
Original Article

Acta Radiologica Open
13(7) 1–10
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20584601241256005
journals.sagepub.com/home/arr

Evaluation of an in-use chest CT protocol in
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Abstract

Background: Lung cancer is the most common cause of cancer-related death worldwide and therefore there has been a
growing demand for low-dose computed tomography (LDCT) protocols.

Purpose: To investigate and evaluate the dose and image quality of patients undergoing lung cancer screening (LCS) using
LDCT in Norway.

Materials and Methods: Retrospective dosimetry data, volumetric CT dose index (CTDIvol) and dose-length product
(DLP), from 70 average-size and 70 large-size patients who underwent LDCT scan for LCS were included in the survey.
Effective dose and size-specific dose were calculated for each examination and were compared with the American
Association of Physicists in Medicine (AAPM) requirement. For a quantitative image quality analysis, noise, signal-to-noise
ratio (SNR), and contrast-to-noise ratio (CNR) were determined for different regions in the chest with two iterative
reconstruction techniques, iDose and Iterative Model Reconstruction. Differences in dose and image quality between
average-size and large-size patients were evaluated by Independent sample t test, andWilcoxon signed rank test within the
same patient group.

Results: The independent sample t test revealed significant differences (p < .05) in dose values between average-size and
large-size patients. Mean CTDIvol and DLP for average-size patients were 2.8 mGy and 115 mGy.cm, respectively, with
appropriate increment for the large-size patients. Image quality (image noise, SNR, and CNR) did not significantly differ
between patient groups when images were reconstructed with a model based iterative reconstruction algorithm.

Conclusion: The screening protocol assessed in this study resulted in CTDIvol values that were compliant with AAPM
recommendation. No significant differences in objective image quality were found between patient groups.
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Introduction

Lung cancer is one of the leading causes of cancer in both
men and women worldwide,1,2 and while not always the
most diagnosed, lung cancer has the highest mortality rate in
the world.3,4 In 2018, 2100 people died of lung cancer in
Norway.5 Early detection of lung cancer is currently the
most effective way to reduce the total mortality of lung
cancer. Patients with lung cancer diagnosed at stage I have a
5-year survival of more than 80% while the total overall
survival is 15%–20%.6 It is reported that lung cancer
screening using low-dose computed tomography (LDCT)
results in increased detection and decreased mortality.7 In
large prospective studies as the National Lung Cancer
Screening Trial (NLST) in 2011 and the Dutch-Belgian in a
lung cancer screening trial in 2020 confirmed that computed
tomography (CT) screening can reduce lung cancer mor-
tality by 20%.8,9 A growing number of countries are im-
plementing lung cancer screening programs; however, there
is a concern that exposure to the ionizing radiation of LDCT
in lung cancer screening might increase the risk of devel-
oping solid cancers and leukemia.1 Current lung cancer
screening (LCS) protocols recommend repeated screening
at either annual or biannual frequency for eligible indi-
viduals, which can result in over 25 scans over a
lifetime.10–12 Literature has shown that patient dose varies
across regions and countries due to several factors, in-
cluding CT scanner design, diagnostic protocols, and local-
based choices of technical parameters.12–14 This will also
affect if the image quality is sufficient for detection and
measurement for small pulmonary nodules in LCS
programs.

There exists a need to implement screening programs
for lung cancer around the world.15,16 The American
College of Radiology (ACR), Society of Thoracic Radi-
ology, and the European Society of Thoracic Imaging have
published practice guidelines and technical standards to
assist radiologists and medical physicists in developing
local CT lung cancer screening protocols.17–19 In addition,
the American Association of Physicists in Medicine
(AAPM) has published a recommended set of lung cancer
screening protocols for a range of scanners.20 These
protocols are based on the experience gained from the
NLST study and other screening studies by the working
group. These protocols and the ACR guidelines result in a
radiation dose (CTDIvol) ≤ 3 mGy (≤1.0 mSv) for a
standardized patient of 70 kg and a height of 170 cm.
However, radiation dose may vary from 0.25 to 5.6 mGy
for patient of 50 to 120 kg.20 The aim of this study is to
investigate and evaluate the dose and image quality of
patients undergoing LCS using LDCT at a local hospital in
Norway. This will provide valuable information for pro-
tocol optimization to further reduce patient radiation dose
in the implementation of a future LCS.

Method and materials

Patient data

The first lung cancer screening study in Norway started in
August 2022. A total of 125,000 Norwegian inhabitants in
the age group of 60–79 years were invited to participate in
this study using LDCT protocol. Fourteen thousands out of
125,000 agreed to participate and 1,000 of these were se-
lected as participants for the screening study over a 3-year
period from 2022 until 2025. Data were collected from the
Picture Archiving and Communication Systems, Care-
stream Vue PACS version 12.2.20105, Philips Healthcare,
Best, Netherlands, between February and March 2023.

