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A B S T R A C T   

Objectives: To evaluate the performance of artificial intelligence (AI) software for automatic thoracic aortic 
diameter assessment in a heterogeneous cohort with low-dose, non-contrast chest computed tomography (CT). 
Materials and methods: Participants of the Imaging in Lifelines (ImaLife) study who underwent low-dose, non- 
contrast chest CT (August 2017–May 2022) were included using random samples of 80 participants <50y, ≥80y, 
and with thoracic aortic diameter ≥40 mm. AI-based aortic diameters at eight guideline compliant positions were 
compared with manual measurements. In 90 examinations (30 per group) diameters were reassessed for intra- 
and inter-reader variability, which was compared to discrepancy of the AI system using Bland-Altman analysis, 
paired samples t-testing and linear mixed models. 
Results: We analyzed 240 participants (63 ± 16 years; 50 % men). AI evaluation failed in 11 cases due to 
incorrect segmentation (4.6 %), leaving 229 cases for analysis. No difference was found in aortic diameter be-
tween manual and automatic measurements (32.7 ± 6.4 mm vs 32.7 ± 6.0 mm, p = 0.70). Bland-Altman 
analysis yielded no systematic bias and a repeatability coefficient of 4.0 mm for AI. Mean discrepancy of AI 
(1.3 ± 1.6 mm) was comparable to inter-reader variability (1.4 ± 1.4 mm); only at the proximal aortic arch 
showed AI higher discrepancy (2.0 ± 1.8 mm vs 0.9 ± 0.9 mm, p < 0.001). No difference between AI 
discrepancy and inter-reader variability was found for any subgroup (all: p > 0.05). 
Conclusion: The AI software can accurately measure thoracic aortic diameters, with discrepancy to a human 
reader similar to inter-reader variability in a range from normal to dilated aortas.   

1. Introduction 

Thoracic aortic aneurysms are usually detected incidentally and 
generally grow without symptoms until they rupture, which is often 
fatal [1]. Increased utilization of computed tomography (CT) results in 
detection of aortic aneurysms on scans that have been performed for 
other indications [2], e.g. lung cancer screening [3,4]. Aortic diameters 
as measured on chest CT serve as a reliable tool for diagnosis of thoracic 
aortic aneurysms, and is recommended by several guidelines (European 
Society of Cardiology (ESC) and American Heart Association (AHA)) 
[5,6]. However, guideline compliant analysis [7] of the thoracic aorta is 
a time consuming task, since it entails manual measurement of 

maximum and orthogonal diameters perpendicular to the lumen at nine 
positions. Potentially, this task could be carried out by artificial intel-
ligence (AI) software integrated in the chest CT analysis workflow. 
Previous work [8] evaluated the performance of a commercial AI algo-
rithm (AI-Rad companion) on 250 chest CT and CT angiography (CTA) 
scans from a diverse clinical cohort. They showed that this AI software 
could accurately measure thoracic diameters compared to a human 
reader, but a high coefficient of repeatability of 8.0 mm implied that 
human supervision remains needed. To determine if AI software for 
aortic evaluation could entirely replace human reading, the perfor-
mance of AI software should be compared to the current clinical practice 
and particularly to the intra- and inter-reader variability present in 
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routine clinical setting. If the performance of the AI software is similar to 
manual aortic measurements and variability between human readers, 
this would indicate sufficient reliability for clinical implementation. AI 
software may have challenges on non-triggered, low-dose chest CT 
scans, as used in lung cancer screening [9], which necessitates separate 
validation. Furthermore, AI software needs to have sufficient accuracy 
across the range of aortic measurements that could be found in a general 
cohort, including those with a dilated aorta. 

Therefore, the aim of this study was to evaluate the performance of 
AI software for automatic diameter assessment of the thoracic aorta at 
low-dose non-contrast chest CT, compared to manual evaluation, in a 
cohort with a range of aortic diameters. 

2. Materials and methods 

2.1. Study population and CT acquisition 

For this study, a subset of participants from the Imaging in Lifelines 
(ImaLife) study was selected. The ImaLife study is embedded in the 
Lifelines cohort. Lifelines is a multi-disciplinary prospective population- 
based cohort study examining health and health-related behaviors of 
167,729 persons living in the north of the Netherlands, established in 
2006 [10]. It employs a broad range of investigative procedures in 
assessing the factors which contribute to the health and disease of the 
general population, with a special focus on multi-morbidity and complex 
genetics. From the Lifelines cohort, 12,128 participants aged 45 years 
and above were included for the ImaLife substudy, after attending the 
second Lifelines examination round (2014–2017) [11]. The ImaLife 
study was approved by the medical ethics committee of the University 
Medical Center Groningen and all participants provided informed con-
sent. The ImaLife study was registered with the Dutch Central Com-
mittee on Research Involving Human Subjects (https://www.toetsing 
online.nl, NL58592.042.16). 

