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-ray dark-field imaging has recently been introduced
Xas a potential low-dose technique for the imaging of
pulmonary diseases, both in animal studies and in hu-
mans (1). It measures the number of multiple refrac-
tions at air-tissue interfaces, such as in the alveoli, and
the signal is reduced when the alveolar integrity is im-
paired (2,3). Irradiation of lung cancer or pulmonary
metastases may lead to postirradiation changes. These
include early transient radiation pneumonitis and sub-
sequent radiation fibrosis, which has previously been
investigated in multiple animal studies (4). Because
lung fibrosis leads to the destruction of alveoli (a de-
crease in air-tissue interfaces), x-ray dark-field radiog-
raphy has been shown to be particularly useful for its
detection (5). A previous study has shown that a dark-
field CT scanner was able to provide three-dimension-
al information on the alveolar structure and allow for
the detection of pulmonary fibrosis at a single time
point in an animal model (6). The aim of this study
was to evaluate the benefit of dark-field CT imaging
compared with conventional (attenuation-based) CT
imaging in a longitudinal mouse model for the detec-
tion of radiation-induced lung injury.

Materials and Methods

Full methods are provided in Appendix E1 (online).
In brief, we compared conventional CT imaging to
dark-field CT imaging in a murine model with radi-
ation-induced lung injury in the right lung (n = 6)
and a nonirradiated control group (7 = 6). Animals
were scanned before irradiation and 12, 16, 20, and
24 weeks thereafter. Three radiologists assessed the im-
ages twice for the presence of lung injury and rated
their confidence on a scale from 1 to 5. Sensitivity was
defined as the percentage of readings in which irradi-
ated mice were classified correctly. The interrater and
intrarater reliability was determined and rated with the
Fleiss k and Cohen k, respectively. For the quantitative
analysis, the ratio of the mean pixel value of the right
lung to that of the left lung was calculated'. Results
from the irradiated group were compared with those

of the control group by using the Student # test. P <
.05 was chosen as indicative of statistically significant
difference?.

Results

Figure 1 shows a selection of sections of the CT scans
in one mouse from the irradiated group before irradia-
tion (0 weeks) as well as 16 and 24 weeks thereafter.
Twelve weeks after irradiation, the sensitivity for lung
fibrosis was 36.7% (95% CI: 18.4, 55.0; 11 of 30)
for conventional CT and 53.3% (95% CI: 34.4, 72.3;
16 of 30) for dark-field imaging (P = .006) (Fig E1l
[online®]). The greater sensitivity of dark-field imaging
was maintained at 16 weeks (conventional CT, 50.0%
[95% CI: 32.8, 67.2; 18 of 36] vs dark-field CT, 91.7%
[95% CI: 82.2, 100.0; 33 of 36]; P < .001%). No dif-
ferences were found in sensitivity at 20 or 24 weeks
(Fig E1 [online’]). Intra- and interreader reliabilities
can be found in Table E1 (online). The overall me-
dian confidence score was 3 for conventional imaging
and 5 for dark-field imaging (Fig E2 [online]). In the
control group, the ratio of the mean pixel value of the
right lung to that of the left lung did not change over
time for either method (Fig 2A, 2C). In the irradiated
group, the ratio increased over time for conventional
CT scans, while it decreased for dark-field CT scans
(Fig 2B, 2D; Table E2 [online]). For conventional
scans, the difference between the irradiated group and
the control group was significant at 20 weeks and 24
weeks (Fig 2B), while the ratio for the dark-field scans
was different starting at 16 weeks (Fig 2D, Table E3
[online®]).

Discussion

Our study demonstrates that dark-field CT imaging
allows for the detection of radiation-induced lung in-
jury at early stages and, in that respect, is beneficial
compared with conventional CT imaging. Dark-field
chest radiography has shown utility for lung imag-
ing in animal models and recently in humans (1-3).

This study shows the feasibility of dark-field CT for
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Figure 1: (A-C) Convenfional and (D=F) dark-field CT images in a mouse before iradiation of the right lung (O weeks) and 16 and 24 weeks
after irradiation. Conventional images show an increase of signal intensity in the right lung, while dark-field images show a decrease of signal infen-
sity. Both imaging techniques show typical signs of lung fibrosis (arrowheads); however, they are more subtle in conventional images'.
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of dark-field CTand  the cylindrical grating geometry further complicates
scanners?eh e production’. Moreover, the fast rotation times, with
all associated vibrational instabilities, pose many algorith-
mic challenges. These obstacles will need to be solved before
the use of dark-field CT for pulmonary disease in humans
is possible.
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