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Potential of Photon-Counting Detector CT for Radiation Dose
Reduction for the Assessment of Interstitial Lung Disease in Patients

With Systemic Sclerosis
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Hatem Alkadhi, MD, MPH, EBCR, FESER,* Thomas Frauenfelder, MD,* and Katharina Martini, MD*
Objective:The aim of this studywas to determine the potential of photon-counting
detector computed tomography (PCD-CT) for radiation dose reduction compared
with conventional energy-integrated detector CT (EID-CT) in the assessment of
interstitial lung disease (ILD) in systemic sclerosis (SSc) patients.
Methods: In this retrospective study, SSc patients receiving a follow-up noncontrast
chest examination on a PCD-CTwere included between May 2021 and December
2021. Baseline scans were generated on a dual-source EID-CT by selecting the
tube current-time product for each of the 2 x-ray tubes to obtain a 100% (D100), a
66% (D66), and a 33% dose image (D33) from the same data set. Slice thickness
and kernel were adjusted between the 2 scans. Image noisewas assessed by placing
a fixed region of interest in the subcutaneous fat. Two independent readers rated
subjective image quality (5-point Likert scale), presence, extent, diagnostic confi-
dence, and accuracy of SSc-ILD. D100 interpreted by a radiologist with 22 years
of experience served as reference standard. Interobserver agreement was calcu-
lated with Cohen κ, and mean variables were compared by a paired t test.
Results: Eighty patients (mean 56 ± 14; 64 women) were included. Although
CTDIvol of PCD-CTwas comparable to D33 (0.72 vs 0.76mGy, P = 0.091), mean
image noise of PCD-CTwas comparable to D100 (131 ± 15 vs 113 ± 12, P > 0.05).
Overall subjective image quality of PCD-CTwas comparable to D100 (4.72 vs 4.71;
P = 0.874). Diagnostic accuracy was higher in PCD-CT compared with D33/D66

(97.6% and 92.5%/96.3%, respectively) and comparable to D100 (98.1%).
Conclusions: With PCD-CT, a radiation dose reduction of 66% compared with
EID-CT is feasible, without penalty in image quality and diagnostic performance
for the evaluation of ILD.
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S ystemic sclerosis (SSc) is a systemic autoimmune disease caused by
endothelial dysfunction resulting in small-vessel vasculopathy, fibro-

blast dysfunction with resultant disproportionate high collagen production
and fibrosis, as well as immunological abnormalities.1 Although theoreti-
cally any organ system may be affected, pulmonary vessel and fibrotic
manifestations resulting in interstitial lung disease (ILD) and pulmonary
hypertension are the chief reason of SSc-related death.2 In autopsy stud-
ies, up to 100% of SSc patients have shown pulmonary involvement.3

To date, various diagnostic tests are used to detect ILD in SSc pa-
tients: The 2 main players are pulmonary function tests and computed
tomography (CT).4,5 A recent study showed that 50% to 66% of general
rheumatologists and SSc experts ordered CT for ILD screening in newly
diagnosed SSc patients.6 Pulmonary function tests are also broadly used
to screen SSc patients for ILD, but contrary to CT, they have a low sensi-
tivity for subtle lung changes resulting in a high rate of false-negatives.7,8

Up to 60% of SSc patients will develop interstitial abnormalities during
the course of follow-up imaging9 with predominant ground-glass opaci-
ties (GGOs) and a low level of reticulation consistent with a nonspecific
interstitial pneumonia pattern.10 The downside of CT, however, is repeti-
tive SSc patient exposure to ionizing radiation during long-term follow-
up imaging. Recent studies demonstrated that ionizing radiation led to
increased DNA damage and chromosome aberrations after standard
dose chest CT, whereas no such effect was observed for low-dose CT.11

