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ABSTRACT

Aims We sought to determine the diagnostic
performance, clinical profiles and outcomes of anomalous
aortic origin of coronary arteries (AAOCA) using a
standardised echocardiographic approach in young adults
and athletes.
Methods In 2015–2019, we screened 5998 outpatients
(age 16 years (Q1–Q3: 11, 36)), referred for routine
echocardiography, using four specific echocardiographic
windows: parasternal short/long axis and apical
4/5-chambers view. Coronary CT confirmed AAOCA. For
the performance analysis, 300 coronary-CT scans were
available; two independent and double-blinded physicians
retrospectively reviewed echocardiographic images.
Results A total of 47 AAOCA was diagnosed; the overall
prevalence was 0.0078%. Over 5 years, we found a
significant increment of AAOCA diagnostic rate (P for
trend=0.002). Syncope (n=17/47) and palpitations
(n=6/47) were prevalent symptoms. All patients suspended
sports activity at the diagnosis. Twenty-seven patients
underwent surgery, while 20 underwent a conservative
medical treatment. All patients are alive at a median
follow-up of 3±1.6 years; only surgical repairs restarted
their activity. Our method showed better sensitivity than
traditional short-axis evaluation: 93% vs 83%, p=0.0030
(AUC 0.96 (95% CI 0.92, 0.99) and AUC 0.89 (95% CI 0.83,
0.95), respectively), with a good interobserver agreement
(95%, k=0.83, p<0.001).
Conclusions The application of a standardised
echocardiographic approach for AAOCA detection led
to a significantly increased rate of identified anomalies.
This approach demonstrated higher sensitivity than the
traditional echocardiographic assessment. Implementing
this protocol in clinical practice may help improve the
AAOCA diagnosis in young adults and athletes.
Trial registration number NCT04224090.

INTRODUCTION
The anomalous aortic origin of coronary
arteries (AAOCA) is a rare congenital condition, accounting for abnormalities of origin,
course, destination, size and number of the
coronary vessels.1 The prevalence of the
AAOCA is unclear; it ranges from 0.021% to

Key questions
What is already known about this subject?
►► Anomalous aortic origin of coronary arteries (AAOCA)

can result in sudden cardiac death, and echocardiography is usually the first imaging test used for
screening unless it holds poor sensitivity.

What does this study add?
►► We demonstrate that a standardised and routinely

performed approach can ameliorate the sensitivity
of the sonographic evaluation of the AAOCA.

How might this impact on clinical practice?
►► A comprehensive study of the morphological fea-

tures of AAOCA, based on four specific echocardiographic views that we adopted, can be used to
increase the sensibility of this examination and the
number of AAOCA diagnosed.

5.79%, depending on the imaging techniques
used for the diagnosis: coronary angiography,
cardiac magnetic resonance (CMR), CT or
based
echocardiography.1 Though, autopsy-
study and case series of patients that experienced sudden cardiac death (SCD) due to
AAOCA generally present higher frequency
than imaging ones.1 2
The diagnosis and the screening of AAOCA
can be difficult.3 The ECG is often normal or
presents unspecific signs.4 Therefore, a high
diagnostic suspicion is required to refer children and adolescents to invasive and ionising
examinations (CT or angiography).5 In this
context, echocardiography has always been
considered the method of screening and
diagnosis with the most limited accuracy.
However, this examination is the first-
line
test recommended and prescribed by physicians when a congenital cardiac abnormality
is suspected.1 6
To overcome these limitations, we
designed, studied and implemented a specific
echocardiographic 4-views-based approach
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METHODS
Study population and design
The present study is a single-centre retrospective analysis. We tested the diagnostic performance of our
echocardiographic-
based approach for AAOCA detection and examined the clinical profiles and outcomes
of the AAOCA diagnosed within these examinations. A
comprehensive flow chart is presented in figure 1.
In 2015–2019, 5998 outpatients (16 years old (Q1–Q3:
11, 36)), both young adults and athletes, underwent
routine echocardiography in our department due to the
mandatory cardiovascular screening programme for the
eligibility assessment to non-competitive or competitive
sports activity.
The echocardiographic-
based approach for AAOCA
detection was systematically implemented in the department since January 2015. For our purposes, we considered only patients undergoing their first examination
and thus excluded bicuspid aortic valves, known or newly
discovered, already known structural or congenital heart
disease, cardiomyopathies and all their longitudinal
follow-up echocardiographic examinations.
All the suspected AAOCA (N=57) were referred for a
coronary-CT confirmation. For the performance analysis,
243 consecutive additional patients were also asked to
undergo a coronary-CT scan. A total of 300 coronary-CT
scans was achieved. Confirmed AAOCA were then
followed-up for a median time of 3±1.6 years.
In agreement with the Declaration of Helsinki, all
patients enrolled gave written informed consent at the
time of their evaluation, stating that data and images may
be subsequently used for research purposes. For participants under 18 years old, a parent and/or the legal tutor
gave informed consent.

