L))

Check for
updat

Original Article

Cardiologist user experience of artificial intelligence-based
quantitative coronary angiography

Ohchul Kwon'?, Hyuck-Jun Yoon’, Jung-Hee Lee’, Jun Hwan Cho’, Yongcheol Kim’, Jon Suh®,
Sang Yeub Lee®, In Tae Moon’, Donghoon Han®, Jang Hoon Lee’, Ho-Jun Jang'’?, Si-Hyuck Kang'*

'Cardiovascular Center, Division of Cardiology, Department of Internal Medicine, Seoul National University Bundang Hospital, Seoul National
University College of Medicine, Seongnam, Republic of Korea; *Division of Cardiology, Department of Internal Medicine, Keimyung University
Dongsan Hospital, Daegu, Republic of Korea; *Division of Cardiology, Department of Internal Medicine, Wonju Severance Christian Hospital,
Yonsei University Wonju College of Medicine, Wonju, Republic of Korea; *Division of Cardiology, Department of Internal Medicine, Chung-Ang
University Gwangmyeong Hospital, Gwangmyeong, Republic of Korea; *Yonsei University College of Medicine and Cardiovascular Center, Yongin
Severance Hospital, Yongin, Republic of Korea; ‘Department of Cardiology, Soon Chun Hyang University Hospital Bucheon, Bucheon, Republic of
Korea; Division of Cardiology, Department of Internal Medicine, Uijeongbu Eulji University Hospital, Uijeongbu, Republic of Korea; *Division of
Cardiology, Department of Internal Medicine, Kangnam Sacred Heart Hospital, Seoul, Republic of Korea; *Division of Cardiology, Department of
Internal Medicine, Kyungpook National University Hospital, Daegu, Republic of Korea; "“Division of Cardiology, Department of Internal Medicine,
Bucheon Sejong Hospital, Bucheon, Republic of Korea

Contributions: (I) Conception and design: SH Kang; (II) Administrative support: O Kwon, SH Kang; (IIT) Provision of study materials or patients: HJ
Yoon, Jung Hee Lee, JH Cho, Y Kim, J Suh, SY Lee, I'T Moon, D Han, Jang Hoon Lee, HJ Jang; (IV) Collection and assembly of data: SH Kang; (V)
Data analysis and interpretation: O Kwon; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Si-Hyuck Kang, MD, PhD. Associate Professor, Cardiovascular Center, Division of Cardiology, Department of Internal Medicine,
Seoul National University Bundang Hospital, Seoul National University College of Medicine, Gumiro 166, Bundang, Seongnam, Gyeonggi-do,
Republic of Korea. Email: eandp303@gmail.com.

Background: Artificial intelligence-assisted quantitative coronary angiography (AI-QCA) has been
developed to enable the automated, objective assessment of coronary artery stenosis without human
intervention. Previous studies have shown its accuracy compared with manual QCA and intravascular
ultrasound. In this study, we aimed to evaluate cardiologists’ experience of analyzing coronary lesions with
AI-QCA.

Methods: Ten board-certified cardiologists from multiple centers specializing in coronary intervention,
with varying periods of experience, participated in this study. They analyzed angiograms from 180 patients
with marked coronary stenosis requiring coronary revascularization. Correlations between manual QCA and
AI-QCA were measured by using Pearson’s or Spearman’s correlation coefficients.

Results: The average System Usability Scale (SUS) score was 66.7, indicating marginal high acceptability.
The angiographic frame selected by the cardiologists with AI-QCA assistance was within five frames of
that elected by the QCA analyst in 64.2% of cases. Furthermore, the time taken by cardiologists to analyze
angiograms with AI-QCA assistance was 1.50.9 s, significantly lower than that required by an expert
analyst to perform manual QCA (88.135.5 s, P<0.001). Key angiographic variables, such as reference vessel
diameter (RD), minimal lumen diameter (MLD), diameter stenosis (DS), and lesional length (LL), showed
moderate-to-strong correlations between AI-QCA and manual QCA (e.g., distal reference diameter, R=0.74).
Conclusions: This prospective study showed that automated analysis with AI-QCA can be performed with
an acceptable user experience as well as minimal human intervention and little additional time. Therefore,
the application of AI-QCA in the Cath lab is feasible and potentially helpful during coronary angiography
(CAG) and intervention.
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Introduction

