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ARVA 
Development of an artificial intelligence 

software for automation of aortic
measurements

Max transverse 
diameter remains
the reference for 
aortic aneurysms

Aorta measurement requires expertise, time, 
and is subject to variability

time consuming task
W ith sem-manual tools, segmenting the lumen of the aorta only

High intra & inter-operator varibility
complex measurements

More and more patients…
… long follow-up
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§ More complex cases

§ Is there a way to detect abnormalities earlier during follow-up? 
volume versus diameter analysis is promising but not applicable in clinical routine *
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The Power of Deep Learning

Deep Learning
allows to overcome these limits

Segmentation techniques using thresholding are 
not capable of segmenting the thrombus or the 

flase lumen of dissected aortas

1200 aortas (pre/post 

operative, thoracic, 

abdominal, dissections, 

etc.)  have been manually

contoured to train the 

ARVA segmentation 

model
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A complex pipeline
Chain several IA algorithms up to the measurements

localization segmentation Central 
line Segments definition

Diamètre and volume 
measurement per segment
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ARVA report

Longitudinal follow-up

Overlay series

Report: diameters & volumes

Current
scan Automatic retrieval

up to 2 prior exams

N – 1

N - X

Patient follow-up with volumes
A metric more sensitive than diameter alone ?
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Longitudinal follow-up of volumesLongitudinal follow-up of diameters

A CE marked product & 
clinically validated
• Broda, Magdalena et al. The benefit of automated sac volume measurements in 

postoperative endovascular aortic repair surveillance. JVS, 2024

• Postiglione TJ, et al. Multicentric Clinical Evaluation of a Computed Tomography
based Fully automated Deep Neural Network for Aortic Maximum Diameter and
Volumetric Measurements. JVS. 2024

• Wegner M, et al. Artificial Intelligence-Assisted Sac Diameter Assessment for 
Complex Endovascular Aortic Repair. J Endovasc Ther. 2023

• Adam C, et al. Pre-surgical and post-surgical aortic aneurysm maximum diameter
measurement: Full automation by artificial intelligence. EJVES. 2021

• Large datasets for validation (up
to 350 CTA scans) with complex
anatomies & various treatments

• 6 experts for ground truthing, 
13 clinicians for annotations in 
validation studies

• Median absolute error of 1.2mm

• volume similarity* with ground
truth 93% - 95% in the main
trunk and 88% in the iliac 
arteries

Key points
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* Volume sim ilarity corresponds to the ratio of volume 
differences over the average volume. This metric ranges
from 0 to 100% , the clser to 100% the better
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WHAT THIS PAPER ADDS
A fully automated solution has been developed with an artificial intelligence (AI) start up company providing
automatic cross sectional outer to outer wall aortic measurements along the entire aorta, from the ascending
aorta to the iliac arteries. This AI solution has been proven to be accurate and will provide automatic monitoring
of all segments of the aorta before and after treatment.

Objective: The aim of this study was to evaluate an automatic, deep learning based method (Augmented
Radiology for Vascular Aneurysm [ARVA]), to detect and assess maximum aortic diameter, providing cross
sectional outer to outer aortic wall measurements.
Methods: Accurate external aortic wall diameter measurement is performed along the entire aorta, from the
ascending aorta to the iliac bifurcations, on both pre- and post-operative contrast enhanced computed
tomography angiography (CTA) scans. A training database of 489 CTAs was used to train a pipeline of neural
networks for automatic external aortic wall measurements. Another database of 62 CTAs, including controls,
aneurysmal aortas, and aortic dissections scanned before and/or after endovascular or open repair, was used
for validation. The measurements of maximum external aortic wall diameter made by ARVA were compared
with those of seven clinicians on this validation dataset.
Results: The median absolute difference with respect to expert’s measurements ranged from 1 mm to 2 mm
among all annotators, while ARVA reported a median absolute difference of 1.2 mm.
Conclusion: The performance of the automatic maximum aortic diameter method falls within the interannotator
variability, making it a potentially reliable solution for assisting clinical practice.

Keywords: Aortic aneurysm, Automatic measurements, Deep learning, Outer to outer wall diameters, Pre-operative/post-operative CT scans
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INTRODUCTION

The prevalence of abdominal aortic aneurysm (AAA) is 4 e
8% in screening studies,1 affecting predominantly men > 60
years of age. AAA rupture occurs in 1% e 3% of men aged
> 65 with an associated mortality rate of > 70% and up to
90% if rupture occurs outside of the hospital. AAA results in
15 000 deaths annually in the USA.2

According to current recommendations, the surgical de-
cision to treat an aortic aneurysm to prevent rupture is
based on its maximum external diameter and its evolution
over time, as measured on ultrasound or computed to-
mography (CT) images. Beyond 55 mm in diameter and /or

beyond a 10 mm increase over a 12 month period, aortic
repair is recommended to prevent rupture.3 Thus, accurate
aortic diameter measurements are key. These repeated
measures can be challenging and are time consuming
because of tortuous aortic anatomy, especially in elongated
aneurysmal aortas. The currently available three dimen-
sional workstations provide several tools to facilitate aortic
anatomy analysis, such as semi-automatic segmentations of
the aorta and drawing of its central lumen line. They are
accurate for contrast enhanced lumen diameter measure-
ments but are unable to measure the outer to outer wall
diameter because of the thrombus filling the aortic lumen;
this inner lumen automatic diameter measurement is of
limited use as only outer to outer wall diameters are rele-
vant in clinical practice.