Therefore, various approaches have been examined for the reduction
of radiation dose without a loss in diagnostic accuracy. Among other efforts,
reduced slice imaging,5 low radiation dose imaging,12 and the use of mag-
netic resonance imaging13,14 have been evaluated for the assessment of lung
parenchyma alterations in SSc patients. So far, these efforts have been accom-
panied by a loss of accuracy.15 Photon-counting detector CT (PCD-CT) has
already demonstrated an increase in dose efficiency and therefore yields the
potential to improve image quality at lower radiation dose.16–18 Studies
on preclinical PCD-CTs systems demonstrated encouraging results in lung
imaging,19–22 with a gain in image noise and contrast-to-noise-ratio,22–24

along with a betterment of shape and texture features as a result of
the higher spatial resolution of PCD-CT in comparison to EID-CT.25

Therefore, this project analyzed the potential of PCD-CT for radia-
tion dose reduction in CT imaging of SSc patients, comparedwith EID-CT.
METHODS

Patient Cohort
Local ethics committee approval for this study has been sought,

and all patients signed written informed consent for the retrospective use of
their data. Consecutive patients with SSc confirmed by ACR/EULAR
2013 classification26 receiving a clinically indicated noncontrast chest CT
between May and December 2021 have been retrospectively scrutinized.
Inclusion criteria were as follows: examination performed on a dual-source
PCD-CT (NAEOTOM Alpha; Siemens Healthcare GmbH, Forchheim,
Germany) and having a baseline CT performed on a dual-source EID-CT
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TABLE 2. Results of Objective Image Assessment

Mode Mean ± SD t P d

CTDIvol, mGy EID-CT (D100) 2.30 ± 0.74 −23.00 <0.001 −2.56
EID-CT (D66) 1.52 ± 0.49 −18.93 <0.001 −2.11
EID-CT (D33) 0.76 ± 0.24 −1.71 0.091 —
PCD-CT 0.72 ± 0.23 — — —

Image noise (HU) EID-CT (D100) 113 ± 12.2 23.00 <0.001 1.08
EID-CT (D66) 147 ± 16.4 −8.37 <0.001 −0.93
EID-CT (D33) 163 ± 17.7 −14.53 <0.001 −1.62
PCD-CT 131 ± 15.2 — — —

SNR EID-CT (D100) 0.98 ± 0.16 −8.09 <0.001 −0.90
EID-CT (D66) 0.77 ± 0.15 5.46 <0.001 0.61
EID-CT (D33) 0.67 ± 0.10 13.43 <0.001 1.50
PCD-CT 0.84 ± 0.13 — — —

Table comparing radiation dose (CTDIvol), image noise, and SNRbetweenEID-CT
and PCD-CT. P values indicates differences from the EID-CT scan to PCD-CT.

CTDIvol, volume computed tomography dose index; EID-CT, energy-integrated
detector computed tomography; PCD-CT, photon-counting detector CT; HU,
Hounsfield units; SNR, signal-to-noise ratio.
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(SOMATOM Force; Siemens Healthcare GmbH, Forchheim, Germany)
scan using a split dose protocol. Exclusion criteria were examinations
without a dual split dose baseline CT and a weight/age adapted kVp.

Pulmonary Function Test
All patients underwent pulmonary function testing (ZAN500

SpireTM; ZAN, Steyr-Dietach, Austria) at each of the 2 visits (baseline
and follow-up). The pulmonary function test (PFT) parameters consisted
in the absolute as well as the percentage predicted values with height,
age, and sex adjustment (%predicted) of the forced expiratory volume
in 1 second (FEV1), total lung capacity (TLC), forced vital capacity
(FVC), and FEV1-to-FVC ratio. For reasons of comparability, the per-
centage of predicted values has been used for statistics.

Image Acquisition
Baseline scans were obtained on an EID-CTwith a 2� 192-slice

dual-source CT system (SOMATOMForce; Siemens Healthcare GmbH,
Forchheim, Germany) applying the dual-source mode using tin filtration.
Images at different dose levels from the same acquired data set were
generated by adjusting the tube current time product for each x-ray tubes sep-
arately at a fixed tube voltage of 100 kV to obtain a 66% dose image (D66)
and a 33%dose image (D33) as shown previously.