ImaLife participants underwent a non-triggered, non-contrast low- 
dose chest CT on a third-generation dual-source CT system (SOMA-
TOM Force, Siemens Healthineers (Germany)) between August 2017 
and May 2022. The scanning protocol included the following parame-
ters: 120 kVp, 20 mAs, pitch 3.0, 1/0.7 mm slice thickness, and soft 
tissue kernel (Br40) reconstruction. Further parameters for CT acquisi-
tion and reconstruction were described in the design paper [11]. 

A purposive sample based on age and thoracic aortic diameter was 
made to ensure the full range of aortic diameters and age-related vari-
ations was present for this substudy: (A) 80 participants <50 years of age 
(low probability for calcifications, elongation and dilatation), (B) 80 
participants ≥80 years of age (high probability for calcifications, elon-
gation and dilatation), and (C) 80 participants with thoracic aortic 
diameter ≥40 mm as incidentally detected. Participants were first 
selected based on aortic diameter ≥40 mm, thereafter age, and finally 
sex (50 % of each). 

Participant characteristics including cardiovascular comorbidities 
and risk factors were obtained from the Lifelines study and included 
history of coronary interventions (percutaneous coronary intervention 
or bypass surgery), congestive heart failure and stroke, diabetes mellitus 
(fasting blood glucose >7.0 mmol/L or use of antidiabetic medication), 
hypertension (systolic blood pressure ≥140 mm Hg, diastolic blood 
pressure ≥90 mm Hg or use of antihypertensive medication) and hy-
percholesterolemia (low-density lipoprotein cholesterol ≥3.5 mmol/L 
or use of lipid lowering medication). Information on smoking included 
pack years and current smoking status. 

2.2. Manual diameter measurements 

Chest CT scans were reviewed using syngo.via software (VB60, 
Siemens Healthineers (Germany)) for measurement of thoracic aortic 
diameters at eight anatomic landmark positions following AHA and ESC 
guidelines. Following AHA guidelines, external aortic diameters were 

reported. The ninth measurement position at the location of the 
abdominal aorta was excluded since many CTs did not include the upper 
abdomen and/or contained much noise. The eight evaluated positions 
are depicted in Fig. 2 and comprise [7]:  

1) Sinus of Valsalva  
2) Sinotubular junction  
3) Mid ascending aorta  
4) Proximal aortic arch  
5) Mid aortic arch  
6) Proximal descending aorta  
7) Mid descending aorta  
8) Aorta at diaphragm 

A licensed technical physician (IH) was trained by examining 60 
cases under supervision of an EBCR radiologist (RV) with 15+ years of 
experience. The trained reader measured diameters at all landmark 
positions on the 240 chest CTs. A subset of 90 scans (30 per subset 
group) was re-evaluated in random order by the same reader after a 
period of one month to obtain intra-reader variability. This subset was 
also reviewed by a senior radiology resident (EH) (4 years of experience) 
to obtain inter-reader variability. Both reviewers were blinded to AI- 
based thoracic diameters. 

2.3. Automatic diameter measurements by AI 

The chest CT scans were also reviewed by AI software, the AI-Rad 
Companion chest CT research application (Version 08/2022, Siemens 
Healthineers (Germany)). Within the algorithm, aortic landmark posi-
tions were detected based on Deep Reinforcement learning [12] and 
segmentation of the aorta was done using an adversarial DI2IN in a 
symmetric convolutional encoder-decoder architecture [13]. It subse-
quently determined the appropriate locations to compute the diameters 
in the planes perpendicular to the centerline [14] and automatically 
generated those diameters. The model was trained on over 1000 non- 
cardiac chest CT examinations from multiple scanner types for sus-
pected noncardiac pathology, before releasing the application to the 
market. The technical physician visually reviewed all assessments by the 
AI-Rad Companion for accuracy of segmentation, measurement position 
within the thoracic aorta and plane angulation. This step only included 
visual scoring, no adjustments or corrections were made to AI 
measurements. 

