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Abkürzungsverzeichnis 

ALARA As Low As Reasonably Achievable 

BMI Body Mass Index 

CT Computertomographie 

CTDI CT-Dosisindex 

EID Energie-integrierender Detektor 

HRCT High-resolution CT 

PCD Photon-Counting Detektor 

SNR Signal-Rausch-Verhältnis (signal-to-noise ratio) 

 

  



Zusammenfassung 

1 

1 Zusammenfassung 

Der Einsatz von Photon-Counting Detektoren (PCD) in der Computertomographie (CT) 

verspricht deutliche Verbesserungen durch hohe räumliche Auflösung, Reduktion des 

Bildrauschen und inhärente Spektralinformation (1–4). Im Jahr 2021 wurde das erste PCD-

CT-Gerät für den klinischen Routinebetrieb zugelassen. Ein solches CT-Gerät wurde im 

August 2021 in der Klinik für Radiologie der Universitätsmedizin Mainz in Betrieb genommen. 

Im Gegensatz zu bisherigen CT-Detektoren, bei denen die Röntgenphotonen zunächst in 

einem Szintillationskristall in optisches Licht umgewandelt werden, entsteht in dem 

Detektionskristall eines PCD direkt ein elektronisches Signal in Form von Elektron-Loch-

Paaren. Durch die direkte Umwandlung in elektronische Impulse beim PCD können einzelne 

Röntgenphotonen und ihre zugehörige Energie erfasst werden. Im Vergleich dazu werden die 

Röntgenphotonen und ihre Energie bei konventionellen CT-Detektoren gebündelt erfasst, 

weshalb diese auch als Energie-integrierende Detektoren (EID) bezeichnet werden.  

Die Einführung von CT-Geräten mit Photon-Counting Detektoren (PCD-CT) ermöglicht höhere 

Auflösungen sowie verbesserte Rauschverhältnisse. Dadurch kann unter anderem die 

Bildgebung der Lunge relevant verbessert und gleichzeitig die Strahlenexposition minimiert 

werden (1,5–9). Ziel dieser Arbeit war einen intra-Patienten Vergleich bezüglich Strahlendosis 

und Bildqualität zwischen der neuen PCD-CT und einer konventionellen EID-CT für die 

Lungenbildgebung durchzuführen. 

In die Untersuchung wurden 32 Patienten eingeschlossen, bei denen sowohl eine 

hochauflösende CT-Untersuchung der Lunge (high-resolution CT, HRCT) mittels EID-CT als 

auch mittels PCD-CT verfügbar war. Ausschlusskriterium war ein Unterschied im BMI 

zwischen den beiden Untersuchungen größer als 2,5 kg/m2. Zur Bestimmung der 

Strahlenexposition der CT-Untersuchungen wurde der CT-Dosisindex (CTDIvol) den 

Dosisberichten entnommen. Eine subjektive Analyse der Bildqualität wurde durch zwei 

Untersucher unter Verwendung einer 5-Punkte Likert-Skala durchgeführt. Hierfür wurden die 

Gesamtqualität der Bilder, der Einfluss des Rauschens und Auflösungskriterien des 

Lungenparenchyms sowie der mediastinalen Strukturen bewertet. Des Weiteren wurden im 

Rahmen einer quantitativen Bildanalyse das Rauschen in den Bildern sowie das Signal-zu-

Rausch-Verhältnis (SNR) im Lungenparenchym, in der Trachea, in der Aorta, im 

Muskelgewebe und im Hintergrund gemessen. 

Der mittlere CTDIvol war bei den Untersuchungen mittels PCD-CT (0,9 ± 0,5 mGy) nur halb so 

groß (Faktor 0,5) wie bei den Untersuchungen mittels EID-CT (1,8 ± 0,5 mGy, p<0,001). Die 

subjektive Bewertung der Bildqualität fiel bei den Bildern der PCD-CT bei beiden Untersuchern 
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signifikant besser aus (p<0,001). Die quantitative Bildanalyse ergab keine signifikanten 

Unterschiede bezüglich des Rauschens und des SNR des Lungenparenchyms. 