27 The 66% dose tube has
been operated with the larger field of view (50 cm) and the 33% dose
TABLE 1. Patient Characteristics and PFT

No. Patients 80

Age (mean ± SD) 56 ± 14; range, 19–88 y
Sex 64 women, 16 men
Interstitial lung changes n = 48 (60%)

Limited disease (<20%; n = 24)
Extensive disease (>20%; n = 24)

PFT Baseline Follow-up P

Overall
FEV1% (range) 95.1 (58–139) 95.1 (48–132) 0.439
FVC% (range) 92.1 (52–133) 91.9 (44–126) 0.945
FEV1/FVC% (range) 102.8 (88–126) 102.6 (89–122) 0.247
TLC% (range) 97.3 (48–159) 97.9 (48–164) 0.760

No interstitial lung changes at baseline CT
FEV1% (range) 94.3 (60–127) 93.9 (59–126) 0.673
FVC% (range) 91.6 (63–125) 91.9 (55–124) 0.847
FEV1/FVC% (range) 101.4 (92–112) 102.0 (91–122) 0.656
TLC% (range) 100.0 (58–120) 98.5 (65–121) 0.597

Limited disease (fibrosis <20% on baseline CT)
FEV1% (range) 93.1 (67–130) 94.0 (71–130) 0.163
FVC% (range) 89.9 (63–124) 89.8 (68–124) 0.634
FEV1/FVC% (range) 103.3 (88–116) 103.8 (89–124) 0.520
TLC% (range) 98.8 (63–128) 101.0 (67–164) 0.429

Extensive disease (fibrosis >20% on baseline CT)
FEV1% (range) 93.1 (58–139) 92.2 (48–132) 0.667
FVC% (range) 88.6 (48–120) 87.1 (44–126) 0.447
FEV1/FVC% (range) 105.7 (94–114) 106.3 (97–114) 0.582
TLC% (range) 81.3 (48–120) 84.9 (48–129) 0.307

PFTvalues include the percentage predicted values; age, height, and sex group
adjusted (%predicted) of FEV1, TLC, FVC, and FEV1-to-FVC ratio. Overall,
there was no statistically difference in pulmonary function parameters between
the baseline and follow-up CT. Similarly, no significant differences have been
found in the subgroup analysis.

PFT, pulmonary function test; CT, computed tomography; FEV1, forced expi-
ratory volume in 1 second; TLC, total lung capacity; FVC, forced vital capacity.

774 www.investigativeradiology.com
tube with the smaller field of view (35 cm). A 100% dose scan (D100)
was calculated using the combined image information of the 2 tubes.

For reconstruction, a lung convolution kernel (Bl64) at a slice
thickness of 1 mm and an increment of 0.75 mmwas used. An advanced
modeled iterative reconstruction algorithm (ADMIRE, Siemens) at a
level of 3 was applied. To correct for different slice thickness settings
of EID and PCD reconstructions, all EID data were resampled to a uni-
fied slice thickness of 1.5 mm using an in-house MATLAB script ap-
plying cubic interpolation (Release 2019a; MathWorks, Natick, MA)
(see Supplemental Material, http://links.lww.com/RLI/A720).

Follow-up scans were acquired on a dual-source PCD-CT
(NAEOTOM Alpha; Siemens) using tin filtration. Scanning parameters
were as follows: ultra-high resolutionmode, 100 kVp, and an image qual-
ity level of 15. In PCD-CT, the user can choose the quality reference tube
current-time product by selecting among a set of image quality levels. For
reconstruction, a lung convolution kernel (Bl64) at a slice thickness of
1.5 mm and an increment of 1 mm was used. A quantum iterative recon-
struction algorithm at the level of 3 was used as suggested by Sartoretti
et al.28 All scans were performed with automated exposure control.
Scanning and reconstruction parameters are detailed in the supplement
(Supplemental Table 1, http://links.lww.com/RLI/A721).

Image Quality Assessment

Quantitative Image Quality
Image attenuation (in Hounsfield units, HU) and image noise

(defined as standard deviation of attenuation) were measured using a
circular region of interest, which was placed in the subcutaneous fat
by one blinded reader (in training with 3 years of experience). The re-
gion of interest size was fixed at 90 mm2.

Qualitative Image Quality
Qualitative image quality of EID-CT and PCD-CT images was

evaluated by 2 readers (both in training, with 2 and 4 years of experience,
respectively) in a randomized, blinded fashion. Image evaluation was car-
ried out on a picture archiving and communication system (DeepUnity;
Dedalus, DH Healthcare GmbH, Bonn, Germany).

