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ABSTRACT

Purpose The aim of the study was to evaluate high-pitch
70-kV CT examinations of the thorax in immunosuppressed
patients regarding radiation dose and image quality in com-
parison with 120-kV acquisition.

Materials and Methods The image data from 40 patients
(14 women and 26 men; mean age: 40.9 £ 15.4 years) who re-
ceived high-pitch 70-kV CT chest examinations were retro-
spectively included in this study. A control group (n=40),
matched by age, gender, BMI, and clinical inclusion criteria,
had undergone standard 120-kV chest CT imaging. All CT
scans were performed on a third-generation dual-source CT
unit. For an evaluation of the radiation dose, the CT dose in-
dex (CTDlvol), dose-length product (DLP), effective dose
(ED), and size-specific dose estimates (SSDE) were analyzed
in each group. The objective image quality was evaluated
using signal-to-noise (SNR) and contrast-to-noise ratios

(CNR). Three blinded and independent radiologists evaluated
subjective image quality and diagnostic confidence using
5-point Likert scales.

Results The mean dose parameters were significantly lower
for high-pitch 70-kV CT examinations (CTDIvol, 2.9+0.9
mGy; DLP, 99.9 £31.0 mGyxcm; ED, 1.5+0.6 mSv; SSDE, 3.8
+1.2mGy) compared to standard 120-kV CT imaging (CTDI-
vol, 8.8 £3.7mGy; DLP, 296.6 £ 119.3 mGyxcm; ED, 4.4+2.1
mSv; SSDE, 11.6 +4.4mQCy) (P<0.001). The objective image
parameters (SNR: 7.8 £2.1 vs. 8.4+1.8; CNR: 7.7+ 2.4 vs.
8.3+2.8) (P20.065) and the cumulative subjective image
quality (4.5+£0.4 vs. 4.7%0.3) (p=0.052) showed no signifi-
cant differences between the two protocols.

Conclusion High-pitch 70-kV thoracic CT examinations in
immunosuppressed patients resulted in a significantly re-
duced radiation exposure compared to standard 120-kV CT
acquisition without a decrease in image quality.

Key Points:

= Third-generation dual-source CT units enable high-pitch
70-kV CT examinations of the chest.

= High-pitch 70-kV CT examinations show a significantly
reduced radiation dose compared to standard 120-kV CT
examinations.

= High-pitch 70-kV CT examinations of the chest show
comparable objective and subjective image quality.

= Subjectively deteriorated image noise and sharpness of
70-kV CT did not impact diagnostic confidence.
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ZUSAMMENFASSUNG

Ziel Das Ziel der Studie war, die Strahlendosis und Bildqualitat
von High-Pitch-70-kV-CT-Untersuchungen des Thorax bei im-
munsupprimierten Patienten im Vergleich zu 120-kV-CT-Bild-
gebung zu evaluieren.

Material und Methoden Die Bilddaten von 40 konsekutiven
Patienten (14 Frauen und 26 Méanner; Altersdurchschnitt
40,9+15,4 Jahre), die eine High-Pitch-70-kV-CT-Unter-
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suchung des Thorax erhielten, wurden retrospektiv ausgewer-
tet. Eine gematchte Patientengruppe (n=40) mit dhnlichem
Alter, Geschlecht, BMI und klinischer Indikation, bei denen
eine Standard-120-kV-CT-Untersuchung des Thorax durchge-
fiihrt wurde, diente als Kontrollgruppe. Alle CT-Aufnahmen
erfolgten an einem Dual-Source-CT der dritten Generation.
Zur Dosisabschdtzung wurden der CT-Dosis-Index (CTDIvol),
das Dosis-Ldngen-Produkt (DLP), die effektive Dosis (ED) und
die groRenspezifische Dosisabschdtzung (SSDE) analysiert.
Die objektive Bildqualitdt wurde mittels des Signal-Rausch-
Verhéltnisses (SNR) und des Kontrast-Rausch-Verhdltnisses
(CNR) ermittelt. Drei verblindete und unabhangige Radiolo-
gen evaluierten die subjektive Bildqualitdt und Diagnosesi-
cherheit anhand von 5-Punkten-Likert-Skalen.