Zusammenfassend konnte in dieser Arbeit gezeigt werden, dass PCD-CT in Kombination mit 

Zinnfilterung der Röntgenstrahlung zu objektiv stabiler Bildqualität bei halber 

Strahlenexposition führt, wobei subjektiv in manchen Bewertungskriterien sogar eine 

Verbesserung der Bildqualität festgestellt wurde. Dadurch konnten Ergebnisse, welche in 

Studien an PCD-CT Prototypen gewonnen wurden (5–7), im klinischen Routinebetrieb 

bestätigt werden. 
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1=very poor, 2=poor, 3=moderate, 4=good, 5=very good.
The scale for noise and artifacts had the following categories:
1=major, 2= substantial, 3=moderate, 4=minor, 5=none.

Quantitative Image Analysis
An additional radiology resident with 3 years of

experience in thoracic CT assessed the objective image
quality for all examinations. Regions of interest with an area
of 50 to 80 mm2 were placed in the vessel-free, non-
pathologic lung parenchyma in the upper lobe of both lungs,
the supracarinal region of the trachea, the descending aorta,
the right autochthonous spinal muscle, and in the back-
ground air. Attenuation values and image noise (defined by
the standard deviation of the attenuation values) were
extracted, and the signal-to-noise ratio (SNR) was calcu-
lated by dividing the mean attenuation by the noise of the
identical regions of interest.

Statistical Analysis
All statistical analyses and graphic design were per-

formed with R 4.0.3 (A Language and Environment for

Statistical Computing, R Foundation for Statistical
Computing, http://www.R-project.org; last accessed 31
January 2022). Categorical and binary baseline parame-
ters are reported as absolute numbers and percentages.
Ordinal-scaled variables were reported as medians and
interquartile ranges. Interval-scaled variables were
reported as means and SDs. Distributions between EID-
CT and PCD-CT were compared using the 2-sided Wil-
coxon rank test. P-values <0.05 were considered statisti-
cally significant.

RESULTS

Baseline Characteristics
Among the 32 patients included in the analysis, 16

(50.0%) were male. Baseline characteristics of the study pop-
ulation are depicted in Table 2. Median time interval between
both scans was 209 days (interquartile ranges 96 to 544 d).

Radiation Dose
Overall, CTDIvol was 2.0 times higher in the conven-

tional EID-CT scans (1.8 ± 0.5 mGy) compared with scans
with the PCD-CT (0.9± 0.5 mGy, P< 0.001) on average.
These differences were persistent throughout various BMI
classes (Fig. 2). The same tendency was observed for the
DLP, which was 2.0 times higher in the conventional EID-
CT scans (65.9 ± 17.6 mGy×cm) compared with scans with
the PCD-CT (32.5 ± 16.7 mGy×cm, P< 0.001) on average.
The effective dose was also 2.0 times higher in conventional
EID-CT scans (0.92± 0.33 mSv) compared with scans with
the PCD-CT (0.46 ± 0.27 mSv, P< 0.001) on average.

Subjective Image Quality
Regarding quality of the lung images, the overall

image quality and visually sharp reproduction of the lung

TABLE 2. Baseline Characteristics of the Study Population

Characteristic n= 32

Median age, years (IQR) 58 (53-63)
Sex, n (%)
Female 16 (50.0)
Male 16 (50.0)

Median body height, cm (IQR) 171 (166-179)
Median body weight, kg (IQR) 78 (63-86)
Mean BMI, kg/m2 (SD) 25.8 (4.8)
Mean BMI change between both

scans, kg/m2 (SD)
0.1 (1.1)

BMI < 25 BMI 25 - 30 BMI > 30

EID-CT PCD-CT EID-CT PCD-CT EID-CT PCD-CT

0

1

2

3

C
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FIGURE 2. CTDIvol between EID-CT and PCD-CT for different intervals of BMI.

J Thorac Imaging ! Volume 00, Number 00, ’’ 2022 Dose and Image Quality in Photon-counting HRCT
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parenchyma, lung vessels, pleuromediastinal border, and
the border between the lung and the thoracic wall were
rated significantly better in PCD-CT scans compared with
EID-CT scans (Fig. 3, Table 3). No significant differences
were observed for the subjective image noise of the lung
parenchyma. A comparison of the evaluation by all 3
raters in consensus and independently is depicted in
Table 3. Figure 4 shows an example image for both EID-
CT and PCD-CT.

