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Abstract: This multicenter retrospective study evaluated the diagnostic performance of a deep learn-
ing (DL)-based application for detecting, classifying, and highlighting suspected aortic dissections
(ADs) on chest and thoraco-abdominal CT angiography (CTA) scans. CTA scans from over 200 U.S.
and European cities acquired on 52 scanner models from six manufacturers were retrospectively
collected and processed by CINA-CHEST (AD) (Avicenna.Al, La Ciotat, France) device. The diag-
nostic performance of the device was compared with the ground truth established by the majority
agreement of three U.S. board-certified radiologists. Furthermore, the DL algorithm’s time to noti-
fication was evaluated to demonstrate clinical effectiveness. The study included 1303 CTAs (mean
age 58.8 £ 16.4 years old, 46.7% male, 10.5% positive). The device demonstrated a sensitivity of
94.2% [95% CI: 88.8-97.5%] and a specificity of 97.3% [95% CI: 96.2-98.1%]. The application classified
positive cases by the AD type with an accuracy of 99.5% [95% CI: 98.9-99.8%] for type A and 97.5
[95% CI: 96.4-98.3%] for type B. The application did not miss any type A cases. The device flagged
32 cases incorrectly, primarily due to acquisition artefacts and aortic pathologies mimicking AD. The
mean time to process and notify of potential AD cases was 27.9 + 8.7 s. This deep learning-based
application demonstrated a strong performance in detecting and classifying aortic dissection cases,
potentially enabling faster triage of these urgent cases in clinical settings.

Keywords: deep learning; medical and biomedical image processing; aortic dissection; Al-based
solution for radiology; machine learning diagnostic performance; medical imaging automated analysis;
emergency radiology

1. Introduction

Acute aortic syndrome (AAS) represents a spectrum of pathological conditions affect-
ing the thoracic and abdominal aorta. Their prevalence ranges from 0.2% to 0.8%, equating
to approximately 2.6-3.5 cases per 100,000 individuals in the general population, with
a predilection towards males [1,2]. Aortic dissection (AD) constitutes the predominant
subtype within the range of AAS, accounting for 85-95% of cases [3]. AD arises from a
tear in the aorta’s intimal and medial layers, facilitating blood ingress into the aortic wall
and the formation of a secondary circulating pathway within the aorta known as the false
lumen [4]. This condition presents as a critical, life-threatening emergency, with mortality
rates increasing by approximately 1-2% per hour within the initial 48 h [1]. In cases where
prompt surgical intervention is not undertaken, the mortality rate escalates to 58% [5].
Therefore, expedited diagnosis is pivotal for effective patient management [6].
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In response to the severity of AD, the Stanford classification system was developed,
distinguishing between type A and type B dissections. Type A primarily involves the
ascending aorta, whereas type B is limited to the descending aorta distal to the left subcla-
vian artery [1,2,4]. Type A AD demands urgent surgical intervention to mitigate the risk
of life-threatening complications. Conversely, type B AD can often be managed conser-
vatively through pharmacological means, particularly focusing on hypertension control,
although close monitoring and potential intervention remain essential for optimal patient
outcomes [1,2].

The clinical presentation of aortic dissection exhibits a lack of specificity, which can
result in symptoms resembling those of various other medical conditions. This diagnostic
ambiguity poses a significant challenge in the accurate identification of aortic dissection,
as its manifestations overlap with a diverse range of diagnoses [5]. Misdiagnosis of AD
significantly impacts patient survival. Approximately 25% of AD patients receive inap-
propriate antithrombotic treatment due to initial misdiagnosis, resulting in an almost 50%
increase in long-term mortality [7]. Additionally, misdiagnosed patients experience a pro-
longed interval from symptom onset to surgery (8.6 h) compared to correctly diagnosed
patients (5.5 h), further elevating their mortality risk [8]. A systematic literature review
demonstrated an AD misdiagnosis rate of 33.8%, indicating that one-third of patients face
increased mortality risk solely due to diagnostic inaccuracies [9]. Hence, ensuring accurate
diagnostics and AD type classification is imperative for providing appropriate treatment.
Importantly, the utilization of prompt and appropriate imaging techniques is associated
with enhanced diagnostic accuracy [9].

In recent years, CTA has emerged as the gold standard for assessing aortic dissection,
owing to its exceptional precision and effectiveness in identifying this condition [2,3,10].
Despite the high sensitivity and specificity exhibited by CT diagnostics in detecting aor-
tic dissection (AD), the escalating demands within the emergency environment and the
onset of fatigue among radiologists could potentially elevate the error rates and prolong
the time required for AD diagnosis. Thus, deep learning (DL) tools for AD detection
and prioritization have been shown to expedite the evaluation process for radiologists,
consequently reducing the time required for clinical decision making [6]. The current
investigation sought to scrutinize the efficacy and applicability of a recently introduced and
commercially available DL-based tool for AD case prioritization. Specifically, the objectives
of the study encompassed an evaluation of the diagnostic accuracy of the evaluated device,
its capacity for the detection of aortic dissection types, and its potential to reduce the
notification time of AD occurrences. This study aims to contribute valuable insights into
the utility of DL technologies in enhancing the efficiency and precision of AD diagnosis
and clinical patient management.

2. Materials and Methods
2.1. DL-Powered Algorithm for AD Detection: Architecture and Training

A commercially available application for AD (FDA approved and CE marked), CINA-
CHEST v1.0.2, was provided by Avicenna.Al (La Ciotat, France). In the development of
the AD DL-powered application, a two-stage approach was employed. The first algorithm
was utilized for the segmentation of the aorta, while the second algorithm was employed
for the localization of the AD within it, specifically focusing on the visible intimal flap
between the true and false lumens. This methodology was selected due to its effectiveness
in maximizing the detection of AD in anatomically consistent regions. Both algorithms were
based on convolutional neural networks (CNNs). A hybrid 3D/2D U-Net variant, known
for its robust performance in 2D and 3D segmentation tasks and previously published by
Chang et al. [11], was used.