2.4. Statistical analysis 

Continuous variables were represented as mean ± standard devia-
tion (SD) for overall diameter measurements, measurements per land-
mark position and per subgroup. Only maximum diameter 
measurements per landmark position per individual participant were 
analyzed, due to their clinical relevance. We visualized data to identify 
potential outliers. Intra- and inter-reader variability were derived from 
manual diameter measurements and represented as absolute measure-
ment difference. Discrepancy between automatic and manual diameters 
was defined as the mean absolute difference ± SD. 

AI-based diameters were compared to manual diameters using a 
linear mixed model with case as random effect and a fixed effect con-
sisting of location (p < 0.05). Additionally, reproducibility and sys-
tematic error between automatic and manual measurements was 
assessed using Bland-Altman analysis. 

Since we defined the maximum acceptable clinical bias of automated 
measurements to be equal to variability present in manual measure-
ments, further analysis included comparison of AI-based absolute 
discrepancy and inter-reader variability. Comparison per landmark po-
sition included paired samples t-tests (p < 0.00625) and comparison per 
subgroup was done using linear mixed model with case as random effect 
and location as fixed effect (p < 0.05), both with Bonferroni correction. 
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Additionally, the performance of the AI-based algorithm for the different 
subgroups was evaluated using the linear mixed model. 

All statistical analyses were performed using SPSS version 28.0.0 
(SPSS, Inc., Chicago, IL). 

3. Results 

3.1. Participant characteristics 

A total of 240 participants (63 ± 16 years; 50 % men) were included; 
the selection process is depicted in Fig. 1. Demographic data including 
risk factors and comorbidities are shown in Table 1. Manual assessment 
of the thoracic aorta resulted in 1920 individual measurements for 
maximum diameters. Overall, the mean maximum aortic diameter was 
32.7 ± 6.4 mm. Table 2 shows the mean maximum diameter per sub-
group for every landmark position. 

3.2. Manual diameter measurements 

Overall absolute intra- and inter-reader variability was 0.8 ± 0.8 mm 
and 1.4 ± 1.4 mm, respectively. Fig. 3a and 3b show intra- and inter- 
reader variability at the eight aortic positions and per cohort sub-
group. The systematic bias for the intra- and inter-reader analysis was 

Fig. 1. Flow diagram of participant and subgroup selection from the ImaLife cohort.  

Fig. 2. Output from AI software showing the thoracic aorta with the eight 
guideline compliant diameter measurements (1: Sinus of Valsalva; 2: Sino-
tubular junction; 3: Mid ascending aorta; 4: Proximal aortic arch; 5: Mid aortic 
arch; 6: Proximal descending aorta; 7: Mid descending aorta; 8: Aorta 
at diaphragm). 

Table 1 
Demographics data of the study population.  

Parameter <50 years 
of age 

≥80 years 
of age 

Thoracic aortic 
diameter≥40 mm 

Number of participants 80 80 80 
Age (years) ± SD* 46 ± 1 82 ± 2 59 ± 16 
Male 40 (50 %) 40 (50 %) 40 (50 %) 
Body mass index ± SD 25.7 ± 3.7 25.8 ± 2.8 26.3 ± 3.3 
Cardiovascular comorbidities and risk factors 
Ever smoking 41 (51.2 %) 46 (57.5 %) 40 (50 %) 
Current smoking 11 (13.8 %) 4 (5 %) 4 (5 %) 
Pack years ± SD 13.8 ± 13.7 10.5 ± 9.7 12.4 ± 11.5 
Coronary intervention 0 (0 %) 2 (2.5 %) 2 (2.5 %) 
Congestive heart 

failure 
0 (0 %) 1 (1.3 %) 0 (0 %) 

Cerebrovascular 
disease 

0 (0 %) 1 (1.3 %) 1 (1.3 %) 

Diabetes mellitus 1 (1.3 %) 3 (3.8 %) 1 (1.3 %) 
Hypertension 14 (17.5 %) 43 (53.8 %) 29 (36.3 %) 
Hypercholesterolemia 19 (23.8 %) 53 (66.3 %) 31 (38.8 %) 

*SD = standard deviation. 
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− 0.2 mm and 0.7 mm respectively, with a repeatability coefficient of 
2.2 mm and 3.5 mm respectively, see Supplemental Fig. 1. 

