluated in casual order.

The subjective image quality included the following
parameters: general quality (GQ), image sharpness (IS),
and motion artifacts (MA), evaluated on 5-point scales.
The scale for GQ and IS ranged from 1 (unacceptable) to 5
(excellent). The MA were evaluated from 1 (unacceptable)
to 5 (absent); in scores 3-5, the MA had effect on depiction
of pulmonary findings. The evaluated anatomical structures
were fissures, central (up to segmental) or peripheral bron-
chovascular structures, and subpleural vessels (within 1 cm
from the pleura).

The evaluation of different ADMIRE reconstructions
required the definition of the so-called low-contrast recogni-
tion tasks for each predominant pattern, which were modeled
by selecting three elementary findings for each predomi-
nant pattern, from a group of six elementary findings: GGO,
septal thickening (interlobular or intralobular), architectural
distortion, airway changes (bronchiectasis or bronchial wall
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Fig.2 Predominant consolida-
tive pattern in a 67-year-old
male patient with BMI of 26.
Extended bilateral consolida-
tions with air bronchograms
and predominant posterior
distribution. a Dual-energy CT,
90/150Sn kV, ADMIRE 3. b
High-pitch, dual-source acquisi-
tion with spectral shaping at
100 kV, filtered backprojection
(LDCTO0). ¢ High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 3
(LDCTS3). d High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 5
(LDCTS). In A (DECT3) slight
motion artifacts are present, not
visible in B-D (LDCT)

Fig.3 Predominant mixed pattern in 78-year-old patient with BMI of
20. The mixed pattern (presence of consolidation, ground glass and
reticular opacities in the presence of architectural distortion) is bet-
ter depicted in the posterior, peripheral portions of lower lobes bilat-
erally. The arrowheads show a consolidation in the right lower lobe
with contextual sand-like calcifications, better depicted in the image

detail with mediastinal window in the upper right corner of a. a Dual-
energy CT, 90/150Sn kV, ADMIRE 3. b High-pitch, dual-source
acquisition with spectral shaping at 100 kV, filtered backprojection
(LDCTO0). ¢ High-pitch, dual-source acquisition with spectral shaping
at 100 kV, ADMIRE 3 (LDCT?3). d High-pitch, dual-source acquisi-
tion with spectral shaping at 100 kV, ADMIRE 5 (LDCT5)
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thickening), air bronchogram or air bubbles, and pleural
changes (effusion or thickening).

Both the anatomical structures and pulmonary findings
were evaluated with a 5-point scale: 1: unreliable depic-
tion; 2—4 (severe, moderate, and slight blurring); 5: sharp
delineation.

Radiation dose and exposure time

Exposure times and radiation dose (Computed Tomogra-
phy Dose Index, CTDI [mGy], Dose Length Product, DLP
[mGy * cm]) were recorded. The effective dose was calcu-
lated as ED=DLPx0.014 [21].

Statistical analysis

All semiquantitative, categorical variables were expressed as
frequencies and percentages. All numerical variables were
tested for normality (Kolmogorov—Smirnov test). Since the
numerical variables were not normal, they are expressed
as median and interquartile ranges (25—75p). For objective
analysis of SNR, patients were divided in BMI <25 and
BMI >25.

Nonparametric tests were used for numerical and cate-
gorical variables. In particular, the differences in extension
of pulmonary findings across different lobes (Table 1), the
differences in SNR (Table 2), the differences in semi-quan-
titative scales for image quality, anatomical structures, and
elementary findings at different ADMIRE (Fig. 4, Table 3)
were assessed with Friedman Test for multiple compari-
sons of related samples, and Conover post hoc analysis.
The differences in SNR for patients with BMI < or > 25 were
assessed with Mann—Whitney test for unrelated samples
(Table 2). The differences in exposure times and radiation
doses in DECT and LDCT were assessed with Wilcoxon test
for related samples. P values < 0.05 were considered signifi-
cant. All calculations were performed with MedCalc v19.2.1
(MedCalc Software, Ostend, Belgium).

Results
Patient population and imaging findings

Seventy-five patients with confirmed COVID-19 were
included (57 M/18F; median age: 63 years old; interquartile
range: 54-72 years old). The median BMI was of 26 (IQR
25-29); 48 (64%) patients had a BMI >25. The CT scans
were performed at a median of 8 days (interquartile range:
6-13) since the onset of symptoms. Seven (9%) patients
were unable to raise the arms, 1 had a pacemaker, and 1 a
metal implant on the right shoulder.
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Table 1 shows the imaging findings evaluated on the
DECT?3 images: the most frequent were the GGO (74/75, 99%,
Fig. 1), while consolidations were present in 55/75 (73%) of
cases (Figs. 2, 3). The vascular enlargement and sand-like cal-
cifications within consolidations (Fig. 3) were, respectively,
detected in 63/75 (84%) and 9/75 (12%) of cases, while the
sub-pleural sparing was recorded in 17 (23%) cases (Fig. 1).
The most frequent distribution was in peripheral (40/75,
53%) (Figs. 1, 2, 3). The lower lobes were significantly more
involved; the median CT score was of 13 of 25 (Table 1).