Quantitative coronary angiography (QCA) is a guidance
tool that quantifies the severity and characteristic features
of coronary artery stenosis using two-dimensional static
images obtained during coronary angiography (CAG) (1).
In addition to the operator’s visual estimation and
experience, it provides an objective assessment of coronary
artery stenosis and helps with the accurate performance
of coronary interventions (2). However, its use in clinical
practice has been limited because an experienced staff
member needs to operate the workstation and measure the
pathologic coronary anatomy.

Therefore, artificial intelligence (Al)-assisted QCA has
recently been introduced to address this limitation (3).
This new technology enables automated real-time QCA
analysis with little need for human intervention. A previous
study revealed that AI-QCA demonstrated high sensitivity
in lesion detection and strong correlations with manual
QCA (4). Furthermore, a previous study has proven its
accuracy compared with manual QCA and intravascular
ultrasound (5).

This study was, therefore, designed to describe
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cardiologists’ user patterns and experience with AI-QCA.
Interventional cardiologists with varying levels of experience
participated in this study and evaluated angiography results,
which were prospectively collected. We also compared
the time spent in AI-QCA vs. manual QCA, and the
angiographic parameters between the two modalities.
We present this article in accordance with the STROBE
reporting checklist (available at https://cdt.amegroups.com/
article/view/10.21037/cdt-2025-269/rc).

Methods
Study design

This prospective study was designed to assess the user
experience of interventional cardiologists using AI-QCA
software (trial registration number: B-2202-739-303).
Ten board-certified cardiologists specializing in coronary
intervention with varying periods of experience were
enrolled from ten cardiology centers in Korea; informed
consent was obtained from all participants. A coronary
angiogram was prospectively acquired from 200 patients
from the participating centers. The coronary angiograms
were randomly assigned to the participating physicians,
who were asked to analyze the images using AI-QCA
(MPXA-2000, Medipixel Inc., Seoul, Republic of Korea).
In addition, a QCA expert performed manual QCA analysis
using dedicated software (CAAS, Pie Medical Imaging,
Maastricht, Netherlands).

All procedures performed in this study were conducted
in accordance with the Declaration of Helsinki and its
subsequent amendments. The institutional review board or
ethics committee at each participating hospital approved the
study protocol for the study. A list of the ethics committee
is available upon request.

Study process

CAG images were collected prospectively from patients who
underwent CAG and who had provided written consent.
Patients were enrolled from nine participating centers.
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Figure 1 Screen captures of a representative case assessment using artificial intelligence-assisted quantitative coronary analysis software.

CAU, caudal; CF, calibration factor; CRA, cranial; DS, diameter stenosis; LAD, left anterior descending artery; LAO, left anterior oblique;

LCX, left circumflex artery; LM, left main coronary artery; MLD, minimal lumen diameter; RAO, right anterior oblique; RCA, right

coronary artery; RD, reference vessel diameter.

The critical inclusion criterion was stable coronary disease
with single-vessel disease (Table S1). Patients with acute
coronary syndrome, poor image quality on CAG, stenotic
blood vessel lumen diameter less than 2.5 mm, indefinite
normal vessel segments, and very long diffuse lesions were
excluded. Stratification was applied to ensure the inclusion
of minimum case numbers of the left circumflex and right
coronary arteries. The organizing committee collected
de-identified CAG images, which were sent to one QCA
expert. The QCA expert selected the best view and frame
and performed manual QCA using CAAS software (Pie
Medical Imaging, Maastricht, Netherlands). The analysis
time was recorded using a stopwatch.

© AME Publishing Company.