Regarding the ground truth used to train the algorithms, the segmentation of the
aorta, encompassing both the true and false lumens while excluding necrosis or intramural
hematoma, was performed per slice by two expert radiologists. Per slice segmentation
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of the visible intimal flap between the false and true lumens was conducted, so that the
algorithm could target the localization of the AD.

The training dataset consisted of 649 3D CTA studies sourced from 40 different scanner
models, representing various manufacturers (55% GE, 20% Siemens, 10% Philips, and
15% Canon), spanning from January 2019 to December 2022. Of these studies, 25% con-
stituted positive cases of aortic dissection, categorized as type A or type B according to
the Stanford classification. The age distribution among positive cases was as follows: 8%
in the (18-40) age range, 56% in the (41-70) age bracket, and 36% over 70 years old. The
cases with confounding conditions, such as thoracic or abdominal aneurysms, intramural
hematoma, calcifications, and post-surgery instances (e.g., presence of stents), were sought
out to enrich the training dataset.

2.2. Data Selection

The retrospective and observational CTA data acquisition for this study spanned from
July 2017 to March 2022 and was conducted using multiple clinical sources. All data were
anonymized and supplied by two teleradiology networks located in the USA and France,
comprising more than 200 cities and 6 CT makers. The data were acquired on 52 different
scanner models. Among the received data, CTA cases were consecutively preselected
according to the recommended requirements (Table 1). The final dataset consisted of 1303
cases.

Table 1. CINA-CHEST (AD) inclusion and exclusion criteria.

The Inclusion Criteria for CINA-CHEST (AD)

Chest or thoraco-abdominal CTA scans
Age >18y/o
Matrix size > 512 x 512 (rectangular matrix accepted)
Axial acquisition only
Slice thickness < 3 mm with no gap between successive slices
Radiation dose parameters: 60 kVp to 160 kVp
Reconstruction diameter above 200 mm
Density threshold in the aorta > 140 HU
Soft tissue reconstruction kernel
Field of view including the aortic arch and thoracic aorta

The Exclusion Criteria for CINA-CHEST (AD)

Parameters not compatible with acquisition protocol
Thoracic aorta out of the field of view
Significant motion artefacts (uninterpretable images)
Significant streak artefacts (uninterpretable images)
Significant noise (uninterpretable images)

Bad bolus timing (uninterpretable images)

2.3. Ethical Considerations for Data

In this study, we adhered to stringent data ethics and privacy standards. All data
utilized for algorithm training and analysis were anonymized and provided by two telera-
diology companies based in the United States and France. The U.S. data were de-identified
directly by the teleradiology company in accordance with the HIPAA Privacy Rule, specifi-
cally 45 CFR § 164.514(e) [12], before being transferred to Avicenna.Al. Additionally, per
45 CFR § 46.101 [13], data where individual subjects could not be identified were exempted
from institutional review board (IRB) approval. This exemption was granted based on the
criterion that the data posed no risk of identifying individual subjects, thereby supporting
our commitment to conducting ethically sound and compliant research.

The European data were de-identified through a provider equipped with an ad-
vanced de-identification system, compliant with the General Data Protection Regulation
(GDPR) (EU) 2016/679 [14], which outlines the requirements for lawful processing and
the protection of personal data. This ensured that all data were rendered non-identifiable,
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maintaining strict confidentiality and privacy. Informed consent was waived when it was
deemed necessary, following national legislation and institutional protocols, before the
data were transferred to Avicenna.Al

2.4. The Ground Truth

Two U.S. board-certified expert radiologists with 7 and 6 years of experience in ra-
diology clinical practice independently visually annotated chest and thoraco-abdominal
CTAs and determined the cases with suspected ADs. For positive cases, the experts de-
fined the AD type according to the Stanford classification (type A or type B). A third U.S.
board-certified expert radiologist with 8 years of experience in clinical radiology practice
settled any disagreements. A third U.S. board-certified expert radiologist with 8 years of
experience in radiology clinical practice settled any disagreements. The presence or absence
of AD and AD classification by type were determined by majority agreement. Hyperacute,
acute, subacute, or chronic ADs were all considered positive. The radiologists also reported
the observed confounding factors such as thoracic or abdominal aneurysms, intramural
hematoma, calcifications, and post-surgery instances (e.g., presence of stents).

2.5. Data Processing

The next step entailed processing the same anonymized dataset using the CINA-
CHEST (AD) v1.0.2 Al-powered application. The application automatically processed
incoming CTAs, displaying notifications of suspected findings (if any) alongside image
series information. For cases flagged positive by the application, the AD type (A or B) was
also displayed. All results were gathered for assessment. The evaluation was conducted
blindly, without access to the results of the U.S. board-certified radiologists. Notifications,
AD types (for positive cases), and processing times were recorded for all CTA cases,
measured from the end of DICOM reception to positive or negative identification.

2.6. Statistical Analysis

The results provided by U.S. board-certified radiologists and those automatically
computed by CINA-CHEST (AD) were compared. The sensitivity, specificity, accuracy, and
the area under the receiver operating characteristic curve (ROC AUC) were calculated for
the complete dataset. The 95% confidence intervals (95% CI) for sensitivity, specificity, and
accuracy were determined using the exact binomial distribution test (Clopper—Pearson).
Matthew’s correlation coefficient (MCC) was also computed to assess the binary classifica-
tion quality. Positive and negative predictive values were derived using sensitivity and
specificity, accounting for prevalence in the current dataset (10.5%). Subset performance
analyses based on imaging acquisition parameters (manufacturer and slice thickness) and
patient characteristics (age and sex) were conducted. Moreover, the clinical performance of
Stanford classification for AD (type A and type B) was determined. The sensitivity, speci-
ficity, and accuracy were computed for each type of AD. Additionally, AD prioritization
and triage effectiveness were evaluated based on the standalone per-case processing time
of the device (mean + SD, 95%CI, and median values) for all cases in the database and
for true positive cases only. Statistical analyses were performed using MedCalc Statistical
Software (MedCalc, v20.015MedCalc Software Ltd., Ostend, Belgium).

