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Title: Assessing the role of an artificial intelligence assessment tool for thoracic aorta diameter

on routine chest CT

Short title: The role of an Al tool for thoracic aorta measurement on routine CT
Abstract

Objectives

To assess the diagnostic accuracy and clinical impact of automated artificial intelligence (Al)

measurement of thoracic aorta diameter on routine chest CT.
Methods

A single-centre retrospective study involving three cohorts. 210 consecutive ECG-gated CT aorta
scans (mean age 75+13) underwent automated analysis (Al-Rad Companion Chest CT, Siemens)
and were compared to a reference standard of specialist cardiothoracic radiologists for
accuracy measuring aortic diameter. A repeated measures analysis tested reporting consistency
in a second cohort (29 patients, mean age 61+17) of immediate sequential pre-contrast and
contrast CT aorta acquisitions. Potential clinical impact was assessed in a third cohort of 197

routine CT chests (mean age 66+15) to document potential clinical impact.
Results

Al analysis produced a full report in 387/436 (89%) and a partial report in 421/436 (97%).
Manual vs Al agreement was good to excellent (ICC 0.76-0.92). Repeated measures analysis of
expert and Al reports for the ascending aorta were moderate to good (ICC 0.57-0.88). Al
diagnostic performance crossed the the threshold for maximally accepted limits of agreement
(>5mm) at the aortic root on ECG-gated CTs. Al newly identified aortic dilatation in 27% of

patients on routine thoracic imaging with a specificity of 99% and sensitivity of 77%.
Conclusion

Al has good agreement with expert readers at the mid ascending aorta and has high specificity,

but low sensitivity, at detecting dilated aortas on non-dedicated chest CTs.



Advances in knowledge

An Al tool may improve the detection of previously unknown thoracic aorta dilatation on chest

CTs versus current routine reporting.



Manuscript
Introduction

Aortic aneurysm is the pathological dilatation of the aorta and is defined as >50% of the normal
expected width for a given aortic segment with a tendency to expand further[1]. Normal aortic
root measurements vary with sex, age and anthropometrics. However, thoracic aorta dilatation
has been defined previously as 240mm in the ascending aorta and 230mm in the descending

aorta, including in European guidelines[2-4].

Aortic aneurysms enlarge approximately 0.07cm/year, though this can vary based on location,
demographics and aetiology[5]. Risk of fatal complications increases with size[6]. There is an
incidence of 5.3 cases per 100,000 population per year, though the accuracy of this is debated

given the indolent nature of the disease[7].

Most thoracic aortic aneurysms will remain asymptomatic until presentation with life-
threatening complications. In patients with a diameter greater than 6cm thereis a 14.1%
annual risk of complication, which includes rupture and dissection[8]. In-hospital mortality for
type A dissection is reported at 57% without surgery and remains approximately 23% with
emergency surgery[9]. There is a 50% mortality at 30 days from dissection[10]. Additionally,
patients with thoracic aortic aneurysms are at increased risk of other major adverse
cardiovascular events (MACE), thought to be related to shared risk factors (e.g. smoking,

hypertension)[2].

There are no known preventative treatments against developing thoracic aneurysm and so
early diagnosis and management are key to reducing mortality[11]. As a result of their indolent
nature and slow growth, early diagnosis is often through an incidental finding or screening

where there is a strong family history[11, 12].

In the UK, around half a million CT chest and/or abdomen studies were performed in the year
2020-21[13]. In routine clinical practice, manual segmentation measurements of the aorta are
very rarely performed on non-dedicated aorta CT scans, and double oblique measurements

even less frequently. This is particularly true when reported by a general on-call radiologist,



with both requiring a degree of training and can be time consuming. An artificial intelligence
(Al) analysis could help address this. Al tools now exist that provide automated segmentation of
the aorta on a variety of CT chest acquisitions, providing a measure of vessel diameter at
recognised anatomical levels[12, 14, 15]. Whilst this tool is available for commercial purchase,

the authors felt a local validation was warranted prior to a final judgement.

The aims of this validation study were to: (1) compare aortic diameter measurements on CT
between an automated Al assessment and that of specialist cardiothoracic radiology
consultants; (2) determine the consistency of the automated measurements, and (3) assess the

potential clinical impact of automated aortic segmentation on routine CT chest studies.

Materials and Methods
Patient Population

This was a retrospective study of CT chest imaging at our institution, an NHS trust covering a
population of 500,000. Three separate patient cohorts were included in the study to address
the separate aims of measuring diagnostic accuracy, consistency, and clinical impact. Recorded

demographic data included patient age and sex.