In relation to the subjective quality of mediastinal
images, the overall image quality, noise, artifacts, and reso-
lution of the trachea were ranked significantly better in scans
acquired with the PCD-CT compared with conventional
EID-CT (Fig. 5, Table 4). No significant difference was
observed for the resolution of the lymph nodes and the
esophagus. A comparison of the evaluation between all three
raters is depicted in Table 4.

Objective Image Quality
Concerning objective image quality, no differences

were observed for noise and SNR of the lung parenchyma
(Table 4). Furthermore, for all mediastinal structures beside
the trachea, noise and SNR were significantly better in
PCD-CT scans (Table 5).

DISCUSSION
This study aimed to investigate the potential benefits

of the first-generation dual-source PCD-CT system
approved for clinical use with regard to image quality and
dose reduction in HRCT scans using an intra-patient
comparison.

CTDIvol, DLP, and estimated effective dose were all
significantly lower for PCD-CT examinations. These dif-
ferences remained stable regardless of the patient’s BMI.
Regarding objective image quality, no significant differences
in noise and SNR were observed for the lung parenchyma.
However, whereas the EID-CT protocol used a fixed matrix
size of 512 resulting in a mean pixel size of 0.8×0.8 mm2, an
adaptive matrix size algorithm was used at the PCD-CT,
which fixes the pixel size for lung reconstructions within a
small range of around 0.5×0.5 mm2. Therefore, the lung
images of the PCD-CT have 60% smaller pixel sizes. Exe-
cuted on the same CT system, this modification would lead
to an equivalent reduction of the SNR, which emphasizes
the inherent advantages of the PCD-CT. The SNRs of the
mediastinal structures (besides the trachea) were sig-
nificantly higher in PCD-CT scans. Furthermore, better
qualitative imaging ratings were achieved due to the above-
mentioned smaller pixel size, in addition to other factors.

PCD-CT has the potential to significantly improve
imaging of the lung parenchyma through use of smaller
detectors (leading to higher spatial resolution) and the
reduction of electronic noise on electronic pulse height
analysis. Photon-counting detectors make the indirect pho-
ton conversion with a scintillator material into visible pho-
tons an unnecessary step.3 So far, only a few preliminary
studies have investigated the potential of PCD-CT for
imaging of the lung parenchyma with a focus on recon-
struction parameters.1 In a recent study, Si-Mohamed et al11
demonstrated that a matrix of 1024 and a large field-of-view
of 300 mm in combination with a small slice thickness of
0.25 mm led to greater conspicuity and sharpness of lung
structures with better subjective image quality in scans
acquired with a spectral PCD-CT prototype. In this
feasibility study a considerable smaller voxel size was
used. However, a higher dose (CTDIvol of 1.11 mGy) was
necessary even in the low-dose protocol.

Regarding radiation dose and image quality, the results
of our study confirm previous in vitro and in vivo results for
the potential of PCD-CT in chest imaging.4 Through the
suppression of electronic noise, PCD-CT may lead to a
theoretically better attenuation stability and less image noise
at comparable scan parameters. These results were first
confirmed on patient scans in 2017, when Symons and col-
leagues reported up to 16.8% noise reduction and an
increase in the lung nodule contrast-to-noise ratio of 21.0%.
In their study, PCD-CT dose-reduced contrast-enhanced
chest CT yielded better subjective and objective image
quality than EID-CT acquired at the same dose levels.

However, to date, a translation of these promising
results into the clinical routine is missing. Thus, our results
provide an important snapshot of the current capability of
PCD-CT when used in clinical routine. Under these
circumstances, the substantial dose reduction with accept-
able diagnostic image quality may be the most remarkable
result of our study. Starting from these benchmarks, future
prospective investigations are needed to prove the promising
in vitro results for the imaging of specific pathologies such as
interstitial lung disease imaging or the characterization of

TABLE 3. Subjective Image Quality of Lung Structures

EID-CT PCD-CT P

Overall image quality
All raters 4 (3-4) 4 (4-5) < 0.001
Rater 1 4 (4-4) 5 (4-5) < 0.001
Rater 2 3 (3-4) 4 (4-4) < 0.001
Rater 3 4 (3-4) 4 (4-5) < 0.001

