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Bknap cucteM MCKYCCTBEHHOr0 MHTE/JIeKTa Shock o
B YNy4LUeHue BbiSBJIeHUS aHeBPU3M aopTbl MO AaHHbIM
KOMMbIOTEPHOU TOMOrpadumu rpyaHON KNeTKu
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AHHOTALIMA

06ocHoBaHUe. AHEBPU3MbI a0pTbl — «TUXWE YOMiALbI», pa3BuBaIoTCA 683 CUMMTOMOB WU MOTYT NPUBECTU K JIETAIbHOMY UCXOLY.
ExxeronHo 3aboneBaeMocTb aHeBpU3MOiA IpyaHON aopTbl cocTaenseT okono 10 ciyyaes Ha 100 000 yenosek, a yacToTa paspbl-
BOB aHEBPU3Mbl — 0Kof10 1,6 cydas. PaHHAS aMarHocTUKa 1 iedeHve MoryT CNacTi Xu3Hb NaumeHTa. Mcnonb3oBaHue TexHo-
NOTUIA UCKYCCTBEHHOTO MHTESIIEKTA MOKET 3HAUMUTENbHO YYYLLMTb KAa4yecTBO AMarHOCTUKU M NpeaoTBpaTUTL JIeTaslbHbIA UCX0A,
Lienb — oueHUTb 3 HEKTUBHOCTL NPUMEHEHUS TEXHONOMMIA UCKYCCTBEHHOTO MHTEJNIEKTA B BbIAIBJIEHUM aHEBPU3M IPYAHOI0
OT/e1a aopTbl Ha KOMIbKOTEPHOI TOMOrpaduW OpraHoB rPpyAHON KIETKW U UCCNeA0BaTb BO3MOXHOCTM UCMOMb30BaHUS 3TUX
TEXHOJOMMIA B KAQYECTBE CUCTEMBI MOAAEPHKM NPUHATUS BPayebHbIX peLleHmii Bpaia-peHTreHonora npy nepBuYHOM onuca-
HWM NIy4eBbIX UCCNELOBaHMA.

Matepuanbl U MeToAbl. Bbin OLEHEHBI pe3ynbTaThl MCMNOIb30BaHWUA TEXHOMOMMIA UCKYCCTBEHHOMO UHTENNEKTA 418 BbISBNE-
HWA aHeBPM3Mbl FPYAHON a0OpPThl HA KOMMBIOTEPHOM TOMOrpadmM OpraHoB rPyAHOM KIETKW Be3 KOHTPACTHOro ycunenus. beina
chopmmpoBaHa Bbibopka u3 84 405 cnyyaeB obcnenoBaHus NauMeHTOB cTapwe 18 neT, U3 KoTopbix 0TOBpaHo M peTpocnek-
TUBHO NMEPECMOTPEHO COCYAMCTBIMM XMpypramm HayuHo-uccneoBaTeslbCcKoro MHCTUTYTa cKopoi nomoluy umenm H.B. Cknm-
docoBckoro 86 uccnefoBaHWM € MOJO3PEHVEM HA HanWuMe aHeBpU3Mbl FPYAHOT0 OTAENa aopThl MO AAHHBIM TEXHONOMUA
MCKYCCTBEHHOIO MHTENNEKTA. 3TU UCCNeL0BaHWs ObINM TaKKe PETPOCTEKTUBHO OLIEHEHBI ABYMS BpauaMU-PEHTTEHOIOraMu.
Bbina chopMupoBaHa gononHUTeNbHas BbIDOpKa U3 968 mMccnefoBaHUiA, B3ATLIX B Cy4YaiHOM MOpsAKe U3 obLuero uucna,
ANS OLEHKW KOpPensLMM Bo3pacTa NaLyeHToB U AMaMeTpa rpyAHOro OTAeNa aopThl.