Inclusion criteria for the first cohort, evaluating the diagnostic accuracy of an Al tool, were
consecutive ECG-gated CT Aorta studies reported by an expert reader between February 2018
and August 2021. The study period selected was to ensure contemporaneous imaging protocols
and make use of existing expert reports. Exclusion criteria were: (1) the expert reader reported
artefact significantly impairing accurate measurement (excluded at the relevant anatomical
level if focal, or completely if severe), (2) aortic valve replacement (AVR) or transcatheter aortic
valve implantation (TAVI), and (3) a dissection was reported. Both AVR/TAVI and dissections
were excluded at the anatomical level of the abnormality rather than excluding the entire

study.

For the second cohort, evaluating the reliability of the Al tool, inclusion criteria were non-ECG-

gated non-contrast and ECG-gated contrast phases of the same acquisition CT angiogram aorta



undertaken between February 2019 and July 2021. Exclusion criteria consisted of: (1) significant
artefact affecting accurate measurements (excluded at the relevant anatomical level), and (2)
failure of the Al analysis affecting at least one phase of the acquisition. To test the Al tool’s
performance on the non-ECG-gated non-contrast imaging, additional analysis was undertaken

comparing its accuracy with an expert reader on the pre-contrast acquisition of these studies.

The final cohort assessed the potential clinical impact of the Al tool. Inclusion criteria consisted
of sequential thoracic CT studies (undertaken April-May 2019) until 248 studies were included
for each of CT thorax, CT pulmonary angiogram, high-resolution CT (HRCT) and acute ECG-gated
CT Aorta. These studies were selected as the most notable potential clinical utility of the Al tool
may be in scans not routinely reported by expert cardiothoracic readers. Studies failing Al

analysis were excluded.
CT acquisition

All CT scans were obtained using routine acquisition parameters, automated tube voltage and
current settings on either Siemens Definition Edge or Drive CT machines (Siemens Healthineers,
Erlangen, Germany) with suspended respiration from lung apices to bases. Standard CT

protocols were followed and are outlined in the supplementary materials.
Al Tool

The thinnest available axial reconstructed images were sent for fully automated analysis by an

Al-derived post-processing software (Al-Rad Companion Chest CT, Siemens).

Training and validation of the software was conducted by Siemens and the following details of
the software are external to our study. The Siemens software was trained on over 1000 chest
CT scans including contrast and non-contrast scans and was further validated with 193 different

chest CT data-sets[16]. All data-sets used for this were external to our institution.

Deep Reinforcement Learning is used in combination with scale-space analysis to detect the
aortic landmarks automatically[17]. The aortic root is defined as the region of interest (ROI) for
the segmentation algorithm[16]. An adversarial Deep Image-to-Image Network is used to

perform segmentation in a symmetric convolutional encoder-decoder architecture from the



ROI[18] . The front part is a convolutional encoder-decoder network, and the backend a deep
supervision network. Blocks inside consist of convolutional and upscaling layers[16]. A
centreline model generates the aortic centreline, which is used in combination with aortic
landmarks to identify measurement planes at each anatomical location. In each measurement
plane, multiple diameters are computed and the maximum in-plane diameter provided[16]. As
an output, an image of the aorta accompanies the measurements for ease of reviewing results.
Measurements are colour coded in a traffic-light fashion to highlight abnormalities to the
interpreter in a table accompanying the figure, or left out at anatomical levels where
measurement failed. Where the Al tool is unable to analyse a scan at any anatomical level a

report is returned stating “aortic landmarks not found”.

The frequency that Al analysis failed completely, processed the analysis but created a random
output and processed the analysis with inaccurate segmentation were recorded. The frequency
of partial (segmentation considered visually appropriate and >1 aortic measurement provided)

and full reports were recorded.
Diagnostic accuracy

Dedicated ECG-gated CT aorta acquisitions reported by three expert cardiothoracic radiologists
were considered the most appropriate reference standard to compare Al segmentation of the
aorta. The expert read was considered the ground truth. Expert cardiothoracic radiologists (a
Cardiothoracic fellowship Consultant Radiologist with >10 years’ experience) reported these
scans from multiplanar reconstructions in a double oblique view generated using Syngo.via
(Siemens Healthineers, Germany). Widely reported anatomical levels of the thoracic aorta were
measured [3]: the sinus of Valsalva (SoV, measured cusp-to-cusp), sino-tubular junction (STJ),
mid ascending aorta, mid arch, isthmus, mid descending aorta and hiatus (level of the

diaphragm).