Noise
All raters 3 (3-4) 3 (3-4) 0.682
Rater 1 4 (4-4) 4 (3-4) 0.422
Rater 2 3 (3-3) 3 (3-3) 0.755
Rater 3 3 (3-4) 4 (3-4) 0.549

Artifacts
All raters 4 (4-5) 5 (5-5) < 0.001
Rater 1 4 (3-5) 5 (4-5) 0.003
Rater 2 4 (4-5) 5 (5-5) 0.008
Rater 3 4 (4-5) 5 (5-5) 0.011

Visually sharp reproduction lung parenchyma
All raters 3 (3-4) 4 (4-5) < 0.001
Rater 1 3 (3-4) 5 (4-5) < 0.001
Rater 2 3 (3-4) 4 (4-4) < 0.001
Rater 3 3 (3-4) 4 (4-5) < 0.001

Visually sharp reproduction lung vessels
All raters 3 (3-4) 4 (4-5) < 0.001
Rater 1 4 (3-4) 5 (4-5) < 0.001
Rater 2 3 (3-3) 4 (4-4) < 0.001
Rater 3 4 (3-4) 4 (4-5) < 0.001

Visually sharp reproduction pleuromediastinal border
All raters 4 (3-4) 5 (4-5) < 0.001
Rater 1 4 (4-4) 5 (5-5) < 0.001
Rater 2 3 (3-3) 4 (4-4) < 0.001
Rater 3 4 (3-4) 4 (4-5) < 0.001

Visually sharp reproduction between the lung and thoracic wall
All raters 3 (3-4) 4 (4-5) < 0.001
Rater 1 4 (4-4) 5 (5-5) < 0.001
Rater 2 3 (3-3) 4 (4-4) < 0.001
Rater 3 4 (3-4) 5 (4-5) < 0.001

Values are depicted as median (IQR).
EIC-CT indicates conventional energy-integrating CT; PCD-CT,

photon-counting CT.

Graafen et al J Thorac Imaging ! Volume 00, Number 00, ’’ 2022

4 | www.thoracicimaging.com Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

 

  



Publikation 

7 

lung nodules.12,13 The dose reduction may be especially
beneficial for use in HRCT for lung cancer screening, in
which predominantly healthy persons are examined.

The achieved dose reduction in the PCD-CT is not only
caused by the minimum degradation of the PCD from electronic
noise but also by the use of a tin filter, which generates a beam
hardening of the x-ray spectra. Several studies have investigated
the potential of tin filter use in dual-source CT systems for
significant dose reduction. Particularly, the application of

ultra–low-dose protocols for lung imaging has been
evaluated.6,14,15 Haubenreisser et al16 and Wressnegger et al17
compared the use of a tin filter for chest CT. In the latter study,
an equivalent retrospective design was used comparing a second-
generation and a third-generation dual-source CT. They
reported a 65% dose reduction while maintaining highly diag-
nostic image quality. They compared previous CT scans without
tin filtration or iterative reconstruction, whereas in our study
both lung image reconstructions were performed with the

A B

C D

E F

FIGURE 3. Subjective image quality of lung structures. Distribution of the 5-point Likert scale categories for image quality and resolution
(very poor, poor, moderate, good, very good) and for noise and artifacts (major, substantial, moderate, minor, none). A Overall image
quality, (B) Image noise, (C) Image artifacts, (D) Visually sharp reproduction lung parenchyma, (E) Visually sharp reproduction vessels, (F)
Visually sharp reproduction pleuromediastinal border.

J Thorac Imaging ! Volume 00, Number 00, ’’ 2022 Dose and Image Quality in Photon-counting HRCT
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maximum possible iterative reconstruction level. Furthermore,
they reported an effective dose reduction from 3.7 to 1.3 mSv,
whereas the dose reduction in our study was on a much lower
level (0.92 to 0.46 mSv). Haubenreisser et al17 reported even a
lower effective dose of 0.32 mSv on a third-generation dual-
source CT using tin filtration. However, the images were

reconstructed with a slice thickness of 1.5 mm in this study, while
we reconstructed the images with a slice thickness of 1.0 mm.
Hence, our study compromises the established benefits of tin
filtration on the beam side, while using a novel PCD system on
the detector side. With this combination, we were able to dem-
onstrate stable image quality at sub-mSv radiation dose levels.