First, readers had to assess overall image quality on a 5-point Likert
scale (1, nondiagnostic; 2, fair, 3,moderate; 4, good; 5, perfect). In a second
step, readers had to separately evaluate image noise (1, nonacceptable
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Objective image assessment. Boxplots comparing different dose levels in EID-CT with PCD-CT for dose, noise, and SNR. SNR, signal-to-noise-
ratio; EID-CT, energy-integrated CT; PCD-CT, photon-counting CT. Asterisk indicates significance (****P ≤ 0.001); ns, not significant.
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image noise; 2, moderate noise; 3, average image noise; 4, fair image
noise; 5, minimal image noise) and sharpness of vessels and bronchi
(1, nonacceptable reduction of sharpness; 2, significantly reduced
sharpness with blurring; 3, minimally reduced sharpness with blurring;
4, minimally reduced sharpness; 5, perfect sharpness).

Detection of Interstitial Lung Disease
The same 2 readers evaluated the presence (yes/no) and extent of

ILD. As formerly proposed, ILD was present if minimum one of the
subsequent findings was found: GGOs, subpleural reticulation with or
without pleural irregularities (fine reticular changes), traction bronchi-
ectasis, and/or honeycombing (coarse reticulation), as proposed for-
merly.5 Scars and band-like changes typical for earlier infection were
not considered as ILD. According to Goh et al,29 the degree of ILD
was rated as no lung involvement, lung involvement below 20% (ie,
limited disease), and lung involvement above 20% (ie, extensive dis-
ease). First, readers were trained on a set of 10 patients with typical
ILD findings (reticulations, honeycombing, and GGO). Second, we
provided a list of 320 image series (including images of the 80 included
patients in 4 different scan modes) in a random manner to the readers.
Readers had to rate if a specific ILD finding was present (yes/no) and
assign confidence levels to the diagnosis (score 1 to 4: 1, not confident;
2, confident only under limited conditions; 3, probably confident; 4,
fully confident).
FIGURE 2. Qualitative image assessment for EID-CT at different dose levels an
CT, photon-counting detector CT.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
Expert readout of the EID-CT D100 data set by a senior radiolo-
gist with 22 years of experience in thoracic imaging was used as stan-
dard of reference and as well as basis for SSc grading.

Statistical Analysis
Quantitative variables were expressed as mean ± standard devia-

tion (SD), whereas categorical variables were expressed as percentages.
Cohen κ was used to assess the interobserver agreement according to
Koch et al30 (none to slight agreement, 0.01–0.20; fair agreement,
0.21–0.40; moderate agreement, 0.41–0.60; substantial agreement,
0.61–0.80; almost perfect agreement, 0.81–0.99). Quantitative variables
were compared using a paired t test. P values were adjusted with
Bonferroni correction for multiple comparisons wherever appropriate.
A P value <0.05 was determined as statistically significant. Sensitivity,
specificity, accuracy, and negative predictive value for the detection of
ILD were calculated with a 95% confidence interval. Calculations were
performed on commercially available software (IBMSPSS Statistics for
Windows, Version 26.0; IBM Corp, Armonk, NY).

RESULTS

Patient Population
The final study population comprised 80 consecutive patients

(median age, 60 years; range, 19–88 years; 64 women). Thirty percent
d PCD-CT with a 5-point Likert scale. EID-CT, energy-integrated CT; PCD-
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of patients (n = 24) showed less than 20% of lung fibrosis (limited dis-
ease), 30% of patients (n = 24) showed more than 20% of lung fibrosis
(extensive disease), and 40% of patients (n = 32) showed no lung fibrosis.
The median time between baseline (EID-CT) and follow-up (PCD-CT)
scan was of 12 ± 2 months (Supplementary Figure 1, http://links.lww.
com/RLI/A722).