3. Results
3.1. Data Distribution

According to the ground truth, the final dataset included 137 (10.5%) positive and
1166 (89.5%) negative cases. Among 137 positive cases, 63 and 74 aortic dissections were
identified as type A and type B AD, respectively. The mean & SD age of 1303 patients
included in the study was 58.8 & 16.4 y/o (min = 18 y /0 and max = 90 y /o). The male and
female populations were almost equally distributed (46.7% and 53.3%, respectively). The
CTA examinations were conducted using different scanner makers: GE (GE Healthcare,
Chicago, IL, USA) (259; 19.9%), Philips (Philips Healthcare, Amsterdam, The Netherlands)
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(489; 37.5%), Siemens (Siemens Healthinners, Erlangen, Germany) (474; 36.4%), Canon
(formerly Toshiba) (Canon Medical Systems Corporation, Otawara, Japan) (76; 5.8%),
Hitachi (Hitachi Ltd., Tokyo, Japan) (4; 0.3%), and Philips-Neusoft Medical Systems (PNMS)
(Neusoft Medical Systems, Shenyang, China) (1; 0.1%). A total of 456 (35%) scans had slice
thickness values lower than 1.5 mm, 629 (48%) were lower than 3 mm, and 218 (17%) were
equal to 3 mm (Table 2).

Table 2. The dataset characteristics.

Characteristic Parameters AD Dataset AD Positive Cases
(1303 Cases) (137 Cases)
Age Mean + SD 588 £164y/o 59.0 £133y/o0
S Male 609 (46.7%) 84 (61.3%)
ex Female 692 (53.3%) 53 (38.7%)
GE 259 (19.9%) 77 (56.2%)
Philips 489 (37.5%) 14 (10.2%)
S K Siemens 474 (36.4%) 33 (24.1%)
CANNET MaKEers Canon 76 (5.8%) 13 (9.5%)
Hitachi 4 (0.3%) 0 (0.0%)
PNMS 1 (0.1%) 0 (0.0%)
<1.5mm 456 (35%) 53 (38.7%)
Slice thickness 1.5 mm < ST <3 mm 629 (48%) 56 (40.9%)
=3 mm 218 (17%) 28 (20.4%)

3.2. Performance Statistical Results

The DL-based application correctly identified 129 AD cases (true positive—TP;
Figure 1a,b). Eight cases were missed by the application (false negative—FN), leading to
a sensitivity of 94.2% [95% CI: 88.8-97.5%]. In total, 1134 cases were correctly labeled as
negative for AD (true negative—TN), and 32 cases were wrongly flagged as positive (false
positive—FP; Figure 1c), resulting in a specificity of 97.3% [95% CI: 96.2-98.1%]. Among
1303 scans, no difference was found between the ground truth and Al-based application
assessments in 1263 cases, which represents an accuracy of 96.9% [95% CI: 95.8-97.8%].
The area under the receiver operating characteristic curve (ROC AUC) was also calculated:
0.96 [95% CI: 0.95-0.97]. Matthew’s correlation coefficient (MCC) was equal to 0.85. Finally,
positive and negative predictive values (PPV and NPV) were derived using the sensitivity,
specificity, and prevalence values of the actual dataset (10.5%) and were 80.1% and 99.3%,
respectively (Table 3).

Suspected type A AD Suspected type B AD Suspected type B AD
identified identified - identified

= il - — —
4 /‘f- \Q P \ o

A\ 0

2 3y

(a) (b) (c)

Figure 1. Examples of CINA-CHEST (AD) outputs upon true and false positive AD cases automati-
cally determined by CINA-CHEST (AD). Red boxes are placed by CINA-CHEST (AD) to indicate
the localisation of a detected AD. (a) Correct detection of type A AD. (b) Correct detection of type B
AD. (c) False-positive identification of a complicated case in the presence of intramural hematoma
following aortic repair.
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Table 3. CINA-CHEST (AD) confusion matrix and performance data. (TP—true positive, TN—true
negative, FP—false positive, and FN—false negative).

Ground Truth
Confusion Matrix
Positive Negative Total
Positive 129 (TP) 8 (FN) 137
CIN(i—S)I—iEST Negative 32 (FP) 1134 (TN) 1166
Total 161 1142 1303

* Sensitivity [95% CI], %: 94.2 [88.8-97.5]; specificity [95% CI], %: 97.3 [96.2-98.1]; accuracy [95% CI], %: 96.9
[95.8-97.8]; ROC AUC [95% CI]: 0.96 [0.95-0.97]; MCC: 0.85; PPV: 80.1%; NPV: 99.3%.

Among the eight missed ADs (FNs), six are complicated cases and were the subject
of disagreements between both truthers. Thus, even visually, the detection of these aortic
dissections was not obvious. Four of these dissections were located within the abdominal
infrarenal aorta or the distal descending thoracic aorta. They were all related to AD type B.
Among the confounding factors that impacted correct AD identification by the Al-based
algorithm was the combination of acquisition artefacts (one scan was noisy, one presented
streak artefacts, and one included motion artefacts) and aortic pathologies (intramural
hematoma (IMH): four cases; penetrating atherosclerotic ulcer (PAU): two cases; aortic
calcifications: two cases; one aneurysm with large mural thrombus; one endoleak with
active extravasation of contrast from the graft in the mid-descending thoracic aorta). One
additional case was missed due to bad contrast filling. The last scan presented AD only
within the last two abdominal slices, since the acquisition stopped at the level of the right
kidney, thus preventing the visualization of the entire dissection (Figure 2; for more details,
see Supplementary Table S1).