PesynbTtatbl. AHanM3 NoKasan, 4To B 44 MCCNefoBaHMAX aHeBpu3Ma Obia MepBUYHO BbISIBNIEHA BPaYOM-PEHTTEHONONOM,
B 31 cnyyae aHeBPM3MbI He BbIM ONKUCaHbI, HO TEXHONOTUS UCKYCCTBEHHOMO MHTENNIEKTA NOMOrTIA BbISBUTL Natonoruio. Ewe
6 viccnefoBaHWiA BbiM UCKITKOYEHBI U3 BLIBOPKU, @ B 5 ciyyasx bbinm 00HapYKEHbI NOXKHOMOMOXUTENBHBIE Pe3yNbTaThl aHanu3a.
Wcnonb3oBaHne TEXHOMOTUI WCKYCCTBEHHOO WMHTEN/eKTa 0bHapyXuBaeT U BbiAeNseT MaToforuyeckue U3MeHeHWs aopThbl
Ha MeAMLIMHCKMX U306paXKeHmMsX, TEM CaMbIM MOBbILLAA BbIAB/IAEMOCTb aHEBPU3MbI MPYLHON aopThbl NMpWU MHTEpPNpeTaLum pe-
3y/bTaToOB KOMMbIOTEPHOW TOMOrpadmm opraHoB rpyaHoii KneTku Ha 41%. [py NepBMYHOM OMMUCaHWUM NYYEBLIX UCCNEL0BaHWM
1 B peTPOCMEKTUBHBIX UCCNef0BaHUAX LienecoobpasHo UCMoNb30BaTb TEXHOOMMW UCKYCCTBEHHOMO MHTEN/IEKTa AAs npodunak-
TUKU MPOMYCKOB KIIMHAYECKW 3HQUMMBIX NATONOTUIA — KaK B KauecTBe CUCTEMbl MOAAEPHKN MPUHATUA BpauebHbIX peLLeHuii
ANA Bpaya-PeHTreHos1ora, TaK 1 151 NOBbILLEHMS BbISBNSEMOCTY NATONONMYECKOr0 PacLLMpeHns PyAHOro OTAeNna aopThl.

Mo pononHUTenbHO BbIGOPKE B MOMYNALMM B3POC/Or0 HaCeNeHUs YacToTa Aunartaumm rpyaHoro oTAena aopTbl COCTaBuna
14,5%, a aHeBpu3M rpyaHoro otaena aopTel —1,2%. [laHHble TaKKe NOKa3anu BO3pacTHYHO 3aBUCMMOCTb AvaMeTpa rpyAHo-
ro OTAeNa aopThl 418 MYXUUH U EHLLMH.

3aksnitoueHue. IpuMeHeHNe TEXHONOMIA UCKYCCTBEHHOMO MHTESIEKTa B NPOLLECCe MEPBUYHOIO ONUCaHMS Pe3ynbTaToB KOM-
NbIOTEPHON TOMOrPaduu OpraHoB rPYAHON KNETKU MOXET NOBLICUTL BbISBIAEMOCTb KITMHUYECKW 3HAYMMBIX NaTONIOMMYECKUX
COCTOSIHWM, TaKMX KaK aHeBPM3Ma rpyHOro 0TAena aopTbl. PaclumpeHue peTpOCNEKTUBHOMO CKPUHUHIA MO AaHHBIM KOMIbO-
TEpHOI TOMOrpadumn OpraHoB rpyAHON KNETKM C UCMOJIb30BaHUEM TEXHOSIOMMI UCKYCCTBEHHOMO MHTENEKTa MOXKET YyULLIUTb
KaueCTBO AMArHOCTUKM CONYTCTBYHOLLMX NaTONOrMiA M NPeS0TBPaTUTbL HEraTUBHLIE NOCNEACTBUS )1 NALMEHTOB.

KnioueBble cnosa: KOMMNbKOTEPHaA TOMOFpaCIJMFl; aHeBpMU3Ma aopThbl; MCKYCCTBEHHbIVI WHTEJIeKT.
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Improving aortic aneurysm detection with artificial
intelligence based on chest computed tomography
data
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ABSTRACT

BACKGROUND: Aortic aneurysms are known as “silent killers” because this potentially fatal condition can be asymptomatic. The
annual incidence of thoracic aortic aneurysms and ruptures is approximately 10 and 1.6 per 100,000 individuals, respectively.
The mortality rate for ruptured aneurysms ranges from 94% to 100%. Early diagnosis and treatment can be life-saving. Artificial
intelligence technologies can significantly improve diagnostic accuracy and save the lives of patients with thoracic aortic
aneurysms.