Measurements were compared on a per anatomical landmark basis between expert reader
(using the largest diameter reported) and Al analysis for all included studies. Interclass

correlation was used to measure the reliability between expert and Al readings. Single rater,



two-way mixed effects model was used to define the absolute agreement between Al and

manual reporters.

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
for the Al tool’s ability to detect a dilated aorta was measured versus the gold standard expert
reader. This was measured both in the ascending and descending aorta separately (defined as
>40mm ascending aorta / 230mm descending aorta[2—-4]) and across the thoracic aorta as a

whole on a per-patient basis.
Repeated measures

Acute CT aorta studies reported by expert readers provided an opportunity to test for a
repeated measures assessment across separate phases of the same acquisition protocol whilst
using routine clinically acquired imaging. The non-ECG-gated non-contrast and contrast ECG-
gated phases of the same CT angiogram acquisition for 29 patient’s CTs were sent for Al
analysis. Measurements were also taken on both phases by the same expert cardiothoracic
reader on two separate occasions >4 weeks apart. Repeated measures performance of the Al
tool and expert cardiothoracic reader were compared. The diagnostic accuracy of the Al tool in
non-ECG-gated non-contrast imaging was also assessed against the expert read, with analysis

matching that outlined in the diagnostic accuracy section above.
Clinical Impact

Consecutive chest CTs reported by unselected general consultant radiologists at the time of the
scan (April-May 2021) were reviewed and sent for Al analysis. Studies were selected to
represent a real-life cohort with contemporary imaging protocols to reflect the modern practice
of non-expert thoracic readers. This included 50 CT thorax, 50 CT pulmonary angiograms
(CTPA), 49 high-resolution CT chests (HRCT) and 48 ECG-gated CT aortogram studies (acute

scans reported by non-cardiothoracic radiologists).

The manual general radiologists report and electronic clinical records for each patient were
reviewed for pre-existing documented aortic dilatation. The proportion of patients where Al

analysis would have newly identified a dilated thoracic aorta was recorded.



Statistical analysis

Statistical analysis was performed using SPSS v.21 (IBM Corp Armonk, NY, USA). Normality was
assessed through visual analysis of histograms and the Shapiro-Wilk test. Categorical data are
presented as frequency and percentage, and continuous data as mean + standard deviation or
median with interquartile range (IQR). Comparative testing was performed using paired
independent t-tests, where appropriate. Reliability was assessed with Bland-Altman plots and
via the intra-class correlation coefficient (ICC), with <0.5 indicating poor reliability, 0.5-0.75
moderate, 0.75-0.9 good, and >0.9 excellent reliability[19]. ICC estimates and their 95%
confidence intervals were calculated based on a single measures rating, absolute agreement
and two-way mixed effects model. For Bland-Altman analysis, the maximum acceptable limits
of agreement were set at +/- 5mm based on prior assessment of expert reader inter-observer
variability[23]. Clinical impact was assessed as change in diagnosis of aortic dilatation with a

McNemar test. Statistical significance was defined as a two-tailed p value <0.05.
Ethics

This is a retrospective service evaluation approved by our institution’s Trust Audit Committee,
waiving the requirement for formal written consent in line with the Health Research Author

decision tool[20].

Results

Across all three patient cohorts a full report including an output for all anatomical levels was
produced in 387/436 (89%). There were 14 scans (3%) with no analysis possible, 1 scan (<1%)
failing manual quality assurance (QA) check for spurious anatomical locations selected, and 34
(8%) with a partial result only (i.e. 21 anatomical level not measured). Of scans with partial Al
reports produced, 30/34 (88%) had only the hiatus measurement unavailable. The Al tool
produced a measurement at 21 anatomical level that passed manual QA check in 422/436

(96.8%).

Demographics across the three study cohorts included are presented in Table 1.



Diagnostic accuracy

Of the 195 included scans, 1317/1365 (96%) individual anatomical measurements were
analysed after manual QA check with 48 exclusions at focal levels for dissection, incomplete

analysis or inaccurate segmentation (Figure 1).

The absolute difference, proportionate difference and ICC between the expert reader and Al
assessment of the aorta dimensions at each anatomical level on ECG-gated contrast imaging
was at least ‘good’ throughout (Table 2). Al analysis was most accurate relative to the expert
reader in the mid ascending aorta. Table 2 demonstrates the mean absolute and median
proportionate differences in aortic measurements at each anatomical level, which was
maximally 2.6mm (£2.1mm) at the level of the SoV. On Bland-Altman analysis, measurements
crossed the threshold for maximally accepted limits of agreement (>5mm) at the level of the
SoV and STJ (Figure 2). Further detailed comparisons of expert reader and Al measurements are

available in supplementary table S1.