Therefore, there is a need to develop new tools for
automatic and standardised maximum external diameter
measurement all along the aorta. Fortunately, algorithmic
methods and computing power have positively evolved,
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ABSTRACT
Objective: This study aims to evaluate a fully automatic deep learning-based method (augmented radiology for vascular
aneurysm [ARVA]) for aortic segmentation and simultaneous diameter and volume measurements.

Methods: A clinical validation dataset was constructed from preoperative and postoperative aortic computed tomog-
raphy angiography (CTA) scans for assessing these functions. The dataset totaled 350 computed tomography angiog-
raphy scans from 216 patients treated at two different hospitals. ARVA’s ability to segment the aorta into seven
morphologically based aortic segments and measure maximum outer-to-outer wall transverse diameters and compute
volumes for each was compared with the measurements of six experts (ground truth) and thirteen clinicians.

Results: Ground truth (experts’) measurements of diameters and volumes were manually performed for all aortic seg-
ments. The median absolute diameter difference between ground truth and ARVA was 1.6 mm (95% confidence interval
[CI], 1.5-1.7; and 1.6 mm [95% CI, 1.6-1.7]) between ground truth and clinicians. ARVA produced measurements within the
clinical acceptable range with a proportion of 85.5% (95% CI, 83.5-86.3) compared with the clinicians’ 86.0% (95% CI, 83.9-
86.0). The median volume similarity error ranged from 0.93 to 0.95 in the main trunk and achieved 0.88 in the iliac
arteries.

Conclusions: This study demonstrates the reliability of a fully automated artificial intelligence-driven solution capable of
quick aortic segmentation and analysis of both diameter and volume for each segment. (J Vasc Surg 2024;-:1-11.)

Keywords: Aortic aneurysm; Aortic diameter; Aortic volume; Automatic measurements; Deep learning; Segmentation

High-quality aortic aneurysm imaging is instrumental
for accurate assessment and clinical decision-making.1

Although computed tomography angiography (CTA)
with dedicated workstations affords three-
dimensional (3D) assessment of the aorta, it demands

expertise and precise manual analysis that is labor
intensive and time consuming,2 often complicated by
intricate aortic anatomy.2 Consequently, physicians’
diameter measurements may significantly deviate
from the clinically acceptable error range (65 mm).2

Although the maximum aortic diameter remains the
gold standard, Liljeqvist et al3 found that longitudinal
monitoring of aneurysmal volume better predicted
growth rate and correlated more strongly with rupture
risk than diameter alone. White et al4 demonstrated
that 3D reconstruction and volumetric analysis could
facilitate morphological assessment and establish early
intervention criteria for aortic aneurysms. Such analyses
could detect localized growth at levels other than
maximum diameter.5 Currently available 3D worksta-
tions only provide semiautomatic contrast-enhanced
lumen segmentation; 3D volumetry analysis remain too
intricate for routine clinical use.4,6

Our previous study introduced an advanced, fully auto-
mated artificial intelligence (AI) solution (augmented
radiology for vascular aneurysm [ARVA], Incepto Medical,
Paris, France) that provides accurate maximum cross-
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Introduction
Accurate measurement of the aortic sac diameter is manda-
tory for aneurysm diagnosis, interval surveillance, and treat-
ment decision-making. Computed tomography angiography 
(CTA) is recommended for preoperative and postoperative 
imaging of aortic pathologies, especially after complex 

endovascular procedures, including fenestrated (FEVAR) and 
branched (BEVAR) endovascular repairs.1,2 Technical pitfalls 
and sac behavior can be evaluated with high sensitivity and 
specificity, potentially leading to secondary procedures.3