AIM: This study aimed to assess the efficacy of artificial intelligence technologies for detecting thoracic aortic aneurysms on
chest computed tomography scans, as well as the possibility of using artificial intelligence as a clinical decision support system
for radiologists during the primary interpretation of radiological images.

MATERIALS AND METHODS: The results of using artificial intelligence technologies for detecting thoracic aortic aneurysms on
non-contrast chest computed tomography scans were evaluated. A sample of 84,405 patients >18 years old was generated,
with 86 cases of suspected thoracic aortic aneurysms based on artificial intelligence data selected and retrospectively assessed
by radiologists and vascular surgeons. To assess the age distribution of the aortic diameter, an additional sample of 968 cases
was randomly selected from the total number.

RESULTS: In 44 cases, aneurysms were initially identified by radiologists, whereas in 31 cases, aneurysms were not detected
initially; however, artificial intelligence aided in their detection. Six studies were excluded, and five studies had false-positive
results. Artificial intelligence aids in detecting and highlighting aortic pathological changes in medical images, increasing the
detection rate of thoracic aortic aneurysms by 41% when interpreting chest computed tomography scans. The use of artificial
intelligence technologies for primary interpretations of radiological studies and retrospective assessments is advisable to
prevent underdiagnosis of clinically significant pathologies and improve the detection rate of pathological aortic enlargement.
In the additional sample, the incidence of thoracic aortic dilation and thoracic aortic aneurysms in adults was 14.5% and 1.2%,
respectively. The findings also revealed an age-dependent diameter of the thoracic aorta in both men and women.
CONCLUSION: The use of artificial intelligence technologies in the primary interpretation of chest computed tomography scans
can improve the detection rate of clinically significant pathologies such as thoracic aortic aneurysms. Expanding retrospective
screening based on chest computed tomography scans using artificial intelligence can improve the diagnosis of concomitant
pathologies and prevent negative consequences.

Keywords: computed tomography; aortic aneurysm; artificial intelligence.
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BACKGROUND

According to the World Health Organization, cardiovascular
diseases and associated disorders are among the leading
causes of death [1]. These diseases include aortic aneurysms,
which are known as “silent killers.” They are generally
asymptomatic and can result in aortic dissection or rupture,
which leads to death in 94%-100% of cases [2, 3]. Very few
studies have statistically analyzed the prevalence of thoracic
aortic aneurysms [4]. In Russia, the incidence of ascending
aortic aneurysms ranges from 0.16% to 1.06%. Notably, a
recent large epidemiological study on the incidence of thoracic
aortic aneurysms in Russia was performed approximately
40 years ago [5], highlighting the need for further studies.

According to autopsy data collected over 10 years in the Filatov
City Clinical Hospital No. 15 (Moscow), a thoracic aortic aneurysm
was the cause of death in 0.8% of cases, with aneurysms
suspected before death in only 11% of these cases [4]. In the USA,
aortic aneurysms are the 17th leading cause of cardiovascular-
related death, with an annual prevalence of thoracic aortic
aneurysms of approximately 10 per 100,000 of population
and an aneurysm rupture prevalence of approximately 1.6 per
100,000 of population [6]. In Sweden, thoracic aneurysms and
aortic dissections occur in up to 16.3 per 100,000 of population [7].
According to Yale University data, the annual incidence rates of
aneurysm ruptures and aortic dissections are 3.6% and 3.7% of
the reported cases, respectively [8].

During screening for lung tumors using chest computed
tomography (CT), abnormal thoracic aortic dilatation is
detected in up to 8.1% of patients aged >50 years [9, 10].

Opportunistic screening is a prospective and retrospective
analysis of relevant cases to identify conditions and risk
factors in addition to the target pathology. This strategy
eliminates the need for repeated examinations, reducing the
patient’s radiation exposure [11].

In 2022, more than 647,000 noncontrasted chest CT studies
were performed in Moscow. This number of examinations
allows for the opportunistic detection of various pathological
conditions, including life-threatening ones such as thoracic
aortic dilatation (aneurysm) [12].