Notably, the EID-CT scan protocol has been clinically
optimized over the years resulting in a minimum radiation
dose for the used slice thickness of 1 mm. At the used EID-
CT, slice thickness can be decreased down to 0.67 mm, which
would require higher radiation dose values to keep noise and
SNR values constant. For the PCD-CT, a default “factory”
protocol had been adopted, while no clinical results were
available and experience was limited so far. Using equal dose
levels in PCD-CT and EID-CT, the latter would presumably
have exhibited greater noise and lower qualitative sharpness.
In the future, further optimization of scan parameters for the
PCD-CT may be achievable resulting in ultra–low-dose
high-resolution protocols or low-dose ultra-high-resolution
protocols which should be addressed in future studies.

This study is limited by several factors. First and
foremost, the study had a retrospective design and was a
single-center study with a moderate number of patients.
Second, body composition of the patients could have
changed between both scans. However, patients with sig-
nificant BMI changes between both scans were therefore
excluded from further analysis. Third, scan protocols for
EID-CT and PCD-CT varied with regard to the applied
scan parameters, as these were standard settings by the
manufacturers. With a total collimation of 57.6 mm and a
single collimation of 0.4 mm, we did not use the whole
capability of spatial resolution of the PCD-CT, which
allows for a single collimation down to 0.2 mm in the
ultra-high-resolution (UHR) mode. However, the UHR
mode requires higher radiation dose and longer scan times.
In our clinical routine, the applied scan parameters ena-
bled an acceptable sharpness of the structures and a good
SNR. Furthermore, this allowed for faster scan times
leading to less motion artifacts, while dose was within an
acceptable range. Nevertheless, the advantages of the
UHR mode for high-resolution CT of the chest should be
part of future studies. However, although the PCD-CT

A B

FIGURE 4. Example images for EID-CT (A) and PCD-CT (B) with a focus on visually sharp reproduction of the vessels (green boxes) and
the pleuromediastinal border (orange boxes). The time between the acquisition of both scans was 97 days. CTDIvol was 1.5 mGy for the
EID-CT scan and 0.8 mGy for the PCD-CT scan. The patient’s BMI was within the category “overweight” and increased ~0.9 kg/m2

between both scans.

TABLE 4. Subjective Image Quality of Mediastinal Structures

EID-CT PCD-CT P

Overall image quality
All raters 3 (3-3) 4 (3-4) < 0.001
Rater 1 3 (3-4) 4 (4-4) < 0.001
Rater 2 3 (3-3) 3 (3-4) 0.001
Rater 3 3 (3-3) 4 (3-4) < 0.001

Noise
All raters 3 (3-3) 3 (3-4) < 0.001
Rater 1 3 (3-4) 4 (3-4) 0.001
Rater 2 3 (3-3) 3 (3-3) 0.316
Rater 3 3 (3-3) 3 (3-4) 0.006

Artifacts
All raters 4 (3-5) 5 (4-5) < 0.001
Rater 1 3 (3-4) 5 (4-5) < 0.001
Rater 2 4 (3-5) 5 (5-5) < 0.001
Rater 3 4 (3-5) 5 (4-5) 0.001

Visually sharp reproduction trachea
All raters 3 (3-4) 4 (4-5) < 0.001
Rater 1 4 (4-5) 5 (4-5) 0.156
Rater 2 3 (3-3) 4 (4-4) < 0.001
Rater 3 3 (3-4) 4 (4-4) < 0.001

Visually sharp reproduction lymph nodes
All raters 3 (3-4) 3 (3-4) 0.129
Rater 1 4 (4-4) 4 (4-4) 0.776
Rater 2 3 (3-3) 3 (3-4) 0.025
Rater 3 3 (3-3) 3 (3-4) 0.059

Visually sharp reproduction esophagus
All raters 3 (3-4) 3 (3-4) 0.082
Rater 1 4 (3-4) 4 (3-4) 0.690
Rater 2 3 (3-3) 3 (3-3) 0.171
Rater 3 3 (3-3) 3 (3-4) 0.143

Values are depicted as median (IQR).
EIC indicates conventional energy-integrating CT; PCCT, photon-

counting CT.