Coronary angiograms were then randomly allocated
to the study physicians. While angiograms from a center
were not assigned to a physician from the same center,
simple random sampling was done with no stratification.
Cardiologists were requested to evaluate the angiogram
images using the MPXA-2000 software (Figure 1).
Information on the best angle and frame selected by the
manual QCA analyst was provided; however, the Al-
QCA-assisted analysis was fully at the discretion of the
cardiologists. Prior to analysis, Digital Imaging and
Communications in Medicine (DICOM) files must be
uploaded via the web-based AI-QCA platform. The optimal
frame for QCA analysis is automatically recommended

Cardiovasc Diagn Ther 2025;15(6):1113-1121 | https://dx.doi.org/10.21037/cdt-2025-269


https://cdn.amegroups.cn/static/public/CDT-2025-269-Supplementary.pdf

1116

by the system. AI-QCA is performed to identify the most
severe lesion, with P and D representing proximal and
distal reference segments, respectively. Lumen diameter
measurements along the vessel length are calculated and
displayed. Coronary branch analysis results are presented
(Figure S1). The editing of lesion and vessel contours was
allowed. Furthermore, usage patterns, such as the selection
of view angle and frame, and analysis time extracted, were
collected from log data.

System Usability Scale (SUS)

The usage patterns and experience with using the MPXA-
2000 algorithm were evaluated through a questionnaire
based on the SUS, comprising ten questions, which were
presented to each expert (6). SUS is considered as a reliable
and valid measure of perceived usability. Questionnaires
were completed online by the ten study cardiologists, and
the acceptability of the AI-QCA results was graded as not
acceptable, marginal low, marginal high, or acceptable, as
previously described as an empirical evaluation (7).

Angiographic parameters

QCA variables included minimum luminal diameter,
reference diameter, proximal reference diameter to the
stenotic lesion, distal reference diameter to the stenotic
lesion, percent diameter stenosis, and lesion length (8).
The sample size for this study was determined empirically,
given its exploratory nature, focusing on physicians’ user
experience, rather than testing a pre-specified statistical
hypothesis.

Statistical analysis

The relationship between AI-QCA and manual QCA was
investigated by creating scatter plots and performing Bland-
Altman analysis to assess agreement between AI-QCA
and manual QCA, with correlation coefficients calculated.
However, the correlation between AI-QCA and manual
QCA was assessed using Pearson’s or Spearman’s correlation
coefficients, depending on the normality of the distribution
of the tested variables, as determined using the Shapiro-
Wilk test. Correlation strength between AI-QCA and
manual QCA measurements was interpreted as very strong
(R=0.90-1.00), strong (R=0.70-0.89), moderate (R=0.40-
0.69), weak (R=0.10-0.39), and negligible (R=0.00-0.10) (9).

Statistical significance was set at two-sided P values

© AME Publishing Company.
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<0.05, and all statistical analyses were conducted using
R programming version 4.4.1 (The R Foundation for
Statistical Computing).

Results
Characteristics of participating physicians and patients

Ten board-certified interventional cardiologists, with
varying degrees of experience, participated: five had
>10 years of experience as an independent operator, four
had 5-9 years of experience, and one had <5 years of
experience. Overall, 193 patients were enrolled between
February 2022 and December 2023. Angiograms of eleven
patients were excluded from the analysis as three had total
occlusions, two had vessel diameters <2.5 mm, two had
calibration factor errors, three had extreme anatomical
conditions such as aneurysms, and one was not analyzable
due to poor image quality. Two patients were excluded
from statistical analysis due to measurements that exceeded
the predetermined threshold established in the study
protocol. Therefore, the angiograms of 180 patients were
finally analyzed (Figure S2). Table I shows the baseline
characteristics of the study population. Their mean age was
64.9+9.9 years, and 76.5% were male. The study design
mandated that every patient had a single-vessel disease.
The distribution of stenotic lesions was 65.8% in the left
anterior descending artery; 12.4% in the left circumflex
artery; and 21.8% in the right coronary artery. The average
percent diameter stenosis, reference diameter, and lesion
length were 70%, 2.9 mm, and 22 mm, respectively.