Patient selection

Patients between 60 and 79 years, with more than 35 pack
years or a PLCOm2012 risk above 2.6%, were eligible for
the study. One pack year is one pack of cigarettes
(20 cigarettes) a day for one year. PLCOm2012 is a vali-
dated risk calculator used for inclusion in lung cancer
screening programs. It provides a 6-year risk of developing
lung cancer using different which apart from smoking
exposure also take into account other factors like family
history, BMI, and education level. To ensure a high enough
risk group, a threshold of >2.6% was considered.21 Cases
with severe respiratory motion or prosthetic artifacts were
excluded from this study. We retrospectively recorded data
from 140 patients who had under gone screening between
August and September 2022. Patient weight and height
were not available; hence, patients were grouped based on
AP chest thickness measured in axial slices at the carina.
This was determined by measuring the AP thickness of
42 patients who had under gone contrast enhanced chest
pulmonary angiogram examination in December 2022.
Body mass index (BMI) was calculated and compared with
the thorax AP thickness for each of the 42 patients as shown
in Table 1. BMI for average-size and large-size was defined
based on the BMI classification described in the AAPM
protocols.20 Average-size patients were defined with a body
mass index ≥18.5 to 24.9 kg/m2 and large-size ≥25 kg/m2.22

The exclusion criteria were patients with a body mass index
less than 18.5 kg/m2. AP thickness from 20 to 24.9 cm and
25 to 30 cm was therefore defined as average-size and large-
size, respectively.

CT acquisition parameters

CT examinations of the thorax were performed using a
Brilliance iCT 256 scanner (Royal Philips, 2012, Am-
sterdam, The Netherlands) in supine position with arms
raised above the shoulders to prevent artifacts. The patients
were provided instructions to prevent any voluntary motion
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and to cautiously follow the breath-hold instructions. The
scanner characteristics and protocol parameters are shown
in Table 2. Raw data was reconstructed with two iterative
reconstruction techniques iDose and Iterative Model Re-
construction (IMR). IDose is a hybrid or statistical iterative
reconstruction algorithm whereas IMR is a model based
iterative reconstruction algorithm.23

Radiation dose assessment

Volume computed tomography dose index (CTDIvol) and
dose-length product (DLP) values were collected for each
examination retrospectively. The estimated effective dose
was calculated as DLP multiplied by a k-factor of
0.014 mSv*mGy�1 cm�1 for the chest.24 Size-specific dose

Table 1. AP thickness of average-size and large-size patients scanned with a contrast enhanced chest pulmonary angiogram protocol
used for inclusion range of AP thickness used in this study.

Number of
patient

Average-size body mass index ≥18.5–24.9 kg/m2 Large-size body mass index ≥25 kg/m2

Weight
(kg)

Height
(cm) Age

Body mass index
kg/m2

AP
(cm)

Weight
(kg)

Height
(cm) Age

Body mass index
kg/m2

AP
(cm)

1 69 179 73 21.5 22.6 100 178 75 31.6 26.4
2 64 163 69 24.1 21.4 95 178 70 30 27.6
3 70 174 72 23.1 20 119 184 59 35.1 28
4 70 170 56 24.2 23.5 95 172 85 32.1 26.8
5 64 170 73 22.1 21.1 80 166 70 29 25
6 78 177 63 24.9 22.9 105 167 33 37.6 26.7
7 65 168 78 23 20.4 102 170 68 35.3 26.6
8 65 166 67 23.6 21.6 125 169 32 43.8 29.5
9 78 178 88 24.6 22.6 117 164 48 43.5 25.7
10 77 165 58 21.3 20.4 90 168 65 31.9 25.8
11 76 186 79 22 21 88 180 80 27.2 25.4
12 54 154 89 22.8 20.9 52 168 98 34.7 25.2
13 64 175 77 20.9 22.4 114 172 39 38.5 25.9
14 60 160 57 23.4 20.5 104 170 43 36 25.1
15 60 160 84 23.4 23.5 94 186 60 27.2 25.3
16 70 176 64 22.6 22.9 97 187 68 27.7 25.3
17 69 170 80 23.9 23.8 100 187 78 28.6 25.9
18 56 161 75 21.6 22.7 156 195 59 41 29.2
19 78 183 59 23.3 23.9 130 186 48 37.6 29.6
20 80 181 78 24.4 24.5 92 177 61 29.4 26.1
21 73 175 74 23.8 22.3 82 161 83 31.6 25.2

Table 2. Characteristics of the CT scanners and acquisition parameters included in the survey.