Graafen et al J Thorac Imaging ! Volume 00, Number 00, ’’ 2022
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had a lower kVp potentially leading to higher image noise,
significant differences in SNR were observed only for the
trachea, whereas the SNR for mediastinal structures was
improved in PCD-CT scans. Fourth, we compared the
PCD-CT to a more than 10-year-old EID-CT and did not
compare our results to the newest state-of-the art EID-CT
scanners. However, this is the current clinical standard in
our institution. We believe this could represent a situation
that many institutions face in current times when

evaluating whether to purchase a dual-energy, ultra–high-
resolution or photon-counting detector system during the
renewal process.

In this intra-patient comparison of HRCT scans, PCD-
CT with tin filtration led to stable objective and even partially
increased subjective image quality at half radiation dose levels
compared with conventional EID-CT scans. Thus, this study
confirmed preliminary study experiences from PCD-CT pro-
totypes with real-world data, and expands the knowledge about

A B

C D

E F

FIGURE 5. Subjective image quality of mediastinal structures. Distribution of the 5-point Likert scale categories for image quality and
resolution (very poor, poor, moderate, good, very good) and for noise and artifacts (major, substantial, moderate, minor, none). A,
Overall image quality, (B) Image noise, (C) Image artifacts, (D) Visually sharp reproduction trachea, (E) Visually sharp reproduction lymph
nodes, (F) Visually sharp reproduction esophagus.

J Thorac Imaging ! Volume 00, Number 00, ’’ 2022 Dose and Image Quality in Photon-counting HRCT
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improving HRCT application in daily clinical routine by
combining spectral shaping with tin filtration and photon-
counting detector technology. Effects on clinical decision-
making and the applicability of PCD-HRCT on different lung
diseases have to be studied in prospective studies.
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TABLE 5. Objective Image Quality of Lung and Mediastinal
Structures

Structure EID-CT PCD-CT P

Lung parenchyma
Attenuation 894.0 (30.1) 885.0 (30.5) 0.235
Noise 66.9 (19.1) 70.9 (11.4) 0.151
SNR 13.7 (4.1) 12.5 (2.5) 0.268

Trachea
Attenuation 971.0 (14.2) 1002.0 (21.8) < 0.001
Noise 55.1 (20.8) 70.7 (11.8) < 0.001
SNR 19.8 (6.6) 14.6 (2.7) < 0.001

Aorta
Attenuation 34.5 (10.4) 38.4 (8.8) 0.156
Noise 22.8 (8.0) 18.4 (3.5) 0.027
SNR 1.7 (0.9) 2.2 (0.7) 0.027

Muscle
Attenuation 38.0 (10.2) 47.0 (8.8) < 0.001
Noise 24.0 (9.0) 18.8 (4.4) 0.010
SNR 1.8 (0.7) 2.6 (0.8) < 0.001

Background
Attenuation 995.0 (5.8) 996.0 (7.7) 0.095
Noise 18.2 (11.0) 14.1 (7.4) 0.016
SNR 66.1 (23.4) 80.1 (23.8) 0.026

All numbers are depicted as mean (SD).
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3 Diskussion 

Ziel dieser Arbeit war die Vorteile der PCD-CT bei der HRCT der Lunge in einem intra-

Patienten Vergleich bezüglich Bildqualität und Dosisreduktion zu untersuchen. 

Hierbei konnte erstmalig in der klinischen Routine gezeigt werden, dass die Strahlendosis bei 

der PCD-CT unabhängig vom BMI der Patienten signifikant reduziert werden konnte und dies 

sogar bei höherer räumlicher Auflösung. Die gemessenen quantitativen Bildqualitätsparameter 

des Lungenparenchyms (Rauschen und SNR) zeigten hierbei keinen signifikanten 

Unterschied. In der subjektiven Bildqualitätsbewertung konnten sogar teils signifikant bessere 

Ergebnisse erzielt werden. Die erfolgreiche Umsetzung der vielversprechenden Ergebnisse 

von präklinischen Studien (5,6,8) in die klinische Routine konnte somit eindrucksvoll bestätigt 

werden. 