Pulmonary Function Parameters
Systemic sclerosis patients had a broad range in lung function

impairment, with a mean FEV1 %predicted at baseline of 95.1% (range,
58%–139%). Mean FEV1/FVC at baseline was 102.8% (range, 88%–
126%), and mean TLC %predicted was 97.3% (range, 48%–159%).
Values obtained on the follow-up visit were not statistically significant
different from the values obtained at baseline (P = 0.439, P = 0.247,
and P = 0.760, respectively). This likewise holds true for the subgroup
analysis for the patients with limited and extensive disease (Table 1).

Radiation Dose
In EID-CT, the mean volume CT dose index (CTDIvol) for D100,

D66, and D33 was 2.30 ± 0.74 mGy, 1.52 ± 0.49 mGy, and 0.76 ±
0.24 mGy, respectively. The mean CTDIvol in PCD-CT was 0.72 ±
0.23 mGy. No significant difference in radiation dose (CTDIvol) was
found between PCD-CT and D33 (0.72 vs 0.76 mGy, P = 0.091). The
radiation dose in the D66 and D100 scans was significantly higher as
compared with PCD-CT (P < 0.001) (Table 2, Fig. 1).

Image Quality Evaluation

Quantitative Image Quality
Mean image noise of PCD-CTwas significantly higher to that of

the D100 (131 ± 15.2 vs 113 ± 12.2; P < 0.001) but significantly lower
FIGURE 3. Chest computed tomography (CT) of a 55-year-old male patient w
EID-CTwith 100%dose (4/4)*, (B) EID-CTwith 66%dose (4/3)*, (C) EID-CTw
are subtle subpleural ground-glass opacities and reticular thickening consisten
reader 2).
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compared with that of the D66 and D33 scans (147 ± 16.4 and 163 ± 17.7
HU; P < 0.001). Similarly, SNR was significantly lower in PCD-CT
than in the D100 scan (0.84 ± 0.13 vs 0.98 ± 0.16; P < 0.001) and sig-
nificantly higher as compared with the D66 and the D33 scans
(0.77 ± 0.15 and 0.67 ± 0.10; P < 0.001) (Table 2, Fig. 1).

Qualitative Image Quality
Overall, agreement between readers for subjective image quality

was substantial to almost perfect (κ = 0.693–0.871). All examinations
obtained a subjective score >1, meaning that readers felt the scans were
acceptable for diagnostic purposes. In all 3 categories (overall image
quality, noise, and sharpness), qualitative scores improved with increas-
ing dose in EID-CT. No significant difference has been found between
D100 and PCD-CT (Figs. 1 and 2).

Overall Image Quality
Mean overall image quality score was 4.71 for D100, 3.77 for

D66, and 2.95 for D33, respectively. In PCD-CT, overall image quality
was rated 4.72. No significant difference was found for the best per-
forming EID-CT scan at D100 and PCD-CT (P = 0.874), whereas D33

and D66 performed significantly worse (P < 0.001). Mean interreader
agreement was substantial (κ = 0.77) (Figs. 3 and 4).

Image Noise
Mean subjective image noise has been rated 4.7 for D100, 3.7 for

D66, and 3.0 for D33, respectively. In PCD-CT, mean image noise was
rated 4.5. D100 performed best (P = 0.014), whereas the performance
of PCD-CT was rated second, followed by D66 and D33. Mean inter-
reader agreement was substantial (κ = 0.77).
ith limited interstitial lung disease (<20% ILD) in SSc in axial plane. A,
ith 33%dose (3/2)*, and (D) images derived fromPCD-CT (4/3)*. There
t with incipient ILD. Asterisk indicates diagnostic confidence (reader 1/

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. Chest computed tomography (CT) of a 43-year-old male patient with limited interstitial lung disease (<20% ILD) in SSc in axial plane. A,
EID-CTwith 100% dose (3/4), (B) EID-CT with 66%dose (3/49), (C) EID-CT with 33%dose (3/3), and (D) images derived from PCD-CT (4/4). There is
subpleural fine reticular thickening as well as ground-glass opacities consistent with ILD.
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Image Sharpness
Mean image sharpness was rated 4.84 for D100, 3.85 for D66,

3.02 for D33, and 4.65 for PCD-CT, respectively. D100 performed best
(P= 0.001), whereas the performance of PCD-CTwas rated second followed
by D66 and D33. Mean interreader agreement was substantial (κ = 0.76).