3.3. Automatic diameter measurement by AI versus human reader 

AI analysis failed in 11/240 cases (4.6 %) due to incomplete seg-
mentation, and was complete in 229 participants, resulting in 1832 
maximum diameter measurements. Visual check of failed cases showed 
2 participants with aortic elongation. Dose Length Product and mean 
Heart Rate during scanning gave no indication for AI analysis failing. 
Mean BMI was slightly higher for the failed cases when compared to 
cases in which the automated software was able to produce results (26.4 
± 4.9 vs 25.9 ± 3.2). In outlier analysis one AI measurement of 130 mm 
at the proximal descending aorta was discarded due to incorrect plane 
angulation. 

Mean maximum AI-based thoracic aortic diameter was 32.7 ± 6.0 
mm versus 32.7 ± 6.4 mm for manual measurement (p = 0.70), and 
mean absolute discrepancy was 1.3 ± 1.6 mm. Bland-Altman analysis of 
AI measurements compared to manual measurements resulted in 0 mm 
systematic bias with a coefficient of repeatability of 4.0 mm (Fig. 4). For 
comparison, the systematic bias for the inter-reader analysis (in the 
subsample) was 0.7 mm with a repeatability coefficient of 3.5 mm. 

3.4. Guideline compliant position analysis 

Fig. 3a shows the mean absolute discrepancy for maximum aortic 
diameters between AI and manual measurement. In 50 % of the land-
mark positions, the mean absolute discrepancy was around 1 mm. The 
discrepancy of the AI system (2.0 ± 1.8 mm) exceeded the inter-reader 
variability (0.9 ± 0.9 mm) at the position of the proximal aortic arch (p 
< 0.001). In Fig. 5, an example of diameter measurements of reader 1, 
reader 2 and AI at that position is shown. Conversely, discrepancy of AI 
measurement to the human reader at the proximal descending aorta and 
the diaphragm position was significantly smaller than the inter-reader 
variability at those locations (P < 0.001); an example is shown in 
Fig. 6. The other aortic positions showed no difference when compared 
to the inter-reader variability. 

3.5. Subgroup analysis 

Mean AI-based and manual diameters were found to be respectively 
29.3 ± 5.2 mm and 29.6 ± 4.9 mm for the young age group, 33.6 ± 5.1 
mm and 33.5 ± 4.8 mm for the old age group, and 35.0 ± 7.3 mm and 
35.0 ± 6.7 mm for the group with a thoracic aortic diameter ≥40 mm 
(all: p > 0.05 for comparing AI to manual measurement). Fig. 3b shows 
the discrepancies between the AI software and manual measurements 
alongside the inter-reader variability. AI-based measurements in par-
ticipants with known thoracic aortic diameter ≥40 mm (1.6 ± 2.0 mm) 
showed higher absolute discrepancy than measurements in the groups 

with participants <50 y (1.2 ± 1.3 mm) and >80 y (1.2 ± 1.3 mm) (both 
p < 0.001). 

4. Discussion 

In 240 participants of a population-based study we showed that AI- 
based automated measurements of thoracic aortic diameters on low- 
dose, non-contrast CT were similar to those by manual assessment. 
Mean discrepancy of AI to the human reader fell within 2 mm. In seven 
landmark positions discrepancy of AI was similar to or even smaller than 
inter-reader variability of two human readers. 

Previous studies also evaluated the performance of this commercial 
AI software. In 371 ECG-gated CTA scans, Pradella et al. showed that 
automated AI measurements differed <5 mm from human reading in 
79.6 % of measurements [15]. Additionally, Artzner et al. showed no 
significant difference between AI measurements and human readers for 
any of the landmark positions in a dataset consisting of 122 CT and CTA 
scans [16]. In a small clinical CTA dataset (N = 18), Rueckel et al. [17] 
demonstrated relatively high discrepancy at the sinus of Valsalva and 
the proximal aortic arch, similar to where we found the largest 
discrepancy. They also showed the potential benefit when applying the 
software to follow-up scan protocols. The evaluation of such exams re-
quires consistent measurement of aortic diameters along the aorta, in 
particular concerning positioning and angulation of diameter measure-
ments. In their study, the automated software was able to reduce eval-
uation time without reducing follow-up assessment quality. However, 
low-dose, non-contrast chest CT as used in lung cancer screening was 
not included in these evaluations thus hampering a direct performance 
comparison with our study. 