The mixed pattern was predominant in 28/75 patients
(37%) (Fig. 3), followed by the predominant GGO pat-
tern (27/75; 36%) (Fig. 1) and the predominant consolidative
pattern (20/75; 27%) (Fig. 2). The reticular pattern was not
predominant in any case.

Objective analysis

In Table 2, the SNR of all structures was significantly dif-
ferent in DECT3 and all LDCT with any ADMIRE. The
SNR of tracheal air was significantly different in patients
with BMI < 25 and > 25 for any acquisition, while the SNR
of pulmonary parenchyma was significantly different in
patients with different BMI only in LDCTO (Figs. 1, 2, 3).

Subjective analysis

Figure 4 summarizes the subjective evaluations of image
quality and anatomical structures in DECT and LDCT for all
75 patients. All the parameters apart from motion artifacts
had better scores in DECT3 than in LDCT; among LDCT,
the LDCT3 achieved the best score.

Regarding the motion artifacts, the LDCT with any IR
had significantly higher scores than DECT (Fig. 4). In par-
ticular, the motion artifacts in DECT 3 were scored as 1-3
(with marked influence on depiction of pulmonary findings)
in 13 (17%) patients, and as 45 (minimal or no influence on
depiction of pulmonary findings) in 62 patients. In LDCT,
the motion artifacts were scored as 4-5 in all 75 patients
(Figs. 2, 5).

In Table 3, the low-contrast recognition tasks for DECT
and LDCT at different ADMIRE were assessed with the
selected three elementary findings for each predominant
pattern. The results showed in Table 3 agree with the
trend depicted in Fig. 4: the elementary findings are better
depicted in DECT3, while in LDCT, the best score is mostly
achieved with ADMIRE at intermediate strength (LDCT3).

Radiation dose and exposure times
In Table 4, the LDCT protocol achieved significantly lower

exposure times and radiation dose, respectively, lower than
1sand 1 mSv.
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Table 1 CT findings, distribution, predominant pattern and lung involvement in 75 patients with COVID-19 (DECT3)

CT findings N (Total: 75) %
GGO 74 99
Pure GGO 67 89
GGO and septal thickening 20 27
GGO with crazy paving 32 43
GGO with architectural distortion 59 79
Consolidation 55 73
Interlobular septal thickening 14 19
Mixed pattern 37 49
Honey combing 0 0
Subpleural lines 48 64
Fibrous stripes 48 64
Septal lines 29 39

Air bronchogram 31 41
Halo sign 6 8
Reversed halo sign 16 21
Bronchiolectasis 22 29
Bronchial wall thickening 50 67

Air bubble sign 26 35
Subpleural sparing 17 23
Vascular enlargement 63 84
Nodules 28 37
Sand-like classifications® 12
Tree in bud 3
Pleural thickening 42 56
Pleural effusion 9 12
Mediastinal lymph nodes 14 19
Pericardial effusion 11 15
Distribution

Central 1 1
Peripheral 40 53
Both 34 45
Predominant pattern

Ground glass opacity 27 36
Consolidation 20 27
Reticular pattern 0 0
Mixed pattern 28 37
Involvement, CT score Median (25-75p) N (%)
LUL 3 (2-3)* 72 (96)
LLL 3 (2-4)* 73 (97)
RUL 2 (1-3)* 69 (92)
RML 1 (1-3)* 65 (87)
RLL 3 (2-4)* 73 (97)
Total CT score 13 (9-17)

LUL Left upper lobe, LLL left lower lobe, RUL right upper lobe, RML right middle lobe, RLL right lower lobe, GGO ground glass opacities,

25-75p: interquartile range

*Friedman test, p <0.00001. Post hoc analysis: the lower lobes were significantly more involved than the upper lobes and the middle lobe

Within consolidations
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Table 2 Objective image quality: signal-to-noise ratio (SNR)