Detection of Interstitial Lung Disease
Sensitivity of ILD detection was 98% for both readers in D100

and 96.1% (reader 1) versus 98.0% (reader 2) in PCD-CT. Specificity
was equally 96.6% (reader 1) versus 100.0% (reader 2) for D100 and
PCD-CT. An accuracy of 98% and 99% was calculated for D100,
whereas accuracy in PCD-CT was 95% and 98%, respectively. In a
subcohort of limited disease versus no-ILD sensitivity of ILD detection
was 97.3% for both readers in D100 and 94.6% (reader 1) versus 97.3%
(reader 2) in PCD-CT. Specificity was equally 94.7% (reader 1) versus
100.0% (reader 2) for D100 and PCD-CT. An accuracy of 96.4% and
98.2% was calculated for D100, whereas accuracy in PCD-CTwas 97.2%
and 95%, respectively. For detailed results, please refer to Table 3.

No significant difference between D100 and PCD-CT in the diag-
nostic confidence for the exclusion of lung findings associated with
ILD as well as in the detection of limited/extensive disease with a
slightly better performance of PCD-CT regarding the detection in
limited/extensive disease could be shown (3.75 ± 0.44 vs 3.69 ± 0.47
and 3.90 ± 0.31 vs 3.85 ± 0.37, respectively). In diagnostic confidence
regarding the exclusion of lung findings in ILD as well as in the detec-
tion of extensive disease, D66 performed comparable to D100 (P = 0.623
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
vs P = 0.577). The agreement between readers was fair to excellent
(κ = 0.375–0.870) (Table 4).

Differentiation of Interstitial Lung Disease Findings
Overall, interreader agreement for the differentiation of specific

ILD findings (GGOs, fine reticular thickening, coarse reticulation) was
substantial to almost perfect (κ = 0.645–1). Similarly, the diagnostic
confidence for the differentiation of ILD findings was rated similar in
D100 and PCD-CT (P = 0.280). Differences between D66 and D33 to
D100 were statistically significant (P < 0.001) (Table 4).
DISCUSSION
Our results indicated that, with PCD-CT, a radiation dose re-

duction of 66% compared with EID-CT is feasible while conserving
diagnostic image quality and a high diagnostic accuracy for the detec-
tion of SSc-ILD. Although radiation dose in PCD-CTwas similar to the
33% dose EID-CT scan, overall qualitative image quality, image noise,
as well as diagnostic performance remained comparable to the 100%
dose EID-CT scan.

Different approaches for ILD imaging have already been assessed
on quantitative CT,31 MRI,32 and nuclear medicine imaging.33 To date,
CT is considered the reference standard for the evaluation of ILD.34,35

Repetitive CT scanning, however, is controversial due to repetitive patient
exposure to ionizing radiation during long-term follow-up imaging.
Decreasing radiation dose, however, may go along with deterioration
www.investigativeradiology.com 777
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TABLE 4. Subjective Analysis Result of Diagnostic Confidence in ILD
Assessment

ILD Typical Changes Mode
Diagnostic Confidence
(Reader 1/Reader 2) κ n

No lung changes
associated with ILD

EID-CT (D100) 3.86 ± 0.35/3.77 ± 0.43 0.699 32
EID-CT (D66) 3.82 ± 0.39/3.73 ± 0.46 0.744 32
EID-CT (D33) 3.05 ± 0.72/3.00 ± 0.62 0.759 32
PCD-CT 3.82 ± 0.39/3.82 ± 0.39 0.694 32

Limited disease
<20% ILD

EID-CT (D100) 3.78 ± 0.43/3.61 ± 0.50 0.62 24
EID-CT (D66) 3.28 ± 0.46/3.33 ± 0.49 0.87 24
EID-CT (D33) 2.67 ± 0.49/2.50 ± 0.71 0.737 24
PCD-CT 3.78 ± 0.43/3.72 ± 0.46 0.667 24