Since 2020, the world's largest study has been conducted
in Moscow to assess the efficacy and quality of artificial
intelligence (Al) technology: “An experiment on the use of
innovative computer vision technologies for the analysis of
medical images and further use in the healthcare system of
the city of Moscow” (Moscow Experiment) [13]. Al technology
is used in the test mode in the Moscow Experiment, under
the supervision of experts of the Center for Diagnostics and
Telemedicine (Moscow). The process includes a continuous
quality assessment of the system and adjustments to its
operation, calculations of accuracy metrics, and identification
of operation errors and other characteristics. Consequently ,
conditions are created for performing retrospective studies
and processing X-ray findings during the primary analysis
by a radiologist.
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AIM

To assess the efficacy of Al technology in detecting
thoracic aortic aneurysms based on chest CT findings and
investigate the possibility of using Al technology as a medical
decision support system for radiologists during the primary
assessment of X-ray findings.

MATERIALS AND METHODS
Study design

A retrospective analysis of 84,405 chest CT scans was
performed. Data were derived from the Unified Radiology
Information Service of the automated Unified Medical
Information Analysis System (ERIS EMIAS) of Moscow
between June 1, 2022, and November 30, 2022, and processed
using Al technology. The study design is presented in Fig. 1.
The total sample included 84,405 patients aged >18 years,
from which 86 examinations with a suspected thoracic
aortic aneurysm with a maximum diameter of >50 mm were
selected using Al technology data. The examinations were
selected by vascular surgeons of the Sklifosovsky Institute
for Emergency Medicine.

The resulting sample was then reviewed by two
radiologists from the Center for Diagnostics and Telemedicine
with over 5 years of experience. If the first two radiologists
disagreed, an expert with 10 years of experience in radiology
acted as an arbitrator and made the final decision on the
presence of an aneurysm and its description.

During the review, eleven patients were excluded,
specifically because the radiologist did not provide a
primary protocol in the ERIS in six patients and the results
were classified as false positive after Al data processing
(assessment of a nontarget pathology or organ) in five
patients. The resulting sample included 75 patients referred
for a follow-up examination and treatment.

In addition, 1,000 scans were randomly selected from the
total sample of 84,405 examinations to assess the distribution
of aortic diameter vs. age. After the exclusion of 32 patients
due to missing data on patients’ ages, the resulting sample
included 968 patients (433 males and 535 females, 44.7%
and 55.3%, respectively).

Inclusion criteria

The inclusion criteria for chest CT scans in the sample
for analysis using Al technology during the Moscow
Experiment in the Thoracic Aortic Aneurysm area were
as follows:

+ Qutpatients and inpatients (male and female patients)
of the institutions forming part of the Moscow
Healthcare Department (aged >18 years)

+ Examination type: noncontrasted chest CT with <3 mm
slice thickness

« Availability of chest CT scans in the DICOM format and
the radiologist’s protocol in the ERIS EMIAS
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84,405 chest CT examinations processed using Al technology for detecting
an abnormal thoracic aortic dilatation

6 cases were excluded because
v the radiologist did not provide
86 studies were selected and reviewed by radiologists a protocol in the ERIS
and vascular surgeons for the presence of thoracic aortic
aneurysms 5 aneurysms were erroneously
diagnosed (false positive result)
according to Al data

\ \d
[ 31 radiologists did nOtJ [M: radiologists describeﬂ

describe the aneurysm the aneurysm

968 studies for the assessment of the distribution 75 studies were included
of thoracic aortic diameter vs. age in the resulting sample

Fig. 1. Study design. Al, artificial intelligence, CT, computed tomography; ERIS, Unified Radiology Information Service.

The exclusion criteria were as follows: + Ascending aortic dilatation: 40-49 mm
+ Patients with surgical hardware (postoperative clamps + Ascending aortic aneurysm: =50 mm
or plates) creating artifacts in the chest area, including « Descending aortic aneurysm: =40 mm [15]
pacemakers The domestic Al algorithm Chest-IRA (IRA Labs,
» Contrast enhancement and lung kernel CT Russia) was used to automatically determine the thoracic
+ Absence of chest CT scans in the DICOM format and/or ~ aortic diameter. The accuracy of this Al technology
the radiologist’s protocol in the ERIS EMIAS. was assessed during the Moscow Experiment, with the
o following results:
Study conditions « Area under the ROC curve (AUC): 0.99
According to the basic diagnostic requirements, Al + Sensitivity: 0.94
technology was used to process examination findings « Specificity: 0.96
for detecting abnormal thoracic aortic dilatation. These + Accuracy: 0.95
requirements were developed based on the European Society + Duration of analysis (one examination): 2.1 min [16]
of Cardiology guidelines on the diagnosis and treatment of An example of an Al technology algorithm operation is
aortic diseases [14]: presented in Fig. 2.