Across the 195 studies analysed, relative to the expert reader reference standard the Al analysis
would have missed 14 patients (7%) with a diameter 240mm in the ascending aorta (10 at the
level of the SoV, 4 at the mid ascending aorta and 2 at both), and 10 cases with a diameter
>30mm in the descending aorta (5 at the level of the isthmus, 4 at the level of the mid
descending aorta and 1 at both). Of those with a dilated ascending thoracic aorta missed by the
Al tool, 6/14 (43%) had a maximum diameter of 40mm reported by the expert reader. The
maximum diameter reported by the expert reader that was missed by the Al tool was 43mm in
the ascending aorta and 36mm in the descending (at the level of the isthmus). The mean
difference in these scans between Al and expert reader was 0.9mm. Additionally, 5/14 of those
with a missed dilated ascending aorta (including both measuring 43mm) would have been
flagged as abnormal based on descending aorta measurements of 230mm. The sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) of the Al tool at

detecting aortic dilatation are presented in Table 3.



Figure 1. Study flowchart for (A) Diagnostic accuracy, (B) repeated measures analysis and (C) clinical impact.

A Diagnostic Accuracy B Test-retest Analysis Cc Clinical Impact
210 dedicated CT aorta angiograms 58 studies (29 same patient pre- 197 non-gated studies
Feb 2018 — Aug 2021 contrastand gated aortic angiograms) April - May 2019 (50 CT thorax, 50
Feb 2019 —July 2021 CTPA, 49 HRCT, 48 CT Aorta)
— Study exclusion (4 patients)s:
—_— a St':fyf e:tclusmns. - 5complete Al analysis failure Study exclusions:
T oevere artela — |- 1 Alprocessed but with random —— |- 1Alfailure for CT thorax imaging
output - 2 Al failure for HRCT imaging
206 studies 50 studies (25 patients) | 194 studies includedin final cohort
Study exclusions: Anatomical level exclusions:
- 10 complete Al analysis failure - 4with AVR
- 1 Alprocessed but with random - 8focal artefact
output - 14inaccurate segmentation
- 14 not analysed by Al
- 6 excluded by reader
765 sl 304 anatomical measurements
studies analysedin final cohort assessed by
both expert reader and Al
Anatomical level exclusions:
- 8 with dissection
- 4 with TAVI / AVR
- 1focal artefact
- 4inaccurate segmentation
- 10not analysed by Al
- 21excluded by reader

1,317 anatomical measurements
analysed in final cohort
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Table 1. Demographics of the three study cohorts.

Patient cohort

Age (mean [s.d.])

Sex (n [%] male)

Diagnostic accuracy (n=210)

Repeat measures (n=30)

Clinical impact

HRCT (n=49)

CT chest (n=50)

CTPA (n=50)

CT aorta (n=48)

75 [+13]

63 [+17]

66 [+13]
67 [+13]
63 [+17]

67 [+15]

127 [60]

20 [67]

25 [51]
31[62]
27 [54]

25 [52]

Table 2. Comparison of expert reader and Al measurements at each thoracic anatomical aortic level analysed

on ECG-gated contrast imaging, assessed against absolute difference (mm), proportionate difference (%) and

the average of each anatomical levels single measurer intra-class correlation coefficient (ICC) with its

associated rating.

Anatomical Absolute Proportionate ICC (95% ClI, p) ICC Rating
location difference difference

(mm; mean [ts.d]) (%; median [IQR])
SoV 2.6 [2.1] 6[3-11] 0.78 (0.67-0.85, p<0.001)  Good
ST) 1.9[1.9] 4[3-38] 0.83 (0.74-0.88, p<0.001) Good
Mid Asc 1.3[1.3] 3[0-6] 0.92 (0.89-0.94, p<0.001) Excellent
Mid Arch 1.7 [1.7] 4[3-8] 0.76 (0.70-0.82, p<0.001) Good
Isthmus 1.7 [1.7] 4[3-8] 0.81 (0.76-0.86, p<0.001) Good
Mid Desc 1.3 [1.4] 4[0- 8] 0.88 (0.78-0.92, p<0.001)  Good
Hiatus 1.4 [1.6] 4[0- 8] 0.81(0.76-0.86, p<0.001)  Good
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Figure 2. Bland-Altman analysis comparing expert reader with Al analysis at each anatomical level for ECG-
gated contrast imaging (SoV = sinus of Valsalva; STJ = sinotubular junction; MidAsc = mid ascending aorta;
MidArch = mid aortic arch; MidDesc = mid descending aorta).
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Table 3. The Al-Rad Companion sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for detecting aortic

dilatation versus expert cardiothoracic reader on ECG-gated contrast and non-ECG-gated non-contrast imaging.