(a) (b) (c)

Figure 2. Examples of missed AD cases by CINA-CHEST (AD). (a) Missed subtle type B AD due to a
streak artefact. (b) Missed type B AD in the presence of penetrating atherosclerotic ulcer. (c) Missed
type B AD in the presence of large intramural hematoma and penetrating atherosclerotic ulcer.

There were 32 false positive cases. The inaccurate identification of the dissections,
resulting in false positives, stemmed from various factors including inadequate contrast
opacification (13 cases), motion artefacts (10 cases), instances of pathology mimicking
dissection (i.e., penetrating atherosclerotic ulcer (PAU), intramural hematoma (IMH), and
aneurysms (7 cases)), and interference from stent grafts (2 cases).

The reasons for misdiagnoses (FN and FP) are summarized in Table 4.

Table 4. Reasons for AD misdiagnoses by CINA-CHEST (AD).

Main Reasons for False Negatives (n = 8) Main Reasons for False Positives (n = 32)

Intramural hematoma (IMH) (4)
Penetrating atherosclerotic ulcer (PAU) (2)
Acquisition artefacts (2)

Inadequate contrast opacification (13)
Motion artefacts (10)
Instances of pathology mimicking dissection (7)
Interference from stent grafts (2)
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3.3. Stanford AD Type Classification

In the current dataset, the ground truth identified 63 positive AD cases as type A
dissections and 74 as type B. Among the 137 positive cases, the Al-based application
accurately classified all type A dissections and generated 7 false positives, resulting in a
sensitivity of 100% [95% CI: 92.8-00%] and a specificity of 99.4% [95% CI: 98.8-9.8%]. For
type B AD, the Al-based application produced 8 false negatives and 25 false positives,
yielding a sensitivity of 89.2% [95% CI: 79.3—4.9%] and a specificity of 97.9% [95% CI:
97.0-8.7%] (Table 5). The application classified positive cases by AD types with an accuracy
of 99.5% [95% CI: 98.9-99.8%] for type A and 97.5 [95% CI: 96.4-98.3%)] for type B (Table 5).

Table 5. Stanford AD classification performances of CINA-CHEST (AD) application. (TP—true
positive, TN—true negative, FP—false positive, and FN—false negative).

Sensitivity Specificity Accuracy
AD Type [95% CTI], % [95% CI, % [95% CII, %
100 [92.8-100] 99.4 [98.8-99.8]
Type A (TP = 63; FN = 0) (TN =1233; FP =7) 99.598.9-99.8]
Type B 89.2 [79.3-94.9] 97.9[97.0-98.7] 97.5 [96.4-98.3]

(TP = 66; FN = 8) (TN = 1204; FP = 25)

3.4. Stratified Statistical Analysis Results

The stratified statistical analyses are provided for the subgroups of the CT-scan makers,
image acquisition (slice thickness), age, and sex groups (Table 6). The Al-based algorithm
performances across these groups are presented in Table 6. The in-depth stratified statistical
analysis revealed sensitivities ranging from 89.2% to 100% and specificities from 96.2% to
100%. This comprehensive examination demonstrated that across all categories and within
each group, both the sensitivities and specificities consistently surpassed the 89% threshold,
and the accuracy for all groups was higher than 95%.

Table 6. Detailed stratified statistical analysis of CINA-CHEST (AD) application.

. Sensitivity Specificity Accuracy

Parameter Condition [95% CI1, % [95% CI1, % [95% CI1, %
18 < Age < 40 100 [47.8-100]  97.7[94.3-99.4]  97.9 [94.5-99.4]
Age 40 < Age < 60 97.1[89.9-99.6] 98.2[96.3-99.3]  98.0 [96.3-99.1]
Age > 60 90.5[80.4-96.4]  96.5[94.7-97.8]  95.9 [94.1-97.3]
5 Male 96.4[89.9-99.2]  96.9[95.1-98.3]  96.9 [95.1-98.1]
ex Female 90.6 [79.3-96.9]  97.5[95.9-98.6]  96.9 [95.4-98.1]
GE 94.8[87.2-98.6] 96.2[92.2-98.4]  95.8 [92.5-97.9]
5 fers * Philips 92.2[66.1-99.8]  96.8 [94.8-98.2]  96.7 [94.6-98.1]
Canner maxers Siemens 93.9[79.8-99.3]  97.7[95.8-98.9]  97.5[95.6-98.7]
Canon 93.3[62.1-99.6]  100[92.8-100]  98.7 [92.9-99.9]
<1.5mm 90.5[79.3-96.9]  97.7[95.8-98.9]  96.9 [94.9-98.3]
Slice thickness  1.5mm<ST<3mm  98.2[90.5-99.9]  96.7[94.9-98.0]  96.8 [95.1-98.0]

=3 mm

92.9 [76.5-99.1]

97.8 [94.7-99.4]

97.2 [94.1-99.0]

* No stratification was conducted for PNMS and Hitachi Ltd. scanner makers, as a small number of scans were
included with these scanners, 1 and 4 CT scans, respectively.