SNR BMI DECT3 LDCTO LDCT3 LDCTS5 p*
Median (25-75p) Median (25-75p) Median (25-75p) Median (25-75p)
Tracheal air <25 (N=27) 34.61 8.40 15.45 28.56 <0.00001
(29.57-41.41) (7.21-10.06) (13.50-17.79) (26.60-33.07)
>25 (N=48) 30.36 7.23 1291 24.53 <0.00001
(26.72-36.56) (6.20-8.51) (11.36-15.28) (22.14-29.00)
pt 0.0341 0.0014 0.0007 0.0055
Lung parenchyma <25 15.79 6.38 10.53 16.82 <0.00001
(12.89-25.06) (5.50-7.66) (8.51-11.56) (11.62-18.43)
>25 16.94 5.64 9.35 15.88 <0.00001
(14.60-18.43) (4.84-6.64) (7.89-10.91) (13.30-18.13)
Pt 0.6668 0.0406 0.1890 0.8039
Paraspinal muscle <25 0.96 0.24 0.39 0.82 <0.00001
(0.76-1.04) (0.20-0.28) (0.34-0.50) (0.59-0.96)
>25 0.85 0.22 0.365 0.69 <0.00001
(0.68-1.03) (0.20-0.26) (0.31-0.45) (0.60-0.85)
Pt 0.1945 0.2258 0.0790 0.3395
Subcutaneous fat <25 2.02 0.45 0.75 1.44 <0.00001
(1.70-2.34) (0.34-0.50) (0.63-0.88) (1.27-1.60)
>25 1.86 0.42 0.73 1.47 <0.00001
(1.65-2.37) (0.37-0.47) (0.61-0.84) (1.26-1.70)
P 0.6628 0.5180 0.4865 0.7488

DECT3 Dual-energy CT, ADMIRE 3, LDCT low-dose CT with spectral shaping, filtered backprojection, LDCT3 LDCT with ADMIRE 3,
LDCTS5 LDCT with ADMIRES, 25-75p interquartile range, SNR signal-to-noise ratio, BMI body mass index

*Friedman test. Post hoc analysis: significant differences between DECT3, LDCT0, LDCT3, LDCTS5 in pairwise comparisons

“Mann-Whitney test
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Fig.4 Bar Graph showing the subjective image analysis on 5-point
scales (see text). The bars show the median score for each parameter,
series, and iterative reconstruction. The error bars show the interquar-
tile range (25-75p). a Overall image quality including the general
quality, image sharpness, and motion artifacts. b Anatomical struc-
tures including pleural fissures, proximal bronchi and vessels (up to
segmental), peripheral bronchi and vessels, and subpleural vessels
(within 1 cm from pleura). Significant differences among the semi-
quantitative scores for all parameters, series and reconstruction were
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recorded (Friedman, p <0.00001). Post hoc analysis: (§): significant
differences between DECT3 and LDCT at any ADMIRE; differences
among LDCT were not significant. (1): differences between LDCTS5
and LDCTO were not significant. In all other cases, significant differ-
ences were found between DECT3, LDCTO, LDCT3, LDCTS in pair-
wise comparison. DECT3: Dual-energy CT, ADMIRE 3. LDCTO:
Low-dose CT with spectral shaping, Filtered Backprojection.
LDCT3: Low-dose CT with spectral shaping, ADMIRE 3. LDCTS.
Low-dose CT with spectral shaping, ADMIRE 5
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Table3 Subjective image N DECT3 LDCTO LDCT3 LDCT5 p*

analysis in different (Tot.75) Median  Median  Median  Median

predominant patterns (25-75p)  (25-75p) (25-75p)  (25-75p)
Predominant pattern: GGO (N=27)
GGO 27 5(5-5) 2(2-2) 4 (4-4) 3(2-3) <0.00001
Septal thickening® 25 5(4-5) 2 (1-2) 3(3-4) 2 (1-2) <0.00001%
Airway changes® 15 5(5-5) 2(2-2) 444 2(2-3)  <0.00001%
Predominant pattern: consolidation (N=20)
Air Bronchogram or air bubbles 17 4 (4-5) 2(2-2) 3(3-3) 2 (2-3) <0.00001
Airway changes® 14 4 (4-5) 2 (2-3) 3(3-4) 2 (1-3) <0.00001%
Pleural changes® 11 4 (4-4) 2 (2-2) 3(3-3) 3(2-3) <0.00001F
Predominant pattern: mixed (N=28)
GGO 28 5(4-5) 2(2-2) 4 (3-4) 3(2-3) <0.00001
Air bronchogram or air bubbles 17 5(4-5) 2 (2-2) 4 (3-4) 3(2-3) <0.00001
Architectural distortion 26 5(4-5) 2 (2-3) 4 (34) 3(2-3) <0.00001