Sensitivity Specificity PPV NPV

ECG-gated contrast Thoracic 77 99 98 86
imaging Aorta (66 — 85%) (95 -100) (90 -100) (80—-90)

Ascending 74 98 96 87

Aorta (62 —84) (94 —100) (87 —99) (82-91)

Descending 68 98 85 94

Aorta (66 —83) (94 -99) (68 —94) (90-96)
Non-ECG-gated Thoracic 100 77 67 100
non-contrast imaging Aorta (63 —100) (50-93) (46 —83) -

Ascending 90 92.3 90 92

Aorta (56 —100) (64.0-99.8) (58 —98) (65-99)

Descending 100 59 50 100

Aorta (59-100) (33-82) (36 —-64) -
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Repeated measures

After exclusions (Figure 1), 25 non-ECG-gated pre-contrast thorax and ECG-gated CT aortogram
acquisitions from the same patient scan had both Al and expert radiologist assessment. 16
(64%) were male, mean age of 61+17 years. Repeated measures assessment by both expert

reader and Al analysis is presented in Table 4.

Diagnostic accuracy was measured on the non-ECG-gated pre-contrast acquisitions, with the
mean absolute difference varying from 1.2 to 4.3mm across all anatomical levels (Table S2). The
ICC between the expert reader and Al assessment were graded as moderate at all locations
except the mid ascending and isthmus where it was graded as good. The Bland-Altman limits of
agreement crossed the pre-set threshold of 5mm at all anatomical levels (Table S2 and Figure
S1). When testing accuracy for the detection of aortic dilatation vs expert reader across the full

thoracic aorta, sensitivity was 100% and specificity 76.5% (Table 3).

Table 4. Comparison of expert reader versus Al reliability as assessed with the intra-class
correlation coefficient (ICC) for repeated measures performance using the single measures

rating, absolute agreement and two-way mixed effects model.

Anatomical Expert Reader Al Analysis

Location ICC (95% ClI, p) Rating ICC (95% Cl, p) Rating
SoV 0.89 (0.71-0.96, p<0.001) Good 0.78 (0.53-0.91, p<0.001) Good

STJ 0.78 (0.57-0.90, p<0.001) Good 0.69 (0.40-0.85, p<0.001) Moderate
Mid Asc 0.96 (0.92-0.98, p<0.001) Excellent 0.88 (0.74-0.95, p<0.001) Good
Mid Arch 0.79 (0.57-0.91, p<0.001) Good 0.74 (0.49-0.88, p<0.001) Moderate
Isthmus 0.87 (0.69-0.94, p<0.001) Good 0.79 (0.58-0.91, p<0.001) Good
Mid Desc 0.84 (0.68-0.93, p<0.001) Good 0.66 (0.35-0.84, p<0.001) Moderate
Hiatus 0.84 (0.66-0.93, p<0.001) Good 0.57 (0.22-0.79, p=0.002) Moderate

14



Clinical impact

Figure 3 presents the potential impact of Al aortic measurement on detecting new thoracic

aorta dilatation on scans reported by non-expert cardiothoracic readers, sub-divided by

acquisition type, with Al success rate. Across all scans successfully analysed, the Al tool newly

identified aortic dilatation in 53 (27%) patients where it was not previously documented in the

baseline clinical report or electronic patient records (X? 51, p<0.001; Figure 4). This includes

dilatation of up to 47mm in the ascending aorta and 37mm in the descending aorta in patients

without a known aneurysm.

Figure 3. Detection of new aortic dilatation via Al analysis of non-ECG gated chest CT imaging

sent for Al analysis sub-divided by acquisition type.
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Figure 4. Detection of new aortic dilatation with Al analysis vs known aortic aneurysm or
routine clinical reports by non-expert readers of non-dedicated aorta thoracic imaging.