3.5. Time to Notification Evaluation Results

The application was run with the following hardware specifications: CPU: 8 threads/16
cores at 3.0+ GHz and RAM: 16 GB on Ubuntu 22.04.4 LTS. The time to notification (TTN)
was calculated for all 1303 cases. The mean TTN + SD was 27.9 + 8.7 s, 95% CI 27.4-28.3 s.
The median TTN value was 26.7 s. The mean TTN =+ SD for 129 true positive cases was
35.4 +15.4s,95% CI 30.8-36.3 s, with a median of 33.3 s.
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4. Discussion

A retrospective, multinational, multicenter, multiscanner blinded study was conducted
to evaluate the diagnostic accuracy of the deep learning (DL)-based application CINA-
CHEST (Avicenna.Al, La Ciotat, France) for prioritization and triage of aortic dissection
(AD) on CTA cases. The database represented a large number of negative AD scans in
order to approach the prevalence found in clinical routine. Among the included 1303 CTA
scans, 137 (10.5%) cases were positive for AD, as established by the majority agreement of
three U.S.-board certified expert radiologists. The DL-based application correctly labeled
129 cases as positives and 1134 as negatives, yielding 8 false negatives and 32 false positives.
Therefore, the specificity and sensitivity of the application were 94.2% [95%CI: 88.8-97.5%]
and 97.3% [95%Cl: 96.2-98.1%], respectively. The application correctly classified the type of
dissection with a sensitivity and specificity of 100% and 99.4% for type A and 89.2% and
97.9% for type B, respectively. The main causes of misdiagnoses were mainly pathologies
mimicking dissection and acquisition artefacts. Moreover, the mean time to notification for
all cases in the current dataset was evaluated (27.9 s) and was compatible with the practical
use in emergency radiology.

Therefore, the assessed deep learning application successfully conducted screening
(triage), classification (type A and type B dissection), and prioritization (operator notifica-
tion) for the presence of suspected aortic dissections (AD). Several studies in the literature
have explored DL-based algorithms aimed at detecting AD and assessed the same parame-
ters (Table 7).

Table 7. Summary of previously published studies pertaining to automated detection solutions
for AD.

Parameter Harris et al., 2019 [6] Hata et al., 2020 [15] Huang et al., 2022 [16] Yi et al., 2022 [17] Current Study
Image type CTA Non-enhanced CT CTA Non-enhanced CT CTA
2-step network: . . 2-step 2.5D U-Net:
Architecture 5-layer CNN CNN Xception attention U-net Deep integrated model: 2.5D aorta isolation and
U-net, ResNet34 R . .
and ResNeXt dissection detection
Model 2D 2D 3D 3D 3D
452 cases
. (internal cohort (341):
Population (31’%’25 7A7DC asgss) 170 cases (85 AD pos) 222,(98 ceasAe.sz(; 1 p(;&B) 139 AD pos. (1133705;]? seoss)
p ype A 27 4yp external cohort (111): p
46 AD pos.)
Enrolment Retrospective Retrospective Retrospective Retrospective Retrospective
Multicenter and Internal center and Multmenter,
Samples . One center One center multiscanner, and
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Enhancing the diagnostic capacity of radiologists” AD screenings using non-enhanced
CT scans was the objective of two studies [15,17]. The diagnostic performances of the DL-
based algorithms used were similar to or slightly outperformed those of trained radiologists.
Hata et al. [15] showed that the sensitivity and specificity of their DL-based application were
91.8% and 88.2%, whereas trained radiologists performed at 90.6% and 94.1%, respectively.
Yi et al. [17] sought to improve upon the DL-model implemented by Hata et al. [15] and
developed a deep integrated model with a sensitivity and specificity of 86.2% and 92.3%,
respectively. However, passing their DL-based algorithm on cases obtained from an external
clinical center drastically dropped the specificity to 55.4%. These findings emphasize
the importance of cases originating from different clinical sources, CT scan makers, and
acquisition parameters for a proper diagnostic performance evaluation. Moreover, both
studies mentioned above were conducted with a high prevalence of positive AD cases,
which does not occur in clinical routine.

Harris et al. [6] evaluated their DL-based tool for AD detection using a multicenter,
multiscanner approach using CTA images with a low AD prevalence. The sensitivity
and specificity of this application were 87.8% and 96.0%, respectively. In comparison,
CINA-CHEST (AD) (Avicenna.Al, La Ciotat, France) underwent an evaluation using scans
sourced from multiple clinical sources, various scanner makers and models, and diverse
acquisition parameters and approaches to real-world disease prevalence. Therefore, the
current performance evaluation, conducted under conditions closely resembling real-world
clinical practice, showcased a superior diagnostic performance to previously published
solutions for AD triage and prioritization. Similar to CINA-CHEST (AD), another deep
learning solution for the triage and prioritization of AD, Briefcase for AD (Aidoc Medical,
Tel Aviv, ISRAEL), has received regulatory clearance and certification. Briefcase for AD
demonstrated a sensitivity of 93.23% (95% CI: 88.70-6.35%) and a specificity of 92.83% (95%
CI: 89.35-5.45%) on 499 CTAs cases, including 192 positives. Therefore, CINA-CHEST (AD)
outperformed this similar solution [18]. Additionally, CINA-CHEST (AD) is unique among
certified and commercially available applications in its ability to classify aortic dissection
by Stanford classification types.

AD type identification is a crucial feature of AD screening DL-based applications, as it
allows clinicians to promptly sort patients in the emergent surgery clinical pipeline (for type
A) and conservative treatment pipeline (for type B). Deploying a two-step neural network,
Huang et al. [16] demonstrated the capacity of a DL-based application to classify AD by
type with a sensitivity and specificity of 95.5% and 98.5% for type A and 79.3% and 94.0%
for type B. In line with previously published articles, CINA-CHEST (AD) successfully
identified all type A AD cases. All eight ADs missed by the application were type B,
demonstrating more complicated automated diagnostics for these cases. In fact, as stated
by Yi et al. [17], the diagnostic performance for type B is shown to be lower than for type A.
This is due to a wider range of dissections, as a larger relative aorta volume is found in the
descending aorta than in ascending aorta. However, this does not adversely affect clinical
outcomes because type A ADs are life-threatening and require immediate intervention,
making the accurate detection of these cases significantly more critical.