Fig. 2. An example of an algorithm operation of a complex Al-based service to process chest CT findings: a: Al technology correctly
selected and marked (red line) the suspected ascending and descending thoracic aortic aneurysms; b: a false positive result: a mediastinal
neoplasm was marked (red line) together with the ascending thoracic aorta; the green frame indicates the diameter of the descending
thoracic aorta. This complex Al-based service has additional modules for marking pulmonary infiltrates (orange outline) and pleural

effusion (yellow outline).
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The retrospective verification of CT scans with suspected
thoracic aortic aneurysms in the total sample of 75 studies
(maximum diameter: >50 mm) was performed by two
radiologists (with >5 years of experience), one expert
radiologist, and vascular surgeons (with >10 years of
experience). The correctness of Al technology operation in
measuring the thoracic aorta in the axial plane was assessed.
According to the guidelines of the European Association
of Cardiovascular Imaging and the European Society of
Cardiology, the physicians measured both the maximum
anteroposterior diameter and the perpendicular diameter
of the thoracic aorta [17]. All patients in the sample were
referred for a follow-up examination to decide on further
monitoring or treatment.

The normality of distribution in the groups of patients
was assessed using the Shapiro-Wilk test. Given that the
distribution was not normal (p <0.001), all subsample values
are presented as median [25" percentile; 75" percentile]
and minimum/maximum. Between-group comparisons were
performed by the Mann-Whitney method.

RESULTS

Primary study results

The Al technology algorithm was used to process
84,405 noncontrasted chest CT scans for detecting abnormal
thoracic aortic dilatation. In total, 86 patients (62 male and
24 female patients) with a suspected thoracic aortic aneurysm
according to Al technology findings were selected from this
sample and retrospectively reviewed by radiologists and
vascular surgeons. Of 86 patients, six were excluded from
the sample because no protocol was available in the ERIS,
and five had a false positive result after Al data processing
(assessment of a nontarget pathology or organ, Fig. 2, b);
these five patients were also excluded from the sample.

y=0,177x + 25,8
R?=0,401 ¢

Maximum thoracic aortic diameter (mm)

Vol 5 (1) 2024

Maximum thoracic aortic diameter (mm)
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The resulting sample included 75 patients: 57 male (66 [59;
73]; 27-87 years) and 18 female patients (62 [59; 74]; 47-87
years). Thoracic aortic aneurysms were described in the
primary X-ray protocol in 44 (59%) cases; in 31 (41%) cases,
aneurysms were not mentioned in the primary protocol. Thus,
Al technology allowed for detecting 31 additional cases of
thoracic aortic aneurysms (41%). In this group, the maximum
thoracic aortic diameter was 56 [54; 60]: 52-84 mm in male
and 57 [54; 63]; 52-87 mm in female patients.

Patients with aortic aneurysms detected using Al
technology on chest CT scans were informed and referred for
follow-up examinations (echocardiography, CT, or magnetic
resonance angiography, and cardiologist or vascular surgeon
consultation) to determine the management and treatment
strategy.

The follow-up examinations provided additional
information: 4 (5.33%) of 75 patients died before the end of
diagnostic procedures or surgery, and 3 (4%) patients refused
follow-up examinations and treatment. Another 31 (41.33%)
patients were lost to follow-up.

In 25 (33.33%) of 37 patients who remained under
follow-up and continued treatment, thoracic aortic aneurysm
was confirmed (ongoing follow-up); in 12 (16%) patients, the
diagnosis was clarified (still being treated by a cardiologist).
In 3 patients, the diagnosis of aneurysm was not confirmed
after a diagnostic examination; these patients were diagnosed
with thoracic aortic dilatation. Moreover, two surgeries (aortic
stenting) were performed for aneurysms.

No significant differences in age and thoracic aortic
diameter were found between the groups of male and female
patients with aneurysms detected using Al technology (p>0.05).