Al Analysis
n=194 Aortic dilatation Normal
Known or Aortic 12 0
Clinically dilatation
Reported
Aortic
Dilatation Normal 53 129

Figure 5: Example analyses of expert reader and Al aortic measurements, including (A) ECG-
gated CT aorta (coronal plane), (B) measured manually in double oblique view with Syngo.Via
(Siemens Healthineers), (C) mediastinal window of a high-resolution CT chest (HRCT), with (D)
and (E) Al analysis and report of aorta assessment of HRCT in (C).
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Discussion

This is the first study to compare expert cardiothoracic readers with an Al software
segmentation of the aorta for accuracy and potential clinical impact in a UK population and
across all chest CT imaging. Its accuracy varied across anatomical levels, however it
demonstrates that the Siemens Al-Rad Companion Chest CT segmentation software has the
potential to newly identify a dilated aorta on routine thoracic imaging with a high degree of

specificity (99.1% on a per-patient basis) but with sub-optimal sensitivity (76.5%).

The measurements from the Al performed modestly against expert manual segmentation
(imaging example of output provided in Figure 5). Comparative measurements between Al and
expert reader for the thoracic aorta demonstrated good to excellent interclass correlation
(Table 2). On ECG-gated contrast imaging mean absolute differences in Al measurements vs
expert reader varyied from 1.3mm at the mid ascending and descending aorta to 2.6mm at the
SoV. The SoV also had the largest mean measurement variation from the use of Al-Rad
Companion Chest CT in other studies. An example includes mean deviations at the SoV of up to
4.7mm when compared against manual radiologist measurements reported by Rueckel et al.
[22]. Further, when radiology reporters were given the option to correct the Al anatomical level
by Rueckel et al., 50% of the Al measurements at the SoV were manually adjusted. This
compares with 34% of all measurements manually adjusted across other anatomical levels,
suggesting a systematic Al error in the assessment of the SoV. Rueckel et al. propose that the
poorer analysis at the SoV is due to the geometrically complex shape of the proximal aorta,
which can change with respiration, blood pressure and the bio-elasticity of the aorta[22]. This
has been considered in other research outlining the difficulty in measuring the thoracic aorta,

which considered the SoV a difficult measurement level due to its asymmetric structure[23].

Monti et al. demonstrated no significant difference in manual and automatic (Siemens, Al-Rad
Companion Chest CT) maximum aortic diameter measurements[14]. However, they found a
negative bias in automatic measurements of —1.5mm with a coefficient of reproducibility of
8mm concordance between Al and manual measurements[14]. In addition, Monti et al. and

Pradella report lower accuracy at the SoV attributed to the aortic centreline not being

17



perpendicular to the aortic origin with a subsequently tilted measurement plane[14, 15]. This is
consistent with the geometrical complexities considered by Quaint and Rueckel[22, 23]. This
may explain the disproportionate number of cases measured at 240mm missed by the Al at the
SoV when compared to manual reporting (10/14 [71%)] of all dilated ascending aortas missed).
These 14 patients represent the 7% of scans where the Al tool would have missed a dilated
ascending aorta defined by a 240mm threshold. Pradella et al. found similar results for Al
misclassified aneurysms at 8.5%, though this is unclear if aneurysms were over- or under-
reported[15]. In our study the mean difference in Al report vs expert reader was low (0.9mm),
whilst in 6/14 (43%) cases missed by the Al tool the maximum diameter reported by the expert
reader was at the pre-defined level for dilated (40mm). Additionally, 5/14 (36%) would have
been highlighted as abnormal by the Al tool based on descending aorta measurements of
>30mm. The maximum diameter missed in the ascending aorta for the diagnostic accuracy
cohort was 43mm and in both of these cases would again have been flagged to the reporter

based on a dilated descending aorta.

We demonstrate that the Al was most accurate in ECG-gated contrast imaging at the mid-
ascending level. We found that the Al performed better in the ascending aorta over the
descending. This is reflected in a study by Macruz et al. which reports an ICC greater than 0.8

for the ascending aorta and 0.7 for the descending[24].

Absolute differences of up to 2.6mm were observed in our study across all anatomical levels on
ECG-gated contrast CTs. It has been argued that CT measured increases of up to 4mm may not
always represent pathological dilation of the aorta. Discrepancies may result from multiple
factors affecting measurement such as image resolution, type of cursor, inclusion of the aortic
wall on non-contrast studies and motion artefact[25, 26]. These will all lead to inter-scan, inter-
observer and intra-observer variability. Quint et al. reviewed variability between manual
segmentation using double oblique views and though there were mean differences of no more
than 1.3mm at each segmentation level, the 95% confidence interval was up to 5.1mm [23].
Frazao et al. found CT and MRI provide larger estimates of aortic root measurements when