Ergebnisse Die mittleren Dosisparameter waren signifikant
geringer fiir High-Pitch-70-kV-CT-Untersuchungen (CTDlvol

2,9+0,9mGy; DLP 99,9+31,0mGyxcm; ED 1,5+0,6mSv;
SSDE 3,8+ 1,2 mGy) im Vergleich zu den Standard-120-kV-CT-
Thorax-Untersuchungen (CTDIvol 8,8 +3,7mGy; DLP 296,6
+119,3mGyxcm; ED 4,4 £2,1mSv; SSDE 11,6 +4,4 mQy) (alle
p<0,001). Die objektiven Bildparameter (SNR 7,8+2,1 vs. 8,4
+1,8; CNR 7,7£2,4 vs. 8,3+2,8) (p20,065) sowie die kumula-
tive subjektive Bildqualitat (4,5+0,4 vs. 4,7+0,3) (p=0,052)
zeigten keine signifikanten Unterschiede zwischen beiden
CT-Untersuchungsprotokollen.

Schlussfolgerung High-Pitch-70-kV-CT-Untersuchungen
des Thorax bei immunsupprimierten Patienten resultieren in
einer deutlichen Reduktion der Strahlenbelastung im Ver-
gleich zu Standard-120-kV-CT-Bildakquisition ohne eine Ein-
schrankung der Bildqualitat.

Introduction

Pulmonary infections are typically significantly more dangerous in
immunosuppressed patients than in immunocompetent patients
due to their atypical and prolonged course [1-3]. In light of the
greater number of complications and the increased lethality, it is
therefore often necessary to initiate appropriate and targeted ther-
apy even prior to obtaining definitive pathogen confirmation which
can take up to several days [4]. The most important part of primary
evaluation is imaging [1]. Since conventional X-ray images do not
allow definitive diagnosis in immunosuppressed patients due to
the variable immune response and disease extent in many cases,
high-resolution CT imaging of the lung is preferred for obtaining in-
itial information regarding the etiology of the infection [1, 5].

The patient’s radiation exposure accumulates with each exam-
ination, a fact that is relevant with an increasing duration of dis-
ease and progressive number of examinations particularly in this
patient population which tends to be younger [6-8]. In light of
the increased risk of cancer in the case of multiple examinations,
the medical indication should be strictly reviewed and examina-
tion protocols and radiation exposure should be optimized.

The goal of this study was to evaluate high-pitch 70-kV CT
examinations of the chest regarding radiation dose and image
quality and to compare them with standard 120-kV CT examina-
tions of the chest.

Materials and Methods

Patient group

The image data of 40 consecutive patients (14 women and 26
men; average age: 40.9+15.4 years; age range: 20-84 years;
BMI: 26.5 + 2.6 kg/m?) who underwent an unenhanced CT exami-
nation of the chest using a high-pitch 70-kV examination protocol
at our radiology institute in the period from January 2017 to June
2017 were examined in this retrospective study. This protocol was
defined as the standard protocol for immunosuppressed patients
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as of January 2017 based on the technical feasibility (lowest possi-
ble tube voltage) and the current research regarding dose reduc-
tion in CT examinations of the chest.

A matched group of 40 patients (14 women and 26 men; aver-
age age: 39.5+15.7 years; age range: 19-86 years; BMI: 27.2 +
3.6 kg/m?) examined with the 120-kV standard protocol prior to
January 2017 served as the control group. These patients were
matched with respect to age, sex, BMI, scan field length, and clin-
ical indication criteria. 12 patients who first underwent a 120-kV
CT examination and then a high-pitch 70-kV CT examination were
included in both the study group and the control group. » Table 1
shows the patient characteristics.

The inclusion criteria were immunosuppressed patients with
acquired, congenital, or induced immunodeficiency who under-
went a clinically indicated CT examination of the chest without
contrast administration. The exclusion criteria were examinations
in patients younger than 18 years and CT examinations with
significant motion or breathing artifacts not allowing evaluation
of the secondary lobule, the last functional pulmonary structure
morphologically visible on CT, and the pulmonary interstitium [9].