Manufactures Philips

Model Brilliance iCT 256
Install year 2012
Detector configuration (mm)a 128 × 0.625
Iterative reconstruction (level) iDose (3) and IMR (1)
Tube voltage 120
AEC settings Min/max mA25/200, DRIb 9
Acquired/recon slice (mm) 0.9/0.45
Pitch 1.171
Rot time (s) 0.33
Kernel iDose: Y-sharp / IMR: Soft tissue
Window width/window level (HU) iDose: 1600/-600 / IMR: 400/40
Software version 4.1.7

aNotation of the detector configuration: the number of active detector rows x the detector element thickness.
bDose right index.
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estimate (SSDE) was calculated as described in the AAPM
Report 204.25 Thus, SSDE was calculated for each exam-
ination based on the recorded CTDIvol values and the
corresponding AP chest thickness conversion coefficient.24

Objective image analysis

Standardized 30-mm-diameter circular regions of interest
(ROI) were used to record signal and noise, which repre-
sented mean attenuation value and standard deviation (SD)
in Hounsfield units (HU). The ROIs were placed in the axial
slices at the level of tracheal bifurcation in the subcutaneous
fat, peripheral lung parenchyma, air within the trachea,
truncus pulmonalis, aorta descendent, and paravertebral
muscle,26 as shown in Figure 1. Moreover, the signal-to-
noise ratio (SNR) was calculated in all ROIs as follows27:

SNR ¼ HU1

SD1

The paravertebral muscle measurements were used as the
background attenuation to calculate contrast-to-noise ratio
(CNR) as follows27:

CNR ¼ ðHU1 � HU2Þ
SD2

where HU1 is the attenuation value measured in peripheral
lung parenchyma or aorta descendent or truncus pulmonalis
and HU2 and SD2 are the attenuation value and noise
measured in the paravertebral muscle.

Statistical analysis

Data were recorded in Excel (Microsoft Office 2010) and
were analyzed with the Statistical Package for the Social
Sciences software version 18.0 (IBM Corp.). The
Kolmogorov–Smirnov test was performed to determine
whether data were normally distributed. Descriptive sta-
tistical analysis of the collected dosimetry parameters,
CTDIvol, DLP, SSDE, image noise, SNR, and CNR values
was performed for each patient to determine the mean and
standard deviation. Independent sample t test was used to
compare the differences between average-size and large-
size patients. Two-way ANOVA was used to investigate
gender differences between the same size groups. To
compare the difference in image quality within the same
patient group, the Wilcoxon signed ranks test was used. The
p value <.05 was considered as statistically significant.

Ethical considerations

This study was approved by Data Protection Office/
institutional review board at the involved hospital defined
as a quality assurance study. The need for informed consent
for the use of existing CT scan images, including raw data,
was waived. No sensitive patient data was recorded in the
study.

Result

Patient selection

Of 140 patients, 78 (56%) were men and 62 (44%) were
women, and the mean age of the participants was found to
be 70 years (age range, 62–81) years (Table 3).

Figure 2 shows box plots of CTDIvol, DLP, effective
dose, and SSDE categorized according to patient’s size. The
mean CTDIvol of average-size patient was found to be 2.8 ±
0.48 mGy (range, 1.9–3.9) which is significantly lower (p <
.001) than that of the large-size patients (4.5 ± 0.96 mGy;
range, 2.3–6.6 mGy). Nonetheless, mean CTDIvol for the
entire patient group was found to be 3.62 mGy. No sig-
nificant difference was observed with average scan length of
the two patient groups (p = .204). Consequently, mean DLP
of the large-size group (193.6 ± 42.37 mGy∙cm; range,
94.2–293.5) was significantly (p < .001) higher than that of
the average-size patients (115.22 ± 21.45 mGy∙cm, range,
79–160.2). The same trend was seen for the effective dose
and SSDE data, where effective dose and SSDE of the large-
size patients were 3.3 ± 0.72 mSv (range, 1.6–5) and 5.3 ±
1.03 mGy (range, 2.9–7.4) and that of average-size patients
were 2 ± 0.4 mSv (range, 1.3–2.7) and 3.8 ± 0.67 mGy
(range, 2.7–5.2), respectively (Figure 2). No correlation
between gender and dose was observed in this study. No
statistically significant difference was found between the

Figure 1. Placement of the regions of interest for an objective
image quality assessment: the subcutaneous fat, peripheral lung
parenchyma, air within the trachea, truncus pulmonalis, aorta
descendent, and paravertebral muscle.
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CTDIvol (p = .28), DLP (p = .32), SSDE (p = .31), and
effective dose (p = .3) when comparing the dose in men
versus women within the same size group.

The objective image analysis results are presented in
Table 4. The image noise in the air within the trachea and
peripheral lung parenchyma did not significantly differ
between average-size and large-size for iDose, except for
subcutaneous fat (p = .009), truncus pulmonalis (p = .044),
aorta descendent (p = .015), and paravertebral muscle (p =
.003) that had a significant difference. Image noise, SNR,
and CNR of images reconstructed with IMR did not sig-
nificantly differ between average-size and large-size for all
tissue types (Figure 3). The same trend was seen for images
reconstructed with iDose, except CNR of the peripheral
lung parenchyma (p = .001). As expected, significant

difference was found for image noise, SNR, and CNR of
iDose and IMR images within the same patient group for all
tissue types, where IMR improves the image quality of
LDCT more than hybrid algorithm iDose (p < .001).