compared to transthoracic echocardiography assessment (mean difference 4.9+2.7mm)[27].
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However, for ECG-gated contrast studies the Al tool crossed the pre-defined maximum
acceptable limits of agreement (>5mm) at the SoV and STJ. In non-ECG-gated non-contrast
studies it crossed this threshold at all levels, though interpretation of this finding is limited by
sample size. On this basis, this tool would be considered insufficiently accurate for use in
routine surveillance imaging to track progressive change in known aortic dilatation. In such
cases subtle increases in size may impact major clinical management decisions. There is of
course also a sliding scale in severity of dilatation, as evidenced by the mortality rate that rises
with increasing dilatation. This is represented by the diagnostic overlap of diameter thresholds,
e.g. 40mm for a ‘dilated’ mid ascending aorta vs 50mm for it to be considered ‘aneurysmal’ at

the same anatomical location.

It could be argued though that failure to meet the limits of agreement for accuracy at all
anatomical levels may be interpreted in a wider context. For example, the tool may still address
the proposed goal of identifying unknown dilated aortas on a per-patient basis on routine non-
dedicated aorta chest CTs reported by non-expert readers. To this end, the Al tool’s specificity
and sensitivity would suggest it may provide a simple and pragmatic way to deliver this.
Automated assessment of the thoracic aorta across all chest imaging may identify a significant
proportion of patients (27% in our population) with previously undiagnosed aortic dilatation.
This is a patient group where the aorta is typically not routinely assessed in detail or reported
by non-cardiothoracic radiologists. Measuring the aorta accurately takes a considerable amount
of time using specific software to achieve double oblique views. As such, it demonstrates the
role software may have in screening for thoracic aortic aneurysms in routine CT chest imaging,

whilst not necessarily being sufficiently accurate for subsequent surveillance imaging.

Al not only highlights the shortcomings in manual reporting of routine chest CT studies, but
offers a solution to the outlay in reporting time it would require. The incidence of aortic
aneurysm is considered to be underreported due to the indolent nature of the disease. Our
findings may be relevant in both demonstrating the opportunity to newly diagnose a proportion
of patients with a dilated aorta, treat patients before potentially fatal complications, and to
better assess its prevalence within the population. This includes the identification of a

population at increased risk of other future MACE[2], likely due to shared cardiovascular risk
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factors and may enable more aggressive, targeted primary prevention. This surreptitious
screening from data already acquired for other purposes may have different cost implications
versus a dedicated screening programme. Whether its use in this fashion translates into
improved clinical outcomes or cost-effectiveness requires further investigation. This would
need to ensure it factored in both the Al failure rate and requirement for a semi-automated QA
assessment of the of Al output by the reporting radiologist. If this iteration were introduced
into clinical practice, it may be appropriate to manually review scans with an ascending aorta

measurement of 35-40mm to ensure normality.

Our identification of 27% of patients with new aortic dilatation is comparable with others.
Monti et al. found 31% of their scans showing aneurysms, though the exact mix of
heterogeneous scans (ECG-gated aorta vs non-ECG gated) is not outlined. Given the low
number of their scans (29%) that demonstrated no pathology, their findings do not reflect the
expected diagnosis rate of new disease in screening chest CT and raises the question of a higher
pre-test probability in their cohort[14]. Similarly, Artzener et al. demonstrated 20.5% of
patients with a dilated aorta, though their cohort contained only 50% random CT chest

acquisitions with the other 50 selected for aortopathy and mediastinal pathology[21].

It is important to note that the moderate sensitivity on contrast imaging does highlight the
potential to miss patients with a dilated aorta if relying solely on Al performance. In our cohort
this would miss a thoracic aorta of no larger than 43mm, which occurred in two patients, both
of whom would have been flagged by the Al report for a descending aorta of >30mm.
Importantly, the detection rate for new diagnosis of a dilated aorta was significantly higher than
that of the manual report by non-expert readers. The high specificity of the tool also highlights
appropriate resource utilisation as there is a low likelihood of subsequent surveillance imaging

being unnecessary based on an error in the baseline Al report.