CT examination protocol

All examinations were performed on a third-generation dual-
source CT unit (SOMATOM Force, Siemens Healthcare, For-
chheim). The CT images were acquired in a supine position during
deep inspiration. After acquisition of a topogram from the 7th
cervical vertebra to the lower costal arch, the CT examination
was performed in the craniocaudal view. Automatic modulation
of the tube current adapted and optimized to the patient’s habi-
tus was performed for both examination protocols (70 kV and
120 kV) using suitable dose reduction software (Care Dose 4D,
Siemens). The high-pitch 70-kV CT examination protocol included
a pitch factor of 3.2 (turbo flash mode, Siemens) and a resulting
table speed of 737 mm/s, while a pitch factor of 1.2 and a conse-
quently slower table speed of 77 mm/s were used for the 120-kV
standard protocol. A precise list of the CT parameters for both
examination protocols is shown in » Table 2.

123

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



# Thieme

» Table 1 Patient characteristics.

high-pitch 70-kV

standard 120-kV

» Table2 CT acquisition parameters.

high-pitch 70-kV

standard 120-kV

number of patients 40 40

men/women 26/14 26/14

age in years (range) 40.9+15.4 39.5+15.7
(20-84) (19-86)

BMI in kg/m? (range) 26.5£2.6 27.2+3.6
(21.4-33.6) (22.7-33.8)

Image reconstruction from the raw datasets was performed
using dedicated iterative 3 rd generation image reconstruction
(ADMIRE, Siemens, strength 3 of 5) with a soft tissue kernel
(Br36) and lung kernel (BI57) in axial, coronal, and sagittal views
with a slice thickness of 1.0 mm and an increment of 1.0 mm.

Evaluation of radiation dose

The CT dose index (CTDI,,) and dose length product (DLP) were
evaluated after every examination on the basis of the patient pro-
tocol. According to the general guidelines on the quality criteria
for CT examinations, a conversion factor (k) of 0.0147
mSvxmGy~'xcm-! for 70 kV and of 0.0145 mSvxmGy~'xcm™! for
120 kV examinations was used to estimate the effective dose
(ED) based on the following formula [10, 11].

ED =DLPxk

The size-specific dose estimate (SSDE) was calculated accord-
ing to the recommendations of the American Association of Phy-
sicists in Medicine [12]. A conversion factor based on a 32-cm
CTDI phantom and the sum of the lateral and anterior-posterior
diameter (£2) was multiplied by CTDI,:

size

SSDE = f2x CTDI,,

Objective image quality

The image quality was objectively evaluated based on the signal-
to-noise ratio (SNR) and contrast-to-noise ratio (CNR). Circular re-
gions of interest (ROI) (size: 150 mm?) were placed in the des-
cending aorta, in the lung parenchyma, in the autochthonous
back musculature and in the mediastinal fat at the level of the tra-
cheal bifurcation. The measurements were performed in the soft
tissue window (aorta, Br36 kernel) and lung window (lung, BI57
kernel). The average attenuation in Hounsfield units (HU) and
the standard deviation (SD) were noted for all measurements. In
concordance with previous studies, the SNR and CNR values for
the aorta and the lung parenchyma were determined on the basis
of the following calculations [13, 14]:
|HU (Aorta; Lunge)|
SD (Mediastinales Fett)

SNR

|HU (Aorta; Lunge) — HU (Riickenmuskulatur) |
SD (Mediastinales Fett)

CNR=
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CT unit 3rd generation 3rd generation
DSCT DSCT

examination SECT SECT

mode

tube voltage 70 kv 120kV

tube current 200 ref. mAs 110 ref. mAs

pitch 3.2 1.2

table speed 737 mm/s 77 mm/(s

rotation time 0.25s 0.25s

collimation 2x192x0.6 mm 192x0.6 mm

slice thickness 1mm 1mm

increment Tmm 1mm

DSCT =dual-source CT; SECT =single-energy CT.

Subjective image quality

Three radiologists with three to five years of CT lung imaging
experience subjectively evaluated the CT images. The rating was
performed on certified diagnostic screens (RadiForce RX240;
Eizo, Ishikawa, Japan) using the Centricity PACS Viewer software
(GE Healthcare, Milwaukee, USA). All datasets were randomized
and anonymized with respect to patient identity and scan setting.
The radiologists were allowed to scroll through all orthogonal
reconstructions (axial, coronal, and sagittal) and to adjust window
settings at their discretion. The currently established settings for
the lung window (width 2000 HU/center -500 HU) and soft tissue
window (width 400 HU/center 50 HU) were preset. The general
image quality (from 1=poor image quality to 5= excellent image
quality), the image noise (from 1 = extensive image noise to 5=no
image noise detectable), the image sharpness (from 1 =extremely
unsharp to 5 = excellent image sharpness), the presence of motion
artifacts (from 1=pronounced motion artifacts to 5=no motion
artifacts) and the subjective diagnostic reliability (from 1=no
diagnostic significance to 5 =high diagnostic significance) were
evaluated using a 5-point Likert scale.