Extensive disease
>20% ILD

EID-CT (D100) 3.90 ± 0.32/3.80 ± 0.42 0.615 24
EID-CT (D66) 3.80 ± 0.42/3.80 ± 0.42 0.375 24
EID-CT (D33) 3.40 ± 0.52/3.30 ± 0.48 0.783 24
PCD-CT 3.90 ± 0.32/3.90 ± 0.32 0.787 24

Ground-glass
opacities

EID-CT (D100) 3.96 ± 0.20/3.94 ± 0.24 0.79 80
EID-CT (D66) 3.64 ± 0.49/3.60 ± 0.50 0.915 80
EID-CT (D33) 2.66 ± 0.52/2.66 ± 0.52 0.821 80
PCD-CT 3.90 ± 0.30/3.86 ± 0.35 0.811 80

Fine reticular
thickening

EID-CT (D100) 3.90 ± 0.30/3.88 ± 0.33 0.645 80
EID-CT (D66) 3.72 ± 0.45/3.74 ± 0.44 0.848 80
EID-CT (D33) 2.76 ± 0.43/2.72 ± 0.45 0.896 80
PCD-CT 3.86 ± 0.35/3.88 ± 0.33 0.735 80

Coarse reticulation EID-CT (D100) 3.94 ± 0.24/3.96 ± 0.20 0.79 80
EID-CT (D66) 3.88 ± 0.33/3.96 ± 0.20 0.912 80
EID-CT (D33) 3.74 ± 0.44/3.76 ± 0.43 0.84 80
PCD-CT 3.98 ± 0.14/3.98 ± 0.14 1 80

Detection and distinction in no lung changes, limited, and extensive disease
were assessed and evaluated on a 4-point Likert scale.

ILD, interstitial lung disease, EID-CT, energy-integrated CT; PCD-CT,
photon-counting detector CT.

TABLE 3. Diagnostic Accuracy in Detecting ILD Changes

EID-CT (D100)
Reader 1; Reader 2

EID-CT (D66)
Reader 1; Reader 2

EID-CT (D33)
Reader 1; Reader 2

PCD-CT
Reader 1; Reader 2

Sensitivity (CI) 98.0% (94.2%–100.0%);
98.0% (94.2%–100.0%)

94.1% (87.6%–100.0%);
96.1% (90.8%–100.0%)

92.2% (84.7%–99.5%);
92.2% (84.8%–99.5%)

96.1% (90.8%–100.0%);
98.0% (94.2%–100.0%)

Specificity (CI) 96.6% (89.9%–100.0%);
100.0% (100.0%–100.0%)

100.0% (100.0%–100.0%);
96.6% (89.9%–100.0%)

93.1% (83.9%–100.0%);
93.1 (83.9%–100.0%)

96.6% (89.9%–100.0%);
100.0% (100.0%–100.0%)

Accuracy (CI) 97.5% (91.3%–99.7%);
98.8% (93.2%–100.0%)

96.3% (89.4%–99.2%);
96.3% (89.4%–99.2%)

92.5% (84.4%–97.2%);
92.5% (84.4%–97.2%)

96.3% (89.4%–99.2%);
98.8% (93.2%–100.0%)

NPV (CI) 96.6% (89.9%–100%);
96.7% (90.2%–100.0%)

90.6% (80.5%–100.0%);
93.3% (84.4%–100.0%)

87.1% (75.3%–98.9%);
87.1% (75.3%–98.9%)

93.3% (84.4%–100.0%);
96.7% (90.2%–100.0%)

Table indicating diagnostic accuracy of the different scanning protocols.

ILD, interstitial lung disease; EID-CT, energy-integrated CT; PCD-CT, photon-counting detector; CI, confidence interval; NPV, negative predictive value.
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of image quality, hampering the detection of subtle lung parenchymal
changes encountered in early SSc-ILD.36

Reduced-dose CT protocols with a fraction of radiation exposure
compared with whole-chest HRCT for detecting of SSc-ILD have been
under evaluation.5,15 There is already proof for the feasibility of a lim-
ited slice EID-CT protocol with a substantial reduced radiation dose
reaching effective dose levels of 0.014 mSv.5

Contrary to EID-CT, PCD-CTmeasures the energy aswell as the
number of photons.37 Registered photons lead to an electrical pulse,
which is proportional to the pulse height of each individual photon en-
ergy.17 By considering only pulses that are larger than a specific preset
threshold, the electric noise below this specific threshold can be elimi-
nated.16,38,39 In diseases, such as ILD, attenuation changes of 1 to 3
HU may indicate a progression of severity.40 Therefore, an increase in
image noise could reduce the diagnostic confidence substantially.