Discussion

In this study, the impact of a LDCT protocol on dose and
image quality in both average-size and large-size patients
was investigated. The results of this study showed a sig-
nificantly higher radiation dose for large-size patient group
compared to average-size. However, no significant differ-
ence in objective image quality was observed between the
two patient groups.

Table 3. Basic characteristics of the participants.

Characteristics Average-size n (%) Large-size n (%)

Number of study participants 70 (50) 70 (50)
Gender
Male 22 (30) 56 (80)
Female 48 (70) 14 (20)

Age (years), median ± SD 70 ± 5 69 ± 5
Range (years) 62 - 81 62 - 81

Figure 2. Box plot showing (a) CTDIvol = volume CT dose index, (b) DLP = dose-length product, (c) effective dose, and (d) SSDE = size-
specific dose estimate of lung cancer screening using low-dose computed tomography. Box plot midlines indicate medians, outer lines
indicate 25th and 75th percentiles, respectively, and whiskers indicate the range of data points excluding outliers represented by blank
circle. p < .05 indicates statistical significance between average-size and large-size.
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Even though the risk of radiation-induced cancer is low
compared to the benefits of LCS, it is important to keep all
doses as low as possible, especially for patients undergoing
repetitive examinations.28 According to the ACR and
AAPM recommendation, LDCT must be performed with a
CTDIvol of ≤3.0 mGy for a standard-sized patient.18,20 In the
present study, the mean CTDIvol for the average-sized
patient was found to be 2.8 mGy, which is well within
the recommendation. For protocols that use AEC methods,
the tube output will be dependent on the patient’s anatomy.
Our results also reveal that the Philips AEC (DoseRight Z +
3D) used in this study allowed the tube output to be adjusted
according to patient size. Thus, mean CTDIvol used for the
large-size patients was significantly higher than that of the
average-sized patients. Other researchers have also reported
CTDIvol < 3 mGy for average-size patients with appropriate
reduction and increment for patients with lower and higher
BMIs.29,30 No statistically significant difference was found
between the radiation dose (CTDIvol, DLP, SSDE, and
effective dose) related to gender within the same size
group. The results are in agreement with doses reported by
Chu et al31 confirming that dose variation is dependent on
patient size and not gender.

Mean CTDIvol observed in this study for average-sized
and large-size patients (2.8 and 4.5 mGy, respectively) was
higher than what AAPM proposes for a Philips Brilliance
iCT 256 scanner (2.7 and 3.6 mGy, respectively). Addi-
tionally, mean DLP and ED observed for average-size

patients in this study were 115 mGycm and 2 mSv, re-
spectively, which are higher than what AAPM proposes for
a standard-sized patient (≤75 mGycm and ≤1.0 mSv, re-
spectively).20 These discrepancies might be due to differ-
ence in scan parameters and scanning techniques. Also,
difference in software version can affect the radiation dose
according to the vendor. Besides, research has shown that
small differences in scan techniques even with the use of
AEC can lead to variation in radiation doses for the same
patients.32 Changes in the table height, scan length, and
small differences in the patient’s positioning may also affect
the patients’ radiation dose, according to research.32,33 For
low-dose CT examination, the desired coverage is from the
apex to the lung bases. However, technologist will often add
a “safe margin” to the scan length to assure complete
coverage, which may increase the DLP.33 Hence, scan
length should be adapted strictly to the clinical indication
for each individual patient and must be limited to the area of
interest in order to avoid unnecessary radiation dose to the
patient.34,35 This suggest that there is potential for dose
reduction which implies the protocol will benefit from
optimization.

In lung screening, it is critically important to ensure high
confidence in the detection and volumetric measurements of
small lung nodules.36 The assessment of small lung nodules
does not require high CNR but good spatial resolution
because of the inherent high contrast present in the chest.37

Thus, the evaluation of the lung parenchyma can tolerate

Table 4. Results of the objective image quality assessment: image noise, SNR, and CNR. Results are presented as median ± SD.