Figure 1 Study design. AAOCA, anomalous aortic origin of
coronary arteries; ALCAPA, aortic left coronary artery from
the pulmonary artery; ARCAPA, aortic right coronary artery
from the pulmonary artery. BAV, biscuspid aortic valve; CHD,
congenital heart disease.

2

Since the observational nature of the study, no ethical
committee approval was required.
Anomalous aortic origin of coronary arteries definition
Coronary arteries are traditionally defined as normal
when arising from the appropriate sinus of valsalva (right
or left), presented a proper course (the right coronary
artery (RCA) in the right atrioventricular groove; the
left anterior descending (LAD) in the anterior interventricular groove, and the left circumflex (LCX) in the left
atrioventricular groove) and terminated in the capillary
bed.7 8
For the present analysis, AAOCA were defined as
anatomic variants differing from the anatomy mentioned
above. In particular, the anomalous origin of the right coronary artery (AORCA) when RCA originated from the left
coronary sinus of the aorta, or the non-coronary sinus, and
the anomalous origin of the left coronary artery (AOLCA)
when LAD or LCX originated from the right coronary
sinus of the aorta or the non-coronary sinus. AAOCA, both
AORCA and AOLCA, were also considered the coronary
arteries arising from the aorta by a separate ostium, shared
or common ostium, or as branch vessels. Besides, AAOCA
were also defined as the coronary arteries that originated
directly from the ascending aorta instead of valsalva’s
sinus.8 9
The aortic coronary arteries from the pulmonary artery
(ACAPA) were also identified and defined as the coronary artery with an origin from the pulmonary artery:
ARCAPA for the right coronary artery and ALCAPA for
the left one.3 10
Echocardiography
All the echocardiographic studies were performed using
a commercially available Philips iE33 ultrasound systems
(Philips Medical Systems, Amsterdam, The Netherlands), using a 2.5 or 3.5 MHz transducer, as appropriate.
Images were acquired at a frame rate of 70–80 frames/s,
applying a standard two‐dimensional greyscale. Images
of three consecutive heart cycles were collected from the
parasternal short axis (PSAX) and long‐axis (PLAX), and
the 4/5-chambers apical views.10 11
A standardised approach for the assessment of AAOCA
Our method consisted of the visualisation of the coronary
arteries from four focused-specific views: PSAX, the traditional approach,3 11 along with the PLAX, and the apical
4-
chambers and 5-
chambers view (figure 2).3 12 Both
two-
dimensional echocardiography and color-
Doppler
imaging were used to visualise the coronary arteries. Since
the coronaries usually have low-velocity flow, the Nyquist
limit was decreased to 20–40 cm/s, as recommended.11
A hallmark of AAOCA was considered the absence
of a proper visualisation of the origin of the coronary
arteries from the aortic root (figure 3, panels A and B) at
the PSAX.3 12 In addition, their origin and the proximal
course can be evaluated from the apical 5-chambers view,
focused again on the aortic root (figure 3, panel E).
Bianco F, et al. Open Heart 2021;8:e001495. doi:10.1136/openhrt-2020-001495
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to diagnose AAOCA. Therefore, our study aimed to
assess the diagnostic performance, clinical profiles and
outcomes of AAOCA using this standardised echocardiographic approach in young adults and athletes.
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We also evaluated the presence of the so-called ring sign; if
present, it can be visualised from the PLAX (figure 3, panel
D) and should be interpreted as atypical.11 13 This sign is of
interest when an aberrant left or right AAOCA is suspected.
A coronary artery originating from the contralateral aortic
sinus, along