User experience and system usability scale of AI-QCA

Cardiologists that used AI-QCA selected the same view
as the manual QCA analyst for 146 of the 180 (81.1%)
angiograms. Angiographic frames selected by cardiologists
using AI-QCA were within five frames of those chosen
by manual QCA analysts in 65% (117/180) of cases,
demonstrating similar frame selection patterns between the
two methods. Furthermore, the time spent on AI-QCA for
total cohort (n=180) was significantly lower than that for
manual QCA (1.5+0.9 vs. 88.1£35.5 s, P<0.001) (Figure 2).
The average SUS score among the participating
cardiologists was 66.7, indicating marginally high
acceptability (one cardiologist was excluded due to
relocation to another institution). Notably, 3 (33.3%), 3
(33.3%), 1 (11.1%), and 2 (22.2%) of the nine respondents
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Table 1 Baseline characteristics of study patients (n=180)

Characteristics Values
Age, years 64.9+9.90
Men 146 (81.1)
Hypertension 118 (61.1)
Diabetes mellitus 71 (36.8)
Hyperlipidemia 120 (62.2)
Chronic kidney disease 6 (3.1)
Lesion location
LAD 127 (65.8)
LCX 24 (12.4)
RCA 42 (21.8)
Angiographic variables’
MLD, mm 0.86+039
PRD, mm 3.07+0.56
DRD, mm 2.67+0.54
RD, mm 2.9+0.5
DS, % 69.7+12.5
LL, mm 22.48+9.26

Data are shown as mean = standard deviation or N (%). T,
angiographic measurement was done using manual quantitative
coronary angiography software (CAAS, Pie Medical Imaging,
Maastricht, Netherlands). DRD, distal reference diameter;
DS, diameter stenosis; LAD, left anterior descending artery;
LCX, left circumflex artery; LL, lesional length; MLD, minimal
lumen diameter; PRD, proximal reference diameter; RCA, right
coronary artery; RD, reference diameter.

considered the system acceptable, marginally high, low
marginal, and not acceptable, respectively. The mean SUS
score was 73.2 after excluding the two outliers, which
indicated an acceptable user experience.

Angiographic measurements using AI-QCA and
manual QCA

Figures 3,4 show the scatterplots and Bland-Altman analysis
for angiographic variables obtained using AI-QCA and
manual QCA for the total cohort (n=180). Among the
measured parameters, distal reference diameter to stenotic
lesion (DRD) showed a strong correlation between the two
QCA methods, whereas minimal lumen diameter (MLD),
reference diameter (RD), proximal reference diameter

© AME Publishing Company.
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Analysis time by manual QCA or Al-QCA
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Figure 2 Time spent on Al-assisted QCA and manual QCA. Al,
artificial intelligence; QCA, quantitative coronary angiography.

(PRD), diameter stenosis (DS), and lesional length (LL)
demonstrated moderate correlations. Furthermore,
sensitivity analyses with 146 angiograms in which the same
view was selected between the two modalities showed
similar results (Figures S3,54).

Discussion

This prospective study evaluated cardiologists’ experience
using AI-QCA. Participating cardiologists generally
reported satisfactory user experience and acceptable
usability. Cardiologists accepted the frame number
and made few changes to the lesion segmentation in
approximately two-thirds of the angiograms performed
using the AI-QCA algorithm. Therefore, our results
revealed that the time for lesion analysis was significantly
reduced with the use of AI-QCA compared with manual
QCA. Lesion analysis with AI-QCA required minimal
human intervention, and critical parameters on coronary
plaque analyses were similar to those obtained with manual
analyses.

Analysis on CAG poses inherent challenges such as
cardiac motion blur, the need for radiation and radiocontrast
dye, and radiographic attenuation by anatomical structures
(e.g., ribs and vertebrae). Al has been increasingly utilized in
clinical medicine as it helps humans perform specific tasks,
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Figure 3 Scatter plot showing correlation of six measured QCA param
PRD, (D) DRD, (E) percent DS, and (F) LL. Al, artificial intelligence

eters between manual QCA and AI-QCA: (A) MLD, (B) RD, (C)
; DRD, distal reference diameter to stenotic lesion; DS, diameter

stenosis; LL, lesional length; MLD, minimum lumen diameter; PRD, proximal reference diameter to stenotic lesion; QCA, quantitative

coronary angiography; RD, reference vessel diameter.