Parameter

iDose IMR iDose IMR

Average-size Large-size Average-size Large-size

Difference
between
average-size
and large-size
p-value

Difference
between
average-size
and large-
size p-value

Image noise (HU)
Air within the trachea 27.21 ± 3.81 27.49 ± 4.48 13.16 ± 2.18 13.09 ± 2.69 0.700 0.861
Peripheral lung parenchyma 24.93 ± 4.50 25.46 ± 3.24 12.33 ± 12.07 13.11 ± 2.72 0.441 0.059
Subcutaneous fat 30.53 ± 5.34 33.04 ± 5.89 11.38 ± 1.44 11.30 ± 1.62 0.009 0.769
Truncus pulmonalis 34.25 ± 5.60 36.31 ± 5.89 12.60 ±1.85 12.82 ± 1.15 0.044 0.395
Aorta descendent 35.76 ± 6.21 38.42 ± 6.53 12.43 ± 1.31 12.64 ± 1.67 0.015 0.412
Paravertebral muscle 36.83 ± 5.90 39.59 ± 5.05 14.26 ± 4.05 13.35 ±2.34 0.003 0.106

SNR
Peripheral lung parenchyma 37.42 ± 7.19 36.06 ± 5.46 75.74 ± 14.32 71.89 ± 15.13 0.212 0.124
Truncus pulmonalis 1.40 ± 0.36 1.33 ± 0.30 3.61 ± 0.72 3.70 ± 0.69 0.667 0.422
Aorta descendent 1.31 ± 0.25 1.29 ± 0.30 3.69 ± 0.69 3.63 ± 0.53 0.243 0.601

CNR
Peripheral lung parenchyma 26.23 ± 4.54 24.09 ± 3.63 71.19 ± 18.96 72.81 ± 13.41 0.001 0.561
Truncus pulmonalis 0.42 ± 0.31 0.37 ± 0.32 1.05 ± 0.82 1.17 ±0.96 0.199 0.455
Aorta descendent 0.41 ± 0.30 0.37 ± 0.27 1.09 ± 0.81 1.02 ± 0.75 0.206 0.587

p < .05. HU = Hounsfield unit, SD = standard deviation, CNR = contrast-to-noise ratio, SNR = signal-to-noise ratio.
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high noise. Therefore, it is important that careful attention
be paid to the selection of exposure parameters in order to
achieve the desired level of image quality.36 Our results
revealed no significant differences in image noise between
patient sizes when images where reconstructed with IMR
and 0.9 mm slice thickness. The reconstructed slice
thickness is a critical determinant for the detection and
volumetric measurement accuracy of small nodules as well

as the ability to reconstruct images in multiple planes.
Consequently, thinner slice thickness increases spatial
resolution and decreases the partial volume effect even
though it increases image noise.38,39 In the present study,
slice thickness of 0.9 mm was used for both lung and soft
tissue reconstructions. Study findings have shown greater
variability and inaccuracy in volume determination of small
nodules compared with large nodules with different slice

Figure 3. Bar chart showing (a) SNR = signal-to-noise ratio and (b) CNR = contrast-to-noise ratio in mean for average-size and
overweight. HU = Hounsfield units.
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thicknesses.38–40 Winer-Muram and colleagues41 found that
an increase in slice thickness leads to an increase in
overestimation of nodule volume. Our data indicates that
MBIR (IMR) improves the image quality of LDCT more
than hybrid algorithm (iDose) which is in accordance with
previous studies.42

The present study has some limitations that need to be
addressed. Thus, patient’s weight and height were not
available for this study, making it impossible to calculate
BMI of the patients. Hence, patient grouping was done
based on AP diameter measured in axial slices at the carina
and compared with that of previous studies where weight
and height were recorded. The study would have benefited
from a qualitative image quality assessment; however, this
is a retrospective study so all images had been evaluated by
one or two radiologist and image quality was considered
clinically adequate. Finally, the study was carried out at a
single institution. However, our findings are generally in
line with previous studies and therefore may well be valid to
other centers. In conclusion, this study showed that the
CTDIvol values from a lung cancer screening program were
within the AAPM recommended dose for average-size
patients. It also showed the use of AEC adjusted the
dose according to patient size without affecting image
quality. However, the protocol might benefit from optimi-
zation of scan parameters in order to reduce the radiation
dose further.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

ORCID iDs

Salma Naimi  https://orcid.org/0009-0003-7993-1624
Safora Johansen  https://orcid.org/0000-0003-2307-4179

References

1. Rampinelli C, De Marco P, Origgi D, et al. Exposure to low
dose computed tomography for lung cancer screening and risk
of cancer: secondary analysis of trial data and risk-benefit
analysis. BMJ 2017; 356: j347. DOI: 10.1136/bmj.j347.

2. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer sta-
tistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA A
Cancer J Clin 2018; 68: 394–424. DOI: 10.3322/caac.21492.

3. Murugan VA, Kalra MK, Rehani M, et al. Lung cancer
screening: computed tomography radiation and protocols.

J Thorac Imag 2015; 30: 283–289. DOI: 10.1097/RTI.
0000000000000150.

4. Raji OY, Duffy SW, Agbaje OF, et al. Predictive accuracy of
the Liverpool Lung Project risk model for stratifying patients
for computed tomography screening for lung cancer: a case-
control and cohort validation study. Ann Intern Med 2012;
157: 242–250. DOI: 10.7326/0003-4819-157-4-201208210-
00004.