Statistical analysis

All statistical analyses were performed using suitable statistics
programs (GraphPad Prism Version 7.0, GraphPad Software, La
Jolla, USA and SPSS Version 21, IBM SPSS Statistics, Armonk,
USA). The results of the measurements and evaluations were
provided as mean values with the corresponding standard devia-
tions (SD). The Gaussian distribution of all data was tested using
the Kolmogorov-Smirnov test and the data was analyzed using
the Mann-Whitney U-test in consideration of the fact that some
patients were included in both groups. P-values <0.05 were con-
sidered statistically significant.

Agreement between raters was determined with the intraclass
correlation coefficient (ICC) and was evaluated as follows [15]: ICC
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» Table 3 Dosimetric parameters.

high-pitch 70-kV

CTDlyo (MGy) 2.9+0.9(1.9-3.8)

DLP (mGyxcm) 99.9+31.0 (58.9-165.5)
ED (mSv) 1.5+0.6 (0.9-2.4)
SSDE (mGy) 3.8£1.2(2.5-5.1)

scan field length (cm) 31.4£4.2 (25.0-40.5)

standard 120-kV p-value
8.8+3.7(1.6-22.3) p<0.001

296.6£119.3 (68.5-640.9) p<0.001
4.4%2.1(1.0-9.4) p<0.001
11.6+4.4 (2.4-26.8) p<0.001
30.7£6.5 (24.5-41.9) p=0.077

CTDI=CT dose index; DLP =dose length product; ED = effective dose; SSDE = size-specific dose estimate.

<0.40 = poor agreement, ICC 0.40 - 0.59 = moderate agreement,
ICC 0.60-0.74=good agreement, ICC 0.75-1.0=very good
agreement.

Results

Radiation dose

» Table 3 includes data regarding the applied radiation dose. For
the 70-kV CT examinations, there was an average CTDI,,, value of
2.9+0.9mGy, an average DLP of 99.9 +31.0 mGyxcm, an average
ED of 1.5+0.6 mSv and an average SSDE of 3.8+ 1.2mGy. In
patients examined with a standard 120-kV CT protocol, there
was an average CTDI,,, value of 8.8 £3.7 mGy, an average DLP of
296.6 £ 119.3 mGyxcm, an average ED of 4.4+2.1mSv and an
average SSDE of 11.6 £4.4mGy. The CTDI, DLP, ED and SSDE
were significantly lower for high-pitch 70-kV CT examinations
compared to standard 120-kV CT examinations of the chest (all
P<0.001). In total, the ED could be reduced by an average of
66 % by using 70-kV CT protocols (> Fig. 1).

Objective image quality

The results of the objective image quality analysis are shown in
» Table4. An average SNR of 3.7+1.1 and an average CNR of
1.4+0.8 for the descending aorta were seen in the study popula-
tion examined with the high-pitch 70-kV CT protocol. In compar-
ison, the objective image parameters were non-significantly high-
er in the control group of standard 120-kV CT examinations with
anSNRof3.9+1.4andaCNRof 1.6 £1.0 (p=0.113 and p=0.156,
respectively). For the lung parenchyma, an SNRof 11.8 £3.2 and a
CNR of 14.0 4.0 were seen for the 70-kV high-pitch CT examina-
tions which was non-significantly lower than in the standard 120-
kV examinations with an SNR of 12.8 +3.9 and CNR of 14.9+4.5
(p=0.082 and p=0.287, respectively).

Subjective image quality

With respect to the cumulative subjective image quality, an aver-
age point value of 4.5+ 0.4 for high-pitch 70-kV CT images and
4.7+0.3 for 120-kV CT images was seen (p=0.052). The subjec-
tive image noise in the study group with 70 =kV CT examinations
of the chest was considered worse with an average value of 3.0 +

Yel | et al. Evaluation of Radiation... Fortschr Réntgenstr 2019; 191: 122-129

Effective dose
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10+

mSv

— L

70 kV

120 kV

» Fig. 1 Effective dose values for the high-pitch 70-kV and standard
120-kV CT protocol. High-pitch 70-kV CT examinations of the
thorax showed a significantly lower effective dose (P <0.001).