Early surgical intervention for type A aortic dissection (AD) significantly reduces
mortality, emphasizing the crucial need to minimize diagnostic delays [19]. Nevertheless,
diagnostic delays are observed in nearly 25% of cases [19]. The reason for these delays
is the in-hospital diagnostic times, which are twice as long as the hospital arrival times,
contributing to the majority of the delay [20]. The analysis of the International Registry of
Acute Aortic Dissection revealed a median diagnostic time of 4.3 h for this acute condition,
indicating a significant opportunity for improvement [21]. Diagnostic delays are associated
not only with misdiagnosis but also with factors such as physician workload, knowledge,
and experience, especially when AD presents without obvious clinical manifestations [22].
Younger patients with AD experience longer diagnostic delays due to clinical hesitations
and a lack of suspicion among emergency clinicians [23]. Although CT scans are employed
to confirm the diagnosis prior to surgery, their use is linked to diagnostic delays that need
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to be addressed [24,25]. Implementing a decision support system, such as an automated
detection and prioritization application, could enhance clinical workflows by reducing
both the misdiagnosis rates and diagnostic delays [26]. Harris et al. [6] measured the
notification time of the application from image download into the platform to visible
notification of the application results. This time was equal to 23.5 & 21 s. Images flagged as
positive were prioritized for readers’ evaluation. This prioritization impacted the time of
delay (time from the image receiving and image opening for analysis). Cases flagged as
positive had a significantly reduced median delay time (265 s against 660 s). Considering
that according to this study, acute cases must have been addressed within 30 min, the
improvement in reducing delays was 20%, representing a significant advancement in the
context of emergency radiology [6]. CINA-CHEST (AD) had a similar notification time
of 27.9 4+ 8.9 s. A similar solution, Briefcase for AD (Aidoc Medical, Tel Aviv, ISRAEL),
demonstrated a mean notification time of 38 s [18]. Although CINA-CHEST (AD) has not
yet been evaluated in clinical settings, it is hypothesized that the proposed automated
solution for AD detection and prioritization could provide substantial clinical benefits by
reducing misdiagnoses and diagnostic delay times.

The evaluated application CINA-CHEST (AD) generated a few false positive and false
negative cases. The causes of these misdiagnoses were mainly the pathologies mimicking
the aortic dissection, like a penetrating atherosclerotic ulcer (PAU), intramural hematoma
(IMH), aneurysms, and acquisition artefacts. For all false positive cases, an alert will be
dispatched to the on-call clinician, granting them the opportunity to examine the images
and offer the appropriate diagnosis. For all misdiagnosed positive cases, as no notification
will be issued to the clinician, these cases will instead undergo review via the standard care
workflow, ensuring accurate diagnosis by the physician.

Our study had some limitations. Primarily, it did not include a direct comparison
between the performance of the deep learning algorithm and that of a panel of independent
radiologists. Hata et al. [15] and Yi et al. [17] assessed the radiologist’s performance for
AD detection; however, as this evaluation was performed on non-enhanced CT scans, this
information is not relevant for CTA images. Second, the retrospective selection of CTA
cases may introduce selection bias. Prospective studies would not only demonstrate a
real-world performance regarding optimal and sub-optimal CTA scans but would also
reveal the supposed clinical benefits regarding time savings for diagnosis in such acute
conditions as AD. Moreover, radiologists’ time savings by automated triage applications
might become a crucial benefit in the next few years, as the clinician workforce is limited
under an ever-increasing workload [27]. Finally, we did not include any clinical parameters
in the diagnostic pipeline like Yi et al. [17], who presented an integrated model where aorta
morphology was taken into account for AD triage.

5. Conclusions

To sum up, CINA-CHEST (AD) (Avicenna.Al, La Ciotat) is a DL-based application for
performing triage, classification, and prioritization of aortic dissections. Our multinational,
multicenter, multiscanner study demonstrated the highest diagnostic performance reported
in the literature for this class of devices. The study was performed with a prevalence that
approaches to real-world clinical data, and the dataset presented a significant distribution
among clinical sites, scan vendors, and acquisition parameters. This illustrates the device’s
robustness for extensive use across varied datasets and patient demographics. Moreover,
the clinical use of this application is associated with a prompt time to notification that may
improve the diagnostic speed and accuracy of clinicians in exigent emergency settings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics14171877/s1, Table S1: Summary of ADs missed by
the DL-based application.


https://www.mdpi.com/article/10.3390/diagnostics14171877/s1
https://www.mdpi.com/article/10.3390/diagnostics14171877/s1

Diagnostics 2024, 14, 1877 11 of 12

Author Contributions: Conceptualization, Y.C., PD.C.,, and A.A.; Methodology, A.A. and M.S;
Software, M.T., M.R.-S., and C.A; Validation, Y.C., A.A,, and V.L.; Formal analysis, A.A. and V.L.;
Investigation, Y.C., PD.C., D.S.C., J.E.S., and ].C.J.; Resources, PD.C., D.S.C., J.E.S., and J.C.].; Data
curation, M.T., A.A., and M.S.; Writing—original draft preparation, V.L.; Writing—review and editing,
VL., AA,Y.C,MR.-S, and ].E.S,; Visualization, V.L.; Supervision, Y.C.; Project administration, M.S.,
5.Q., and C.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Prior to investigator assessments, all data were anonymized in compliance with HIPAA
and GDPR regulations. Informed consent was waived when it was deemed necessary, following
national legislation and institutional protocols, before the data were transferred to Avicenna.Al The
investigators had no possibility to ascertain the identity or patient’s private data. The investiga-
tors had no access to the keys of coded data. Consequently, the data were deemed exempt from
IRB approval.

Informed Consent Statement: Informed consent was waived when mandatory, aligning with both
national legislation and institutional protocols.

Data Availability Statement: The study data are the property of Avicenna.Al and are not publicly
accessible. They can be obtained from the corresponding author upon reasonable request and with
the approval of the Regulatory Affairs Department of Avicenna.Al

Acknowledgments: The authors express their gratitude to the clinicians who conducted the prelimi-
nary data collection. They also extend their thanks to the patients who anonymously provided the
CTA scan data for this study. Special thanks go to Laurent Turek and Anas Elabedelalaoui for their
invaluable assistance with data processing.