5. Kreftregisteret. Cancer in Norway 2019. Oslo: Kref-
tregisteret, 2022. https://www.kreftregisteret.no/globalassets/
cancer-in-norway/2019/cin_report.pdf (accessed 17 mai
2023).

6. Chansky K, Detterbeck FC, Nicholson AG, IASLC Staging
and Prognostic Factors Committee, Advisory Boards, and
Participating Institutions, et al. The IASLC lung cancer
staging project: external validation of the revision of the TNM
stage groupings in the eighth edition of the TNM classifi-
cation of lung cancer. J Thorac Oncol 2017; 12: 1109–1121.
DOI: 10.1016/j.jtho.2017.04.011.

7. Taekker M, Kristjansdottir B, Graumann O, et al. Diagnostic
accuracy of low-dose and ultra-low-dose CT in detection of
chest pathology: a systematic review. Clin Imag 2021; 74:
139–148. DOI: 10.1016/j.clinimag.2020.12.041.

8. National Lung Screening Trial Research TeamAberle DR,
Adams AM, Berg CD, et al. Reduced lung-cancer mortality
with low-dose computed tomographic screening. N Engl J
Med 2011; 365: 395–409. DOI: 10.1056/NEJMoa1102873.

9. de Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced
lung-cancer mortality with volume CT screening in a ran-
domized trial. N Engl J Med 2020; 382: 503–513. DOI: 10.
1056/NEJMoa1911793.

10. Heuvelmans MA, Oudkerk M. Appropriate screening inter-
vals in low-dose CT lung cancer screening. Transl Lung
Cancer Res 2018; 7: 281–287. DOI: 10.21037/tlcr.2018.05.
08.

11. Wood DE, Kazerooni EA, Baum SL, et al. Lung cancer
screening, version 3.2018, NCCN clinical practice guidelines
in oncology. J Natl Compr Cancer Netw 2018; 16: 412–441.
DOI: 10.6004/jnccn.2018.0020.

12. Perisinakis K, Seimenis I, Tzedakis A, et al. Radiation burden
and associated cancer risk for a typical population to be
screened for lung cancer with low-dose CT: a phantom study.
Eur Radiol 2018; 28: 4370–4378. DOI: 10.1007/s00330-018-
5373-7.

13. Smith-Bindman R, Wang Y, Chu P, et al. International var-
iation in radiation dose for computed tomography exami-
nations: prospective cohort study. BMJ 2019; 364: k4931.
DOI: 10.1136/bmj.k4931.

14. Saltybaeva N, Martini K, Frauenfelder T, et al. Organ dose
and attributable cancer risk in lung cancer screening with low-
dose computed tomography. PLoS One 2016; 11: e0155722.
DOI: 10.1371/journal.pone.0155722.

15. Vonder M, Dorrius MD, Vliegenthart R. Latest CT tech-
nologies in lung cancer screening: protocols and radiation

8 Acta Radiologica Open 13(7)

https://orcid.org/0009-0003-7993-1624
https://orcid.org/0009-0003-7993-1624
https://orcid.org/0000-0003-2307-4179
https://orcid.org/0000-0003-2307-4179
https://doi.org/10.1136/bmj.j347
https://doi.org/10.3322/caac.21492
https://doi.org/10.1097/RTI.0000000000000150
https://doi.org/10.1097/RTI.0000000000000150
https://doi.org/10.7326/0003-4819-157-4-201208210-00004
https://doi.org/10.7326/0003-4819-157-4-201208210-00004
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2019/cin_report.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2019/cin_report.pdf
https://doi.org/10.1016/j.jtho.2017.04.011
https://doi.org/10.1016/j.clinimag.2020.12.041
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.21037/tlcr.2018.05.08
https://doi.org/10.21037/tlcr.2018.05.08
https://doi.org/10.6004/jnccn.2018.0020
https://doi.org/10.1007/s00330-018-5373-7
https://doi.org/10.1007/s00330-018-5373-7
https://doi.org/10.1136/bmj.k4931
https://doi.org/10.1371/journal.pone.0155722


dose reduction. Transl Lung Cancer Res 2021; 10:
1154–1164. DOI: 10.21037/tlcr-20-808.

16. National Research Council (US) Board on Radiation Effects
Research. Health risks from exposure to low levels of ionizing
radiation: BEIR VII, phase I, letter Report (1998). Wash-
ington (DC): National Academies Press, 1998.

17. Kazerooni EA, Austin JH, Black WC, American College of
Radiology and Society of Thoracic Radiology, et al. ACR-
STR practice parameter for the performance and reporting of
lung cancer screening thoracic computed tomography (CT):
2014 (Resolution 4). J Thorac Imag 2014; 29: 310–316. DOI:
10.1097/RTI.0000000000000097.