DECT3 Dual-energy CT, ADMIRE 3. LDCT low-dose CT with spectral shaping, Filtered Backprojec-
tion, LDCT3 LDCT with ADMIRE 3. LDCT5 LDCT with ADMIRE 5, 25-75p interquartile range, GGO
ground glass opacities

*Friedman test. Post hoc analysis. *Differences between LDCT5 and LDCTO were not significant. "Dif-
ferences between LDCT3 and LDCT5 were not significant. In all other cases, significant differences were
found between DECT3, LDCTO, LDCT3, LDCTS in pairwise comparison

“Interlobular or intralobular (crazy paving)
Bronchiectasis or bronchial wall thickening

“Pleural thickening or pleural effusion

Fig.5 Motion Artifacts in V
a male patient, 79 y.o. with

BMI of 18. a Dual-energy CT,
90/150Sn kV, ADMIRE 3. b
High-pitch, dual-source acquisi-
tion with spectral shaping at
100 kV, filtered backprojection
(LDCTO0). ¢ High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 3
(LDCTS3). d High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 5
(LDCTS5). The motion artifacts
in a (DECTS3, coughing patient)
significantly affect the depiction
of interstitial thickening within
the ground glass opacities and
the subpleural sparing in the
lower lobes. The LDCT are

free of motion artifacts; the
interstitial thickening is better
depicted when the ADMIRE is
used (¢, d). Pleural thickening is
also present
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Table 4 Exposure times and radiation dose

DECT3 LDCT Pt
Median (25-75p)  Median (25-75p)
Exposure time 2.07 (1.97-2.15) 0.71 (0.64-0.75) <0.0001
CTDI (mGy) 6.81(6.24-9.11) 0.73 (0.65-0.81) <0.0001
DLP (mGy *cm) 306.66 (250.11- 26.82 (24.12- <0.0001
380.95) 29.85)
ED (mSv) 4.45 (3.63-5.52) 0.39 (0.35-0.43) <0.0001

DECT3 Dual-energy CT, ADMIRE 3, LDCT Low-dose CT with
spectral shaping, 25-75p interquartile range, CTDI computed tomog-
raphy dose index, DLP dose length product, ED effective dose

*Wilcoxon test

Discussion

The present work highlights the role of ADMIRE applied to
a high-pitch, dual-source acquisition with spectral shaping
at 100 kV in 75 hospitalized patients with mild-severe pul-
monary involvement by COVID-19 (median CT score: 13 of
25, Table 1). The different patterns of COVID-19 pneumonia
were chosen as model to evaluate the role of ADMIRE in the
so-called low-contrast recognition tasks in the high-pitch,
dual-source CT protocol [4].

The imaging findings were reported in a proportion
comparable to the already published data, the most peculiar
being the GGO, consolidations, and the vascular enlarge-
ment [4-8]. The proportion of subpleural sparing was com-
parable to what reported in Tabatabaei et al. [8] (Fig. 1).
Unlike other case-series, we noticed sand-like calcifications
within consolidations in 12.0% of cases (Fig. 3). The sand-
like calcifications were anecdotally assessed in few case-
series and could be eventually considered an uncommon
finding of COVID-19 [22, 23]. Calcifications have been
related to several non-infectious and infectious diseases,
including granulomatous, fungal, parasitic, and viral pneu-
monias [19, 24]. As an example, alveolar pulmonary calci-
fications have been described after the recovery of Varicella
pneumonias [25]. The eventual correlation between sand-
like calcifications and COVID-19 pneumonia, as well as
the diagnostic and prognostic relevance, needs to be further
investigated.

The CT protocol for COVID-19 included a high-quality
DECT with a relatively short acquisition time and the possi-
bility of post-processing in case of artifacts (11% of patients
were unable to maintain the arms raised or had implanted
devices) [26]; the selected ADMIRE 3 already demonstrated
optimal image quality [13, 16]. In our population, MA were
present in a discreet proportion of cases and significantly
affected the depiction of CT findings in 17% of patients
(Fig. 5), hence, the CT protocol included a high-pitch, dual-
source scan. The LDCT had a pitch value of 2.5 to achieve
adequate dual-source sampling with a scan Field-Of-View
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(sFOV) of 400 mm in a sub-second acquisition. Thus, the
LDCT allowed for adequate control of MA with only min-
imal effect on depiction of imaging findings (Figs. 2, 5),
while the spectral shaping achieved an ED < 1 mSv (median:
0.38 mSv), the same order of magnitude of a double-projec-
tion chest X-ray (Table 4) [9, 21].