Conflicts of Interest: Vladimir Laletin, Angela Ayobi, Marlene Scudeler, Sarah Quenet, Maxime Tassy,
Christophe Avare, Mar Roca-Sogorb, and Yasmina Chaibi are employees of Avicenna.Al. Peter Chang
is a co-founder and shareholder of Avicenna.Al. Daniel Chow is a minority shareholder of Avicenna.Al
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1. Coady, M.A.; Rizzo, J.A.; Goldstein, L.J.; Elefteriades, J.A. Natural History, Pathogenesis, and Etiology of Thoracic Aortic
Aneurysms and Dissections. Cardiol. Clin. 1999, 17, 615-635. [CrossRef] [PubMed]

2. Awal, S.S,; Prasad, N.; Biswas, S. CT Evaluation of Aortic Dissection and Other Acute Aortic Syndromes: An Update. Int. ]. Radiol.
Radiat. Ther. 2022, 9, 159-165. [CrossRef]

3. Bossone, E.; LaBounty, T.M.; Eagle, K.A. Acute Aortic Syndromes: Diagnosis and Management, an Update. Eur. Heart |. 2018, 39,
739-749. [CrossRef] [PubMed]

4. Criado, EJ. Aortic Dissection: A 250-Year Perspective. Tex. Heart Inst. J. 2011, 38, 694-700.

5. Gawinecka, J.; Schonrath, F; von Eckardstein, A. Acute Aortic Dissection: Pathogenesis, Risk Factors and Diagnosis. Swiss Med.
Wkly. 2017, 147, w14489. [CrossRef]

6.  Harris, R].; Kim, S.; Lohr, J.; Towey, S.; Velichkovich, Z.; Kabachenko, T.; Driscoll, I.; Baker, B. Classification of Aortic Dissection
and Rupture on Post-Contrast CT Images Using a Convolutional Neural Network. J. Digit. Imaging 2019, 32, 939-946. [CrossRef]
[PubMed]

7. Pourafkari, L.; Tajlil, A.; Ghaffari, S.; Parvizi, R.; Chavoshi, M.; Kolahdouzan, K.; Khaki, N.; Parizad, R.; Hobika, G.G.; Nader,
N.D. The Frequency of Initial Misdiagnosis of Acute Aortic Dissection in the Emergency Department and Its Impact on Outcome.
Intern. Emerg. Med. 2017, 12, 1185-1195. [CrossRef]

8.  Zaschke, L.; Habazettl, H.; Thurau, J.; Matschilles, C.; Gohlich, A.; Montagner, M.; Falk, V.; Kurz, S.D. Acute Type A Aortic
Dissection: Aortic Dissection Detection Risk Score in Emergency Care—Surgical Delay Because of Initial Misdiagnosis. Eur. Heart
J. Acute Cardiovasc. Care 2020, 9, S40-547. [CrossRef]

9. Lovatt, S.; Wong, C.W.; Schwarz, K.; Borovac, J.A.; Lo, T.; Gunning, M.; Phan, T.; Patwala, A.; Barker, D.; Mallen, C.D.; et al.
Misdiagnosis of Aortic Dissection: A Systematic Review of the Literature. Am. J. Emerg. Med. 2022, 53, 16-22. [CrossRef]

10. Isselbacher, E.M.; Preventza, O.; Hamilton Black, J.; Augoustides, ].G.; Beck, A.W.; Bolen, M.A_; Braverman, A.C.; Bray, B.E.;

Brown-Zimmerman, M.M.; Chen, E.P,; et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease: A
Report of the American Heart Association/American College of Cardiology Joint Committee on Clinical Practice Guidelines.
Circulation 2022, 146, €334-e482. [CrossRef]


https://doi.org/10.1016/S0733-8651(05)70105-3
https://www.ncbi.nlm.nih.gov/pubmed/10589336
https://doi.org/10.15406/ijrrt.2022.09.00343
https://doi.org/10.1093/eurheartj/ehx319
https://www.ncbi.nlm.nih.gov/pubmed/29106452
https://doi.org/10.4414/smw.2017.14489
https://doi.org/10.1007/s10278-019-00281-5
https://www.ncbi.nlm.nih.gov/pubmed/31515752
https://doi.org/10.1007/s11739-016-1530-7
https://doi.org/10.1177/2048872620914931
https://doi.org/10.1016/j.ajem.2021.11.047
https://doi.org/10.1161/CIR.0000000000001106

Diagnostics 2024, 14, 1877 12 of 12

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chang, P.D.; Kuoy, E.; Grinband, J.; Weinberg, B.D.; Thompson, M.; Homo, R.; Chen, J.; Abcede, H.; Shafie, M.; Sugrue, L.; et al.
Hybrid 3D/2D Convolutional Neural Network for Hemorrhage Evaluation on Head CT. AJNR Am. ]. Neuroradiol. 2018, 39,
1609-1616. [CrossRef]

45 CFR § 164.514 (e); Code of Federal Regulation. Government Publishing Office: Washington, DC, USA, 2023.

45 CFR § 46.101; Code of Federal Regulation. Government Publishing Office: Washington, DC, USA, 2023.

GDPR 2016/679; Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the Protection of
Natural Persons with Regard to the Processing of Personal Data and on the Free Movement of Such Data, and Repealing Directive
95/46/EC (General Data Protection Regulation). Official Journal of the European Union: Brussels, Belgium, 2016.