and reduces repetitive work (10). Notably, recent studies
have attempted automated coronary analysis using advanced
machine learning techniques (10-13). While accuracy and
interobserver variability have been tested, no previous
studies have evaluated real-world acceptance by clinicians.
However, to our knowledge, the AI-QCA system
tested in this study is the first commercialized product
for CAG analysis. The core algorithm is based on deep
learning networks trained on angiographic images of 3,302
diseased major vessels from 2,042 patients (3). The final
product further incorporates an ensemble architecture that
integrates three neural networks for semantic segmentation
(U-Net++, U2-Net, and DeepLabV3+) (3,5). Kim er al.
showed that AI-QCA presents a sensitivity of 89% in
lesion detection and strong correlations with manual
QCA (4). Furthermore, Moon et 4/. compared AI-QCA
measurements of coronary artery lesions with conventional
invasive measurement tools such as intravascular ultrasound,
reporting a moderate-to-strong correlation with IVUS in

analyzing coronary lesions with significant stenosis (5). In
addition, a randomized controlled trial demonstrated that
AI-QCA-assisted coronary intervention was not inferior to
intervention guided by optical coherence tomography in
terms of minimal stent area (14,15).

Our results demonstrated an acceptable user experience
among interventional cardiologists using the AI-QCA
software. Notably, the biggest advantage of using the
software was the reduced analysis time. The additional
processing time required for AI-QCA was negligible when
compared to manual QCA, requiring approximately 1.5 min
per analysis. Another advantage was flexibility. Users
could freely choose an appropriate angle and frame for
quantitative analysis, which did not differ remarkably from
that performed by a dedicated analyst. The perceived
usability varied widely across respondents, whereas the
average SUS score indicated marginally high acceptability.
This may be attributable to the high flexibility of the
platform. Notably, a user can select many options and tools
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distal reference diameter to stenotic lesion; DS, diameter stenosis; LL, lesional length; MLD, minimum lumen diameter; PRD, proximal

reference diameter to stenotic lesion; QCA, quantitative coronary angiography; RD, reference vessel diameter.

to optimize angiographic analysis. Furthermore, some
cardiologists may accept it easily, whereas others, who are
not familiar with the traditional QCA process, may find it
complicated or difficult to learn. There were two outliers
out of nine participants, who apparently had trouble
handling the web-based software and gave extremely low
scores. In the meantime, there was a small variation in
scores across the 10 questions. After excluding the two
outliers, the mean SUS score indicated an acceptable user
experience.

This study offers insights into integrating AI-QCA
into clinical practice. The Al-assisted technology has the
potential to reduce healthcare personnel’s time by offering
consistent lesion identification and analysis. However, our
findings also highlight areas for improving user experience.
Workflow convenience is crucial for physicians’ adoption,
particularly in streamlining the process from CAG image
acquisition to automated lesion analysis. While steps such

© AME Publishing Company.

as sign-in, image selection, frame selection, segmentation
contour confirmation were necessary for this study, they
may have impeded physicians’ user experience. Additional
potential barriers include the need for training and
associated costs. It needs to be tested in future studies if
improvements in user interface, training, or integration into
clinical workflow would enhance user experience.

This study has some limitations. The sample size was
relatively small, and the study cardiologists were recruited
from a single geographic region. Patients with simple, stable
coronary lesions were enrolled in this study; cases involving
total occlusion or diffuse coronary lesions were excluded.
Therefore, the study’s findings are not generalizable to
more complex lesions or acute coronary syndrome. SUS
is widely used and technologically-agnostic; however, it
omits essential information specific to an interface type (16).
As number of participating cardiologists were small, the
average SUS score result may not represent universal
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user experiences. Furthermore, although we assessed user
experience on the web version of the software, further
studies should test how clinical implementation may
help physicians perform coronary angiographies and
interventions.

Conclusions

This prospective study showed that automated QCA
could be performed with minimal human intervention and
reduced time, compared with traditional manual QCA.
Participating cardiologists perceived the usability of the
software as marginally highly acceptable. Angiographic
parameters acquired with the assistance of AI-QCA
were comparable to those acquired with manual QCA.
Therefore, the application of AI-QCA in the Cath lab may
be feasible and helpful during coronary angiographies and

interventions.
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