18. American College of R. Adult lung cancer screening technical
specifications. Atlanta, GA: American College of R. 2014,
https://www.acraccreditation.org/-/media/ACRAccreditation/
Documents/LCS/Lung-Cancer-Screening-Technical-
Specifications.pdf?la=en</eref (accessed 17 mai 2023).

19. European Society of Thoracic Imaging. Chest CT for lung
cancer screening. Vienna: European society of Thoracic
Imaging, 2020. https://www.myesti.org/content-esti/uploads/
ESTI-LCS-technical-standards_2019-06-14.pdf (accessed
17 mai 2023).

20. American Association for Physicists in Medicine (AAPM).
AAPM lung cancer screening CT protocols version 5.1. Lung
Cabcer Screening CT Protocols. Alexandria, VA: AAPM,
2019. https://www.aapm.org/pubs/CTProtocols/documents/
LungCancerScreeningCT.pdf (accessed 17 mi 2023).

21. Tammemagi MC, Katki HA, Hocking WG, et al. Selection
criteria for lung-cancer screening. N Engl J Med 2013; 368:
728–736. DOI: 10.1056/NEJMoa1211776.

22. Wei BaJ A. BMI classification percentile and cut off points.
In: StatPearls. Treasure Island, FL: StatPearls Publishing,
2022.

23. Afadzi M, Fossa K, Andersen HK, et al. Image quality
measured from ultra-low dose chest computed tomography
examination protocols using 6 different iterative recon-
structions from 4 vendors, a phantom study. J Comput Assist
Tomogr 2020; 44: 95–101. DOI: 10.1097/RCT.
0000000000000947.

24. Trattner S, Halliburton S, Thompson CM, et al. Cardiac-
specific conversion factors to estimate radiation effective dose
from dose-length product in computed tomography. JACC
Cardiovasc Imaging 2018; 11: 64–74. DOI: 10.1016/j.jcmg.
2017.06.006.

25. American Association of Physicists in Medicine. Size-
specific dose estimates (SSDE) in pediatric and adult body CT
examinations. Alexandria, VA: AAPM, 2018. https://www.
aapm.org/pubs/reports/rpt_204.pdf (accessed 25 Mai 2023).

26. Do TD, Rheinheimer S, Kauczor HU, et al. Image quality
evaluation of dual-layer spectral CT in comparison to single-
layer CT in a reduced-dose setting. Eur Radiol 2020; 30:
5709–5719. DOI: 10.1007/s00330-020-06894-7.

27. Jensen K, Andersen HK, Smedby O, et al. Quantitative
measurements versus receiver operating characteristics and

visual grading regression in CT images reconstructed with
iterative reconstruction: a phantom study. Acad Radiol 2018;
25: 509–518. DOI: 10.1016/j.acra.2017.10.020.

28. Demb J, Chu P, Yu S, et al. Analysis of computed tomography
radiation doses used for lung cancer screening scans. JAMA
Intern Med 2019; 179: 1650–1657. DOI: 10.1001/
jamainternmed.2019.3893.

29. Fujii K, McMillan K, Bostani M, et al. Patient size-specific
analysis of dose indexes from CT lung cancer screening. AJR
Am J Roentgenol 2017; 208: 144–149. DOI: 10.2214/AJR.
16.16082.

30. Kim EY, Kim TJ, Goo JM, et al. Size-specific dose estimation
in the Korean lung cancer screening project: does a 32-cm
diameter phantom represent a standard-sized patient in Ko-
rean population? Korean J Radiol 2018; 19: 1179–1186. DOI:
10.3348/kjr.2018.19.6.1179.

31. Chu PW, Kofler C, Haas B, et al. Dose length product to
effective dose coefficients in adults. Eur Radiol 2024; 34(4):
2416–2425. DOI: 10.1007/s00330-023-10262-6.

32. Suntharalingam S, Stecker FF, Guberina N, et al. How much
is the dose varying between follow-up CT-examinations
performed on the same scanner with the same imaging
protocol? PLoS One 2016; 11: e0152961. DOI: 10.1371/
journal.pone.0152961.

33. Huo D, Kiehn M, Scherzinger A. Investigation of low-dose
CT lung cancer screening scan “Over-Range” issue using
machine learning methods. J Digit Imag 2019; 32: 931–938.
DOI: 10.1007/s10278-019-00233-z.

34. Yu L, Liu X, Leng S, et al. Radiation dose reduction in
computed tomography: techniques and future perspective.
Imag Med 2009; 1: 65–84. DOI: 10.2217/iim.09.5.

35. Shahir K, Goodman LR, Lam CA, et al. Dose reduction of
69% for computed tomography pulmonary angiography:
reduced z-axis computed tomography pulmonary angiogra-
phy retains accuracy in those younger than 40 years.
J Comput Assist Tomogr 2013; 37: 765–769. DOI: 10.1097/
RCT.0b013e31829d198a.

36. Iball GR, Darby M, Gabe R, et al. Establishing scanning
protocols for a CT lung cancer screening trial in the UK. Br J
Radiol 2021; 94: 20201343. DOI: 10.1259/bjr.20201343.

37. Fillon M, Si-Mohamed S, Coulon P, et al. Reduction of
patient radiation dose with a new organ based dose
modulation technique for thoraco-abdominopelvic com-
puted tomography (CT) (Liver dose right index). Diagn
Interv Imaging 2018; 99: 483–492. DOI: 10.1016/j.diii.
2018.01.013.

38. Petrou M, Quint LE, Nan B, et al. Pulmonary nodule volu-
metric measurement variability as a function of CT slice
thickness and nodule morphology. AJR Am J Roentgenol
2007; 188: 306–312. DOI: 10.2214/AJR.05.1063.

39. Zhao B, Schwartz LH, Moskowitz CS, et al. Pulmonary
metastases: effect of CT section thickness on measurement--
initial experience. Radiology 2005; 234: 934–939. DOI: 10.
1148/radiol.2343040020.

Naimi et al. 9

https://doi.org/10.21037/tlcr-20-808
https://doi.org/10.1097/RTI.0000000000000097
https://www.acraccreditation.org/-/media/ACRAccreditation/Documents/LCS/Lung-Cancer-Screening-Technical-Specifications.pdf?la=en</eref
https://www.acraccreditation.org/-/media/ACRAccreditation/Documents/LCS/Lung-Cancer-Screening-Technical-Specifications.pdf?la=en</eref
https://www.acraccreditation.org/-/media/ACRAccreditation/Documents/LCS/Lung-Cancer-Screening-Technical-Specifications.pdf?la=en</eref
https://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
https://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
https://www.aapm.org/pubs/CTProtocols/documents/LungCancerScreeningCT.pdf
https://www.aapm.org/pubs/CTProtocols/documents/LungCancerScreeningCT.pdf
https://doi.org/10.1056/NEJMoa1211776
https://doi.org/10.1097/RCT.0000000000000947
https://doi.org/10.1097/RCT.0000000000000947
https://doi.org/10.1016/j.jcmg.2017.06.006
https://doi.org/10.1016/j.jcmg.2017.06.006
https://www.aapm.org/pubs/reports/rpt_204.pdf
https://www.aapm.org/pubs/reports/rpt_204.pdf
https://doi.org/10.1007/s00330-020-06894-7
https://doi.org/10.1016/j.acra.2017.10.020
https://doi.org/10.1001/jamainternmed.2019.3893
https://doi.org/10.1001/jamainternmed.2019.3893
https://doi.org/10.2214/AJR.16.16082
https://doi.org/10.2214/AJR.16.16082
https://doi.org/10.3348/kjr.2018.19.6.1179
https://doi.org/10.1007/s00330-023-10262-6
https://doi.org/10.1371/journal.pone.0152961
https://doi.org/10.1371/journal.pone.0152961
https://doi.org/10.1007/s10278-019-00233-z
https://doi.org/10.2217/iim.09.5
https://doi.org/10.1097/RCT.0b013e31829d198a
https://doi.org/10.1097/RCT.0b013e31829d198a
https://doi.org/10.1259/bjr.20201343
https://doi.org/10.1016/j.diii.2018.01.013
https://doi.org/10.1016/j.diii.2018.01.013
https://doi.org/10.2214/AJR.05.1063
https://doi.org/10.1148/radiol.2343040020
https://doi.org/10.1148/radiol.2343040020


40. Gomi S, Muramatsu Y, Tsukagoshi S, et al. Low-dose CT
screening for lung cancer with automatic exposure control:
phantom study. Radiol Phys Technol 2008; 1: 244–250. DOI:
10.1007/s12194-008-0036-z.

41. Winer-Muram HT, Jennings SG, Meyer CA, et al. Effect of
varying CT section width on volumetric measurement of
lung tumors and application of compensatory equations.

Radiology 2003; 229: 184–194. DOI: 10.1148/radiol.
2291020859.

42. Yuki H, Oda S, Utsunomiya D, et al. Clinical impact of
model-based type iterative reconstruction with fast recon-
struction time on image quality of low-dose screening chest
CT. Acta Radiol 2016; 57(3): 295–302. DOI: 10.1177/
0284185115575537.

10 Acta Radiologica Open 13(7)

https://doi.org/10.1007/s12194-008-0036-z
https://doi.org/10.1148/radiol.2291020859
https://doi.org/10.1148/radiol.2291020859
https://doi.org/10.1177/0284185115575537
https://doi.org/10.1177/0284185115575537

	Evaluation of an in
	Introduction
	Method and materials
	Patient data
	Patient selection
	CT acquisition parameters
	Radiation dose assessment
	Objective image analysis
	Statistical analysis
	Ethical considerations

	Result
	Patient selection

	Discussion
	Declaration of conflicting interests
	Funding
	ORCID iDs
	References