The Al software successfully returned a reading at 21 anatomical level in 96.8% of our scans,
though full reports were present in 89%. The success rate of the Al’s segmentation in our study
is representative of its performance in the wider literature. Pradella et al. found that automatic

software (Chest Al, version 0.2.9.2, Siemens Healthineers, Germany) returned a result in 94% of
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all measurements in a study with 405 ECG-gated CT aorta studies[15], and Artzener et al.
returned results in 99.2% of scan parameters [21]. 250 CT examinations underwent Siemens Al-
Rad Companion Chest CT software analysis by Monti et al. with 93% of scans adequate for
analysis and successful transfer. Monti et al. found that the software performed poorly with
pathological aortas. In particular this included dissection[14], which were excluded in our
analysis. Artzener et al. included aortic dissections within their cohort of patients and found the
true lumen was only measured if the false lumen was thrombosed, otherwise the true and false

lumen would be measured as a single diameter[21]

The exclusion of imaging with significant artefact in our study may provide an over-estimation
of diagnostic accuracy performance. However, artefact also limits manual reporting and as such
may be considered a non-diagnostic scan. Additionally, many Al tools currently embedded into
clinical practice require a degree of manual QA in combination with Al outputs to reduce the
potential for inaccurate reporting. How the relationship between Al and manual reporting

differs over severity of artefact would be grounds for further research.

An interpretation of Al tool reliability was assessed across a pre- and post-contrast acquisition
taken during the same patient study. The Al tool was not as reliable as the expert reader, with
lower ICC ratings. The expert reader was more reliable at all anatomical landmarks apart from
matching the Al at the SoV and isthmus. As discussed above, the comparison of images with
and without contrast may lead to the inclusion of the aorta wall on non-contrast scans but not
in contrast scans[26]. Expert readers may provide a better judgement over the Al of measuring

to the aorta wall.

Other studies have assessed the reproducibility of automated thoracic segmentation software.
Though Pradella et al. achieved near perfect reproducibility, their method for assessment was
to send a single phase through the Al software twice[15]. This may not truly represent the
reproducibility of an Al tool. We approached this evaluation in an alternative fashion in our
study with separate contrast and non-contrast sequences of the same aorta study sent for Al
segmentation. Whilst the ICC in our study is lower and analysed from a smaller patient cohort

of 25 patients (50 studies), it likely reflects variation in the approach taken to testing
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reproducibility of the software. However, it is important to recognise the limitations of our
approach to reproducibility analysis. Our approach compared a non-ECG-gated with an ECG-
gated acquisition. As a result it would be reasonable to expect some variation in measurements
based on changes in aortic dimension throughout the cardiac cycle. Ideally patients would have
undergone sequential ECG-gated acquisitions getting on and off the scanner between each scan
to enable true test-retest analysis. However, in the context of our retrospective validation study
that attempted to use routinely acquired clinical imaging this provided as close as we could

achieve to a meaningful assessment of repeated measures testing.

This study was limited by its retrospective and single-centre design, though this was off-set to
some degree by the use of consecutive imaging acquired. Further limitations include the
statistical analysis being undertaken unblinded to imaging and the sample size of the repeated
measures and diagnostic accuracy in non-ECG-gated non-contrast imaging cohort was low.
Further, in our repeated measures analysis the manual reporting of the sequential ECG-gated
non-contrast and contrast CT Aorta acquisitions was completed by a single reader. This may
lead to observer bias, though a period of >4 weeks elapsed between reporting the non-contrast
and contrast scans and was performed blinded to the baseline measurements to minimise this

effect.

The exclusion of aortas with dissection or prior valve surgery may partially limit the
hypothetical benefit of our findings to the opportunistic screening of all patients. Further
research evaluating the Al tool in these patients would be required to evaluate the Al for its
role in monitoring patients post intervention, having been beyond the scope of this study.
Additionally, the Al tool was analysed in CTs acquired using a single vendor (Siemens) and may

require validation using other CT systems to ensure the generalisability of our findings.

Conclusions

In conclusion, Al was feasible in the majority of scans and had good agreement with exception
of the root. The high specificity for detecting aortic dilatation suggests the tool may have a role
in opportunistic screening for aortic dilatation in CT chests performed for other clinical
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indications. Further work is require to determine if the tool’s sensitivity is acceptable in a cost-

effective analysis.
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Figure legends

Table 1. Demographics of the three study cohorts.

Table 2. Comparison of expert reader and Al measurements at each thoracic anatomical aortic

level analysed on ECG-gated contrast imaging, assessed against absolute difference (mm),
proportionate difference (%) and the average of each anatomical levels single measurer intra-
class correlation coefficient (ICC) with its associated rating.

Table 3. The Al-Rad Companion sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for detecting aortic dilatation versus expert cardiothoracic
reader on ECG-gated contrast and non-ECG-gated non-contrast imaging.

Table 4. Comparison of expert reader versus Al reliability as assessed with the intra-class
correlation coefficient (ICC) for repeated measures performance using the single measures
rating, absolute agreement and two-way mixed effects model.

26