0.4 vs. 3.5%0.6 for CT images using the 120-kV standard protocol
(p=0.043). Similar results were observed for the comparison
between 70-kV and 120-kV images regarding image sharpness
(3.3£0.5 vs. 3.7+ 0.6; p=0.042). However, high-pitch 70-kV
examinations showed greatly reduced motion artifacts with con-
sequently better ratings on the Likert scale (4.4 +0.6 vs. 3.8+0.9;
p=0.003) (> Fig. 2a, b). However, similar mean values of 4.6 £ 0.4
for 70-kV and 4.7 £ 0.3 for 120-kV CT examinations without signif-
icant differences between the two groups (p =0.829) were docu-
mented for both CT protocols with respect to subjective diagnos-
tic reliability (» Fig. 3a, b).

The ICC analysis yielded good agreement between all three
raters (general ICC=0.72). There was very good agreement
regarding general image quality (ICC=0.78) and the presence of
motion artifacts (ICC=0.75), while the agreement regarding im-
age noise (ICC=0.70), image sharpness (ICC=0.68), and subjec-
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» Table4 Results of objective image analysis.

high-pitch 70-kv

SNR, o1t 3.7+1.1
SNRiyng 11.8+3.2
SNRyra 7.8%2.1
CNRyorts 1.4+0.8
CNRiyng 14.0£4.0
CNRyo 7.742.4

SNR =signal-to-noise ratio; CNR = contrast-to-noise ratio.

standard 120-kv p-value
39+1.4 p=0.113
12.8+3.9 p=0.082
8.4+1.8 p=0.065
1.6£1.0 p=0.156
14.9%4.5 p=0.287
8.3+2.8 p=0.072

» Fig.2 a Standard 120-kV chest CT of a 53-year-old patient after renal transplantation and neutropenic fever. This acquisition shows distinct
movement artifacts due to breathing difficulties. b CT re-examination after 4 weeks because of acute dyspnea. The high-pitch 70-kV CT shows signs
of pulmonary congestion. Despite breathing difficulties again, there are no movement artifacts.

tive diagnostic reliability (ICC=0.71) was evaluated as good.
» Table 5 provides the subjective image analysis results.

Discussion

The goal of our study was to evaluate an examination protocol
with a reduced radiation dose for unenhanced CT examinations
of the chest in immunosuppressed patients who require clinically
indicated CT examinations and follow-ups due to their disease.
Our study came to the conclusion that high-pitch 70-kV CT exam-
inations offer a very good compromise between dose reduction
and image quality and thus represent a very good alternative to
the standard 120-kV CT protocol. Using the most recent imaging
technology and the combination of high-pitch image acquisition

126

and a reduced tube voltage, the radiation dose could be reduced
in a targeted manner on average by two-thirds per examination.
As a result, we were able to achieve a significantly lower effective
patient dose with our study concept than Kubo et al. who devel-
oped a low-dose protocol by reducing the tube current [16].
Given a comparable objective image quality, there were fewer
subjective assessments of image noise and image sharpness for
70-kV imaging compared to 120-kV CT. However, there was no
significant difference in the subjective diagnostic reliability and
cumulative subjective image quality in our study. However,
according to Gordic et al., the increased image noise at 70 kV
could limit the detection of small pulmonary nodules [17]. The
advantages of a lower tube voltage were able to be shown in
earlier studies particularly in contrast-enhanced examinations
since the iodine signal increases as the tube voltage decreases

Yel | et al. Evaluation of Radiation... Fortschr Rontgenstr 2019; 191: 122-129
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» Fig.3 a Standard 120-kV chest CT of a 47-year-old patient with HIV and aspergilloma in the left apical upper lobe. b Follow-up examination after
2 months using the high-pitch 70-kV CT protocol. The aspergilloma is almost unchanged regarding size and appearance.

[18, 19]. However, the results of our study show that the imple-
mentation of a 70-kV CT protocol has additional advantages
even in the case of unenhanced examinations.