Hata, A.; Yanagawa, M.; Yamagata, K.; Suzuki, Y.; Kido, S.; Kawata, A.; Doi, S.; Yoshida, Y.; Miyata, T.; Tsubamoto, M.; et al. Deep
Learning Algorithm for Detection of Aortic Dissection on Non-Contrast-Enhanced CT. Eur. Radiol. 2021, 31, 1151-1159. [CrossRef]
Huang, L.; Liu, Q.; Lu, X,; Liu, S.; Cao, C.; Wang, Z.; Zhang, X.; Xia, S. Impact of Encephalomalacia and White Matter
Hyperintensities on ASPECTS in Patients with Acute Ischemic Stroke: Comparison of Automated and Radiologist-Derived
Scores. Am. ]. Roentgenol. 2022, 218, 878-887. [CrossRef] [PubMed]

Yi, Y,; Mao, L.; Wang, C.; Guo, Y.; Luo, X,; Jia, D.; Lei, Y.; Pan, J.; Li, J.; Li, S.; et al. Advanced Warning of Aortic Dissection on
Non-Contrast CT: The Combination of Deep Learning and Morphological Characteristics. Front. Cardiovasc. Med. 2022, 8, 762958.
[CrossRef] [PubMed]

FDA 510(k) Summary Aidoc Medical, Ltd.’s BriefCase 2022. Available online: https://www.accessdata.fda.gov/cdrh_docs/pdf2
2/K222329.pdf (accessed on 10 June 2024).

Matthews, C.R.; Madison, M.; Timsina, L.R.; Namburi, N.; Faiza, Z.; Lee, L.S. Impact of Time between Diagnosis to Treatment in
Acute Type A Aortic Dissection. Sci. Rep. 2021, 11, 3519. [CrossRef]

Rapezzi, C.; Longhi, S.; Graziosi, M.; Biagini, E.; Terzi, F; Cooke, RM.T.; Quarta, C.; Sangiorgi, D.; Ciliberti, P.; Di Pasquale, G.;
et al. Risk Factors for Diagnostic Delay in Acute Aortic Dissection. Am. J. Cardiol. 2008, 102, 1399-1406. [CrossRef]

Harris, K.M.; Strauss, C.E.; Eagle, K.A.; Hirsch, A.T.; Isselbacher, E.M.; Tsai, T.T.; Shiran, H.; Fattori, R.; Evangelista, A.; Cooper,
J.V,; et al. Correlates of Delayed Recognition and Treatment of Acute Type A Aortic Dissection: The International Registry of
Acute Aortic Dissection (IRAD). Circulation 2011, 124, 1911-1918. [CrossRef] [PubMed]

Shimamoto, T.; Tomotsuka, S.; Takehara, M.; Tsumaru, S. Three Cases of Diagnostic Delay of Type A Acute Aortic Dissection.
Egypt. Heart ]. 2024, 76, 10. [CrossRef]

Sullivan, PR.; Wolfson, A.B.; Leckey, R.D.; Burke, ].L. Diagnosis of Acute Thoracic Aortic Dissection in the Emergency Department.
Am. ]. Emerg. Med. 2000, 18, 46-50. [CrossRef]

Vos, M.D.; Ranschaert, W.; Vergauwen, W.; Graulus, E.; Verrelst, P.; Schepens, M. Acute Type A Aortic Dissection: Timeline
between Onset and Treatment. J. Vis. Surg. 2021, 7, 24. [CrossRef]

Froehlich, W.; Tolenaar, J.L.; Harris, KM.; Strauss, C.; Sundt, T.M.; Tsai, T.T.; Peterson, M.D.; Evangelista, A.; Montgomery, D.G.;
Kline-Rogers, E.; et al. Delay from Diagnosis to Surgery in Transferred Type A Aortic Dissection. Am. J. Med. 2018, 131, 300-306.
[CrossRef] [PubMed]

Graber, M.; Gordon, R.; Franklin, N. Reducing Diagnostic Errors in Medicine: What's the Goal? Acad. Med. ]. Assoc. Am. Med.
Coll. 2002, 77,981-992. [CrossRef] [PubMed]

Bharadwaj, P; Nicola, L.; Breau-Brunel, M.; Sensini, F,; Tanova-Yotova, N.; Atanasov, P; Lobig, F; Blankenburg, M. Unlocking the
Value: Quantifying the Return on Investment of Hospital Artificial Intelligence. JACR J. Am. Coll. Radiol. 2024, 16. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3174/ajnr.A5742
https://doi.org/10.1007/s00330-020-07213-w
https://doi.org/10.2214/AJR.21.26819
https://www.ncbi.nlm.nih.gov/pubmed/34910537
https://doi.org/10.3389/fcvm.2021.762958
https://www.ncbi.nlm.nih.gov/pubmed/35071345
https://www.accessdata.fda.gov/cdrh_docs/pdf22/K222329.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf22/K222329.pdf
https://doi.org/10.1038/s41598-021-83180-6
https://doi.org/10.1016/j.amjcard.2008.07.013
https://doi.org/10.1161/CIRCULATIONAHA.110.006320
https://www.ncbi.nlm.nih.gov/pubmed/21969019
https://doi.org/10.1186/s43044-024-00444-y
https://doi.org/10.1016/S0735-6757(00)90047-0
https://doi.org/10.21037/jovs-20-54
https://doi.org/10.1016/j.amjmed.2017.11.009
https://www.ncbi.nlm.nih.gov/pubmed/29180025
https://doi.org/10.1097/00001888-200210000-00009
https://www.ncbi.nlm.nih.gov/pubmed/12377672
https://doi.org/10.1016/j.jacr.2024.02.034
https://www.ncbi.nlm.nih.gov/pubmed/38499053

	Introduction 
	Materials and Methods 
	DL-Powered Algorithm for AD Detection: Architecture and Training 
	Data Selection 
	Ethical Considerations for Data 
	The Ground Truth 
	Data Processing 
	Statistical Analysis 

	Results 
	Data Distribution 
	Performance Statistical Results 
	Stanford AD Type Classification 
	Stratified Statistical Analysis Results 
	Time to Notification Evaluation Results 

	Discussion 
	Conclusions 
	References