As expected, the ADMIRE at increasing strengths signifi-
cantly improved the SNR of LDCT acquisitions (Table 2);
moreover, the ADMIRE decreases or avoided differences
in SNR (except for the tracheal air) between overweight
patients and patients with normal BMI. These data agree
with the published literature (Table 2, Figs. 1, 2, 3) [12, 15,
16, 27-29].

Three predominant patterns were recognized in our
patients; the evaluated elementary findings were chosen
because of their relevance (e.g., prognostic) and to simulate
a so-called low-contrast detection task (e.g., the septal thick-
ening superimposed to GGO; Table 3, Fig. 6) [30]. In all the
three scenarios, we recorded the same trend as the qualita-
tive analysis, where the ADMIRE improved the image qual-
ity and depiction of findings, but higher levels of ADMIRE
did not improve the median scores, confirming the ADMIRE
3 as acceptable (Table 3, Fig. 4) [13, 16].

A technical challenge in the implementation of IR is the
distinction of edges in low-contrast objects and background
noise, in particular at lower radiation doses and higher
strength of IR [30]. This problem has already been evaluated
in liver imaging. Baker et al. found a significantly higher
image quality but degraded detection of low-contrast liver
lesions at lower doses and higher strength of IR (SAFIRE,
Siemens Healthineers) [27]. Jensen et al. confirmed a lower
detection rate of small colorectal liver metastases in low-
dose protocols and different IR (ASIR and ASIR-V, GE
Healthcare) [28].

In thoracic imaging, the performance of IR and spectral
shaping and IR has been evaluated mostly in high-contrast
recognition tasks. Gordic et al. [12] found better image
quality and higher sensitivity and diagnostic confidence
for lung nodule detection on phantoms with spectral shap-
ing at 100 kV and ADMIRE 5. Martini et al. [14] con-
firmed a higher sensitivity for nodule detection on phan-
toms at increasing level of ADMIRE; for subsolid nodules,
the ADMIRE 5 had a sensitivity comparable or lower to
ADMIRE 3 in lowest dose acquisitions. Moreover, Martini
et al. [15] found improved image quality and nodule detec-
tion in humans with ADMIRE 5; however, with ADMIRES
the authors found lower agreement rates in detection of inter-
stitial changes and emphysema compared to the ADMIRE 3,
being the standard-dose acquisition the reference.

Our results confirm the feasibility of low-dose chest CT
acquisition with spectral shaping, and the fundamental role
of ADMIRE to achieve an acceptable image quality [12-16].
However, at increasing level of ADMIRE, the low-contrast
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Fig.6 Extended ground glass
opacities with superimposed
septal thickening in a 89-year-
old male patient with BMI

of 28. a Dual-energy CT,
90/150Sn kV, ADMIRE 3. b
High-pitch, dual-source acquisi-
tion with spectral shaping at
100 kV, filtered backprojection
(LDCTO0). ¢ High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE 3
(LDCTS3). d High-pitch, dual-
source acquisition with spectral
shaping at 100 kV, ADMIRE

5 (LDCTS). In A (DECT3),

the septal thickening is clearly
visible in both upper lobes. In
LDCT (b, d), the septal thick-
ening is better outlined with
ADMIRE (¢, d); however, with
ADMIRE 5 (d) the smoother
texture of the image hides the
septal thickening which is vis-
ible with ADMIRE 3 (c¢)

recognition tasks became more challenging (Table 3, Fig. 6).
The added value of these data is in the evaluation of low-
contrast recognition tasks on a high-pitch, dual-source CT
protocol: most of the available evidences evaluated the
dual-source acquisitions with or without spectral shaping in
pediatric populations; conversely, in adults, the high-pitch,
dual-source acquisitions are not fully standardized for pul-
monary imaging and the assessed protocols with spectral
shaping include single-source acquisitions at standard pitch
values [12-17].

This study has some limitations. It is a single-center study
in a relatively small population. The present work evaluates
a single CT technology: in this pandemic setting, a specific
CT scanner in a separate wing of the Department of Radiol-
ogy was reserved for the baseline examinations of COVID-
19 hospitalized patients. Moreover, even though the image
was anonymized, the readers might have recognized them
because their different appearance and texture with potential
recognition bias. Finally, to maintain a homogeneous sam-
ple, different blending rations of DECT3 were not included
in the analysis.

In conclusion, the low-dose, dual-source CT protocol
with spectral shaping is feasible and effective in the man-
agement of motion artifacts in symptomatic patients with
COVID-19 pneumonia, with significant dose reduction,

valuable in repeated examinations. The ADMIRE was fun-
damental in the optimization of the low-dose protocol, even
in overweight patients, without significant improvement of
the low-contrast recognition tasks at higher strengths, sug-
gesting intermediate strengths as optimal.
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