In our study, mean radiation dose could be lowered from
2.31 mGy to 0.73 mGywithout a penalty in image quality and diagnostic
confidence for SSc-ILD evaluation.

To simulate lower dose values in EID-CT, we used a scan mode
that is only available on dual-source CT scanners, in which the tube cur-
rent of both x-ray tubes is adapted separately.27 Thus, it is possible to
generate 3 different CT data sets of different radiation doses (in our
case, 100%, 66%, and 33% of the total dose) from a single, and most
importantly, dose-neutral, CT scan.

Photon-counting detector CT substantially outperformed EID-CTat
similar dose levels with reference to overall image quality, image noise, and
image sharpness. Further, we noted also a substantial drop in reader
confidence between D100/PCD-CT and D33 images, likely having im-
pact on the detection of early and subtle lung changes emphasizing
again the strength of PCD-CT (spatial resolution and elimination of
electronic noise). In terms of ILD, this could lead to an improved detec-
tion of minor lung parenchymal changes, potentially leading to an ear-
lier detection of ILD of SSc-ILD. These findings may be translatable
also to other ILDs. Similarly, other prototype and preclinical PCD-CT
studies found improved image quality at low-dose levels comparedwith
EID-CT. For example, Ferda et al41 reported superior subjective image
quality for PCD-CT in comparison to EID-CT at similar dose levels.
Pourmorteza et al21 found that PCD-CT is able to decrease image noise
compared with conventional EID-CT at similar dose levels. Symons
et al,22 who evaluated dose-reduced chest PCD-CT scans, could show
an improvement in diagnostic quality in the evaluation of lung nodules
as compared with EID-CT. Still, there are further possibilities with
PCD-CT regarding optimization of scanning parameters and postprocessing
such as matrix size (up to 1024 � 1024 pixel), ultra-high resolution
mode (down to 0.2 mm slice thickness), and different kernels or higher
reconstruction levels (up to quantum iterative reconstruction 4), which
should be evaluated and addressed in future studies.
778 www.investigativeradiology.com
Altogether, our results indicate that a considerable dose reduc-
tion for ILD assessment in SSc patients is feasible in PCD-CT, while
conserving image quality and diagnostic performance. We hypothesize
that this holds true also for other ILDs.

Our study has the following limitations that must be acknowl-
edged. First, due to different default settings for HRCT in EID- and
PCD-CT and the retrospective setting of our study, slice thickness had
to be retrospectively unified to 1.5 mm using cubic interpolation of
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

www.investigativeradiology.com


Investigative Radiology • Volume 57, Number 12, December 2022 Dose Reduction in Photon-Counting CT for SSc-ILD
the readily reconstructed data. Second, the increment in PCD-CTwas
different from EID-CT (1 and 0.75 mm). Third, the EID-CT scans,
which we used as reference standard, were acquired within a median
of 1 year before the PCD-CT scan. Potential changes in the exten-
sion or type of interstitial changes over time might have had an im-
pact on our results. However, PFT at baseline was not statistically
significant different from the follow-up visit. Fourth, as one of the
first clinically used PCD-CT systems, optimal scanning and recon-
struction parameters still need to be tested. The parameters used for
this study are suggested by the vendor and are under frequent eval-
uation. Fifth, there was no delay between the reading sessions.
However, because the 320 image sets were randomized between pa-
tients and reconstructions (D33, D66, D100, and PCD-CT), recall-bias
should be limited.

In conclusion, PCD-CT has the potential for a radiation dose re-
duction compared with conventional EID-CT systems while maintain-
ing image quality and diagnostic performance for detecting SSc-ILD.
It is expected that our results hold not only true for SSc-ILD but can
be translated to the broad category of ILDs underlining the utility and
importance of our findings.
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