A high-pitch 80-kV chest CT protocol for pediatric patients
without sedation or anesthesia was able to be successfully eval-
uated in a previous study by Bodelle et al. [20]. The authors were
able to show a significant reduction in radiation dose with com-
parable image quality after reconstruction with ADMIRE. In gener-
al, modern low-dose CT imaging is always designed in combina-
tion with iterative image reconstruction and therefore is to be
viewed as essential for this type of image acquisition [17, 21,
22]. In our study the lower radiation energy of the high-pitch 70-
kV examinations with comparable objective image quality resul-
ted in worsening of the subjective image noise and image sharp-
ness despite reduction with ADMIRE as already described in pre-
vious studies [23 - 26]. However, this did not result in any
limitations regarding the subjective diagnostic reliability. The
high pitch factor probably had a supportive effect here. As a result
of the greater table speed, CT examinations of the chest could be
performed in less than two seconds [27]. There were consequent-
ly fewer motion artifacts (including breathing and pulsation arti-
facts), resulting in a higher cumulative image quality rating [14,
28]. Patients with respiratory issues benefited the most from this
improvement in image quality [28]. Since immunosuppressed pa-
tients tend to undergo more frequent direct chest CT examina-
tions than conventional X-ray examinations in order to diagnose
or rule out atypical pneumonia or other opportunistic infections
of the lung, we feel that such dose-reducing measures are even
more important in immunosuppressed patients than in immuno-
competent patients since the effect can be even greater in the
case of repeated imaging.

Yel | et al. Evaluation of Radiation... Fortschr Réntgenstr 2019; 191: 122-129

The present retrospective study has the following limitations.
All examinations were performed on one third-generation dual-
source CT scanner. Models from different manufacturers can vary
with respect to design, technical specifications, and results. In this
connection the restriction of the field-of-view (FOV) due to the
use of the second tube and the smaller detector is a possible lim-
itation of high-pitch image acquisition that can be relevant parti-
cularly for obese patients [29]. Moreover, the combination of tube
voltage reduction and high-pitch technique does not allow in-
depth retrospective analysis of the effect of the individual factors
on the resulting effective dose. Additional examinations with
high-pitch 120-kV and standard table speeds at 70-kV would
have to be performed for this purpose. Since these methods are
already sufficiently established, a direct comparison of the indi-
vidual techniques was not performed [30, 31]. The goal of this
study was to compare high-pitch 70-kV examinations with the
clinical standard to show the potential for the clinical routine.
Moreover, the subjective diagnostic reliability was analyzed as
part of quality assessment but the diagnostic accuracy for the
detection of pathologies was not determined. This should be
further evaluated in homogeneous patient populations with
specific diseases in future studies. For the calculation of the ED
(via conversion factor) and the SSDE, there was an approximation
to 80-kV CT examinations since there is insufficient data for 70-kV
examinations [11, 12, 32]. Moreover, only unenhanced CT images
of the chest were examined in our study. Contrast-enhanced
examinations were not evaluated in greater detail regarding
objective and subjective image quality. However, contras-
t-enhanced imaging at 70kV could provide even better results
due to the optimized contrast conditions.
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» Table5 Results of subjective image analysis.

image quality
ICC (95% Cl)
image noise

ICC (95% ClI)
image sharpness
ICC (95 % CI)
motion artifacts
ICC (95 % ClI)

diagnostic reliability

high-pitch 70-kV

45+0.4
0.78 (0.65 - 0.95)
3.040.4
0.70 (0.48 - 0.87)
3305
0.68 (0.38-0.76)
4.4%06
0.75 (0.52-0.91)
4.6+0.4

ICC (95% Cl) 0.71(0.51-0.90)

ICC=intraclass correlation coefficient; 95 % Cl=95 % confidence interval.

Conclusion

Immunosuppressed patients could benefit from a significant dose
reduction as a result of the use of a high-pitch 70-kV chest CT pro-
tocol. There are no significant differences regarding objective and
subjective image quality compared to standard 120-kV CT exam-
inations. For this reason we recommend using a high-pitch 70-kV
examination protocol particularly for CT follow-ups in immuno-
suppressed patients.

CLINICAL RELEVANCE OF THE STUDY

= High-pitch 70-kV CT examinations show no significant
differences regarding objective and subjective image
quality compared to standard 120-kV CT examinations
of the chest.

= Immunosuppressed patients could benefit from a signifi-
cant dose reduction as a result of the use of a high-pitch
70-kV chest CT protocol.

= We recommend using a high-pitch 70-kV examination
protocol particularly for CT follow-ups in immunosuppres-
sed patients.
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