Im Dezember 2021 veröffentlichte das Bundesamt für Strahlenschutz einen Bericht im 

Bundesanzeiger (10), in dem die Niedrigdosis-HRCT zur Lungenkrebsfrüherkennung als 

effektive Methode zur Reduktion der Sterblichkeit bei Raucherinnen und Rauchern dargestellt 

wird. Dieser Bericht legt die wissenschaftliche Grundlage zur Etablierung eines 

Lungenkrebsfrüherkennungsprogramms in Deutschland. Da im Rahmen einer Früherkennung 

vorwiegend gesunde Personen untersucht werden, spielt das Potential der PCD-CT die 

Untersuchung mit signifikant niedrigeren Dosen durchführen zu können eine besondere Rolle 

(7). Aber auch bei anderen Indikationen zur Niedrigdosis-HRCT, wie z.B. der Abklärung einer 

Pneumonie bei Patienten in der Neutropenie, ist die zusätzliche Dosisreduktion im Sinne des 

ALARA-Prinzips (As Low As Reasonably Achievable) erstrebenswert.  

Alternativ kann die PCD-CT in einem ultra-hochauflösenden Modus (ultra-HRCT) verwendet 

werden, wodurch eine verbesserte Bildqualität erreicht wird (11–14). Dadurch könnten 

Veränderungen bei alveolären und interstitiellen Lungenerkrankungen besser detektiert 

werden, z.B. durch Verwendung der Lungendensitometrie (13,15,16). Der klinische Nutzen 

der ultra-HRCT und besonders inwieweit diese einen relevanten Einfluss auf die 

Therapieentscheidungen hat oder haben sollte, muss jedoch noch in Studien untersucht 

werden. 

Vorstellbar wäre in Zukunft je nach klinischer Fragestellung zwischen einer ultra-Niedrigdosis-

HRCT-Untersuchung und einer Niedrigdosis-ultra-HRCT-Untersuchungen zu wählen. Beide 

Untersuchungsmethoden können durch die neue PCD-CT in eindrucksvoller Qualität realisiert 

werden. 

In dieser Arbeit konnte das Potential der PCD-CT im Bereich der Dosisreduktion bestätigt 

werden. Auch partielle Verbesserungen der Bildqualität wurden aufgezeigt. Die PCD-CT bietet 

zusätzlich noch große Vorteile im Bereich der spektralen CT, bei der die Energieabhängigkeit 
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der Absorptionskoeffizienten für die Bildgebung ausgenutzt wird. Hierdurch lassen sich 

unterschiedliche Bestandteile im Bild wie Weichgewebe, Calcium (in Knochen oder 

Gefäßplaques) oder Kontrastmittel in getrennten Bildern darstellen. Bisherige spektrale CT-

Techniken waren methodenbedingt auf zwei Energieinformationen beschränkt (dual-energy 

CT). Dadurch kann lediglich ein Kontrastmittel aufgelöst werden. Im Bereich der 

Lungenbildgebung fand die dual-energy CT einerseits im Rahmen der CT-

Pulmonalisangiographie Anwendung zur Generierung von pulmonalen Perfusionskarten 

(17,18). Andererseits können durch die Inhalation von Xenon-Gas Ventilationskarten erzeugt 

werden (19,20). Die Photon-Counting-Detektoren erlauben mehr als zwei 

Energieinformationen. Das aktuell zugelassene Gerät bündelt die spektrale Information in vier 

Energiebereichen. Dadurch können auch mehrere Kontrastmittel in einem CT-Bild 

voneinander separiert werden (21). Dies könnte zukünftig die zeitgleiche Detektion von 

Perfusionsbildern und Ventilationsbildern mit einer PCD-CT-Untersuchung der Lunge 

ermöglichen. Durch die Erfassung von pathologischen Veränderungen sowohl der 

Lungenventilation als auch der Lungenperfusion könnten Sensitivität und Spezifität der 

Lungen-CT für viele Lungenerkrankungen verbessert werden könnte. 
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