However, CTA diameter measurements performed with mul-
tiplanar reconstruction (MPR) and curved planar reformatting 
(CPR), are prone to variability due to physician’s 
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Abstract
Purpose: Artificial intelligence (AI) using an automated, deep learning–based method, Augmented Radiology for Vascular 
Aneurysm (ARVA), has been verified as a viable aide in aneurysm morphology assessment. The aim of this study was to 
evaluate the accuracy of ARVA when analyzing preoperative and postoperative computed tomography angiography (CTA) 
in patients managed with fenestrated endovascular repair (FEVAR) for complex aortic aneurysms (cAAs). Materials and 
Methods: Preoperative and postoperative CTAs from 50 patients (n=100 CTAs) who underwent FEVAR for cAAs were 
extracted from the picture archiving and communication system (PACS) of a single aortic center equipped with ARVA. 
All studies underwent automated AI aneurysm morphology assessment by ARVA. Appropriate identification of the outer 
wall of the aorta was verified by manual review of the AI-generated overlays for each patient. Maximum outer-wall aortic 
diameters were measured by 2 clinicians using multiplanar reconstruction (MPR) and curved planar reformatting (CPR), and 
among studies where the aortic wall was appropriately identified by ARVA, they were compared with ARVA automated 
measurements. Results: Identification of the outer wall of the aorta was accurate in 89% of CTA studies. Among these, 
diameter measurements by ARVA were comparable to clinician measurements by MPR or CPR, with a median absolute 
difference of 2.4 mm on the preoperative CTAs and 1.6 mm on the postoperative CTAs. Of note, no significant difference 
was detected between clinician measurements using MPR or CPR on preoperative and postoperative scans (range 0.5–0.9 
mm). Conclusion: For patients with cAAs managed with FEVAR, ARVA provides accurate preoperative and postoperative 
assessment of aortic diameter in 89% of studies. This technology may provide an opportunity to automate cAA morphology 
assessment in most cases where time-intensive, manual clinician measurements are currently required.

Clinical Impact
In this retrospective analysis of preoperative and postoperative imaging from 50 patients managed with FEVAR, AI 
provided accurate aortic diameter measurements in 89% of the CTAs reviewed, despite the complexity of the aortic 
anatomies, and in post-operative CTAs despite metal artifact from stent grafts, markers and embolization materials. 
Outliers with imprecise automated aortic overlays were easily identified by scrolling through the axial AI-generated 
segmentation MPR cuts of the entire aorta.This study supports the notion that such emerging AI technologies can 
improve efficiency of routine clinician workflows while maintaining excellent measurement accuracy when analyzing 
complex aortic anatomies by CTA.

Keywords
artificial intelligence, imaging, fenestrated endovascular aortic repair, complex aortic repair, machine learning, patient 
outcome prediction
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and the maximum aortic diameter represents the maximum 
of the measurements at each point (Figure 2).9

An automated ARVA report estimating the maximum 
aortic diameter is automatically generated for each study 
and subsequently inserted into our institutional PACS. The 
report also includes a scrollable image file for review of the 
segmentation of the aorta generated for each CTA image 
slice. As this segmentation cannot be edited, the first step 
was to scroll through this file’s images to check its accu-
racy. If the ARVA assessment of the aortic wall margins was 
deemed accurate after scrolling through the ARVA-
generated report, the diameter measurements were inserted 
into the study database (group 1). Maximum cross-sectional 
aortic diameter measurements provided by ARVA were then 

compared to the clinician MPR and CPR measurements. In 
cases where significant measurement variability was 
detected, defined as >5 mm between clinicians or between 
ARVA output and clinician, a repeat evaluation was per-
formed by both clinicians. When the ARVA assessment of 
the aortic wall margins was deemed inaccurate, it was 
labeled as ARVA outliers (group 2).

Intra- and Inter-annotator Variability
For the first 10 patients, both clinician-annotators measured 
the maximum aortic diameter at selected aortic segments 
using MPR and CPR on preoperative and postoperative scans 
twice, blinded to their first measurement and with a time 

Figure 1. Examples of multiplanar reconstruction (left) and curved planar reformatting (right) for maximum aneurysm diameter 
assessment.
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interval of 2 weeks. The intraobserver variability was 
assessed using the repeated MPR and CPR measurements of 
these scans. Regarding the interobserver variability, the max-
imum aortic diameter was measured as described earlier by 

both clinician-annotators, using initially MPR and then CPR 
once with the centerline placed in the left iliac axis (CPR left) 
and once with the centerline placed in the right iliac axis 
(CPR right). These three measurements were performed on 

Figure 2. Examples of accurate measurements performed by Augmented Radiology for Vascular Aneurysm (ARVA) on a (A) 
presurgical computed tomography angiography (CTA) and on a (B) postsurgical CTA. Dmax, maximum cross-sectional diameter 
localization on automated segmentation.
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Volume versus Diameter
for Follow Up

Study Protocol
100 patients

• Pre & post op, and 2-year CTA 
• 50 EVAR
• 50 FEVAR

Goal
• Compare diameter and volume measurements

for patient follow up

Dmax S5 = 65mm
V S5 = 164mL

Dmax S5 =62mm
V S5 = 146mL

Pre Op
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The ARVA solution

AI solution for automatic volumetric analysis 
and measurements of the aorta, for aneurysm 
monitoring and follow-up, integrated directly 
into your existing infrastructure and work 
environment

Save time

Fully automatic 
workflow, including 
fetching of previous 

exams

Standardize

AI based max 
transverse 

diameter & volume 
for each aortic 

segment

Structure 

Structured report 
integrated back 
into the patient 

folder

CONCLUSIONS

• Swift workflow (outliers)

• Time consuming task no more required in most cases (89%)

• Benefit of Volume follow-up?