Findings of the second part of the study

Preliminary data on the incidence of aneurysms was
obtained in the sample including 968 cases (Fig. 3) randomly

65

60
y=0,118x+ 28,6

R? = 0,346

50 .
45
40

35

Fig. 3. Plot of the maximum thoracic aortic diameter versus age for the sample including 968 examinations: a: male patients; b: female patients.
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selected from 84,405 cases. In the adult population (aged >18
years), the incidence rates of thoracic aortic dilatation and
aneurysms were 14.5% and 1.2%, respectively.

The female patients were 65 [51; 75]; 19-102 years old
(n = 535), and the male patients were 60 [47; 71]; 18-95
years old (n = 433). There were slightly more female
patients than male patients, reflecting the sex distribution in
the total patient population studied. The median age of the
female patients (65 years) was slightly higher than that of
male patients (60 years), and the interquartile ranges were
comparable.

In this group, the thoracic aortic diameter was 34 [31; 37];
20-50 mm in female patients and 36 [33; 39]; 24—60 mm in
male patients.

Significant (p<0.001) differences in age and maximum
thoracic aortic diameter were found between the male and
female patients. A pronounced association of the thoracic aortic
diameter and age was found in male and female patients. In
male patients, relative age-related changes in the thoracic
aortic diameter are more pronounced at 0.177 mm/year; in
female patients, this parameter was 0.118 mm/year.

DISCUSSION

Result summary

The analysis showed no significant differences (p >0.05)
in age or maximum thoracic aortic diameter between male
and female patients with aortic aneurysms (n = 75). In the
sample including 968 patients (randomly selected from the
total sample), significant differences (p<0.001) in age and
maximum thoracic aortic diameter were found between
male and female patients. This highlights the need for age
and sex standards to describe the distribution by age. In
addition, well-designed studies are necessary for a more
comprehensive analysis of the observed trends.

Discussion of study findings

An increase in the detection rate of aneurysms in a
retrospective study employing an Al algorithm confirms the
efficacy and feasibility of this approach in clinical practice,
e.g., as an accessory tool for radiologists during the primary
assessment of X-ray findings. However, the software also
provided some false positive results. Methods to minimize
such errors by monitoring and fine-tuning the algorithm have
been reported [20-22].

According to the literature, a positive correlation existed
between age and thoracic aortic diameter. Men generally
have larger thoracic aortic diameters than women [18], as
well as a more pronounced association between age and
thoracic aortic diameter [19], which is consistent with the
statistical analysis findings in this study.

Physicians are at risk of missing clinically significant
conditions for various reasons, including professional burnout
(e.g., following the COVID-19 pandemic), increasing workload,
and medical personnel shortage. This is another argument in
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favor of using Al technology as a medical decision support
system for radiologists when assessing chest CT scans. Al
technology can improve the detection rate and reduce the
number of missed clinically significant pathologies [23].

The domestic Al technology used in this study is not the
only one in the world, and quality metrics can be used when
selecting Al algorithms. Foreign analogs of Al technology are
also available for automatic measurement of the thoracic
aortic diameter and detection of aneurysms; these solutions
allow avoiding errors and can be used in opportunistic
screening [24, 25].

According to the literature, Al technology helps
radiologists reduce the time spent on detecting pathologies
in X-ray images [26, 27].

Al-based solutions are a promising tool for aortic
measurements [28]. However, the accuracy of these
measurements must be confirmed by further research.
This study demonstrates that although Al cannot replace
physicians, it can aid radiologists by warning them of potential
aortic pathologies, allowing them to avoid missing clinically
relevant abnormalities. Radiologists must understand the
principle of Al technology operation and possible errors
when analyzing study findings [29-33]. Thus, the use of Al in
medicine can be a valuable tool in detecting thoracic aortic
aneurysms. Accordingly, Al technology must be used to
detect abnormal thoracic aortic dilatation during the primary
assessment of X-ray findings and in retrospective analysis
to reduce the risk of missing clinically significant changes.

CONCLUSIONS

The use of Al technology during the primary assessment
of chest CT images and for expanded opportunistic screening
may improve the diagnosis of clinically significant pathologies,
such as thoracic aortic aneurysms, and prevent unfavorable
outcomes. Further optimization of the routing in this patient
population requiring urgent medical intervention for timely
surgical treatment is crucial. Thus, population reference
values for thoracic aortic diameter must be established to
adjust the diagnostic criteria for this condition.
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