Overall, discrepancy of AI versus trained human readers in aortic 
sizing was low. The discrepancy at the position of the proximal aortic 
arch was relatively high when compared to the inter-reader variability 
(2.0 vs 0.9 mm). This might be due to the fact that correct positioning of 
this measurement location is prone to interpretation, and differed in a 
more systematic manner between the human reader and the AI system. 
The guideline [6] states that measurement should be placed at the origin 
of the innominate artery. In practice, it was found that the human 
readers chose the position slightly more proximally than AI. However, 
mean absolute discrepancy of AI only exceeded mean inter-reader 
variability by 1 mm, up to 2 mm, and therefore its effect in clinical 
practice can be considered negligible. 

We showed that AI performance remained consistent in the old age 
group compared to the young age group. This indicates that the results 
of the AI system were not significantly affected by the potential in-
fluences of ageing on the thoracic aorta. This includes calcifications, 
elongation and dilation of the thoracic aorta. Discrepancies for partici-
pants with a thoracic aorta ≥40 mm slightly exceeded those of the young 
and old age group, indicating a slightly lower reproducibility of results 
in that subgroup. However, the difference in mean discrepancy was 
smaller than 0.5 mm and therefore not deemed clinically relevant. 

A strength of our study was direct comparison of AI discrepancy to 
the human reader with inter- and intra-reader variability. Therefore, 
potential bias in the AI system could be interpreted in the right context. 
The results for intra- and inter-reader variability within our study are in 
line with previous literature [18] showing an inter-reader variability of 
1–2 mm for the first four landmark positions. Importantly, the AI-based 
discrepancy in our study generally did not exceed 2 mm either, and was 
smaller for many landmark positions. Another strength was the purpo-
sive sampling of our dataset, which ensured a broad range of potential 
diameters and variations in thoracic aortic anatomy. This mitigates the 
risk that the AI system may perform worse in a certain part of the 
population, and particularly those with diseased aortas. The main 
advantage of such a population-based series is that participants within 
this study were a sample of the potential target population of future lung 
cancer screening and therefore the results give an indication of AI per-
formance if it would be implemented in such a setting. 

Table 2 
Mean manual diameter measurements of the study population.  

Diameter measurements* 
(mean ± SD**) 

<50 years 
of age 

≥80 years 
of age 

Thoracic aortic 
diameter≥40 mm 

Overall 29.3 ± 5.2 33.6 ± 5.1 35.0 ± 7.3 
Sinus of Valsalva 36.0 ± 4.2 38.3 ± 3.8 40.7 ± 4.7 
Sinotubular junction 31.3 ± 3.2 33.9 ± 3.4 37.6 ± 4.1 
Mid ascending 33.5 ± 4.0 38.8 ± 3.9 44.2 ± 5.0 
Proximal aortic arch 31.9 ± 3.0 37.0 ± 3.4 39.0 ± 3.6 
Mid aortic arch 28.2 ± 2.4 32.4 ± 2.5 32.6 ± 3.1 
Proximal thoracic 

descending 
26.2 ± 2.3 31.5 ± 3.1 31.2 ± 5.1 

Mid thoracic descending 23.9 ± 2.1 29.1 ± 3.4 28.0 ± 4.9 
Thoracic aorta at 

diaphragm 
23.6 ± 2.0 27.8 ± 2.7 27.1 ± 3.8 

*Based on manual evaluation by reader 1. 
**SD = standard deviation. 
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A limitation of our study was the fact that the two trained readers in 
our study were not (cardiovascular) radiologists, similarly to previous 
work [8]. However, Yacoub et al. showed that good-to-excellent inter- 
reader agreement for thoracic aortic diameter evaluation between a 
non-experienced reader and experienced radiologists [18]. Secondly, 
the set-up of our CT data review system did not allow for comparison of 
time involvement. However, in the study by Rueckel et al. a time 
reduction of 63 % was found using this AI software [17]. In the context 
of our study and its results, these reporting times could potentially be 
even further reduced by using the AI-based algorithm as automatic 
source for pointing out conspicuous cases during lung cancer screening 

without the need and possibility to check (and measure) every scan. 
In conclusion, in low-dose chest CT, AI software can accurately 

measure guideline compliant thoracic aortic diameters in a range from 
normal to dilated aortas, with discrepancy to a human reader similar to 
inter-reader variability. This suggests that AI can replace human mea-
surement of aortic diameters in adequately segmented cases, for 
example in lung cancer screening. 
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manual maximum diameter measurements in a subgroup of 90 CT scans. Green bars represent discrepancy between AI software measurements and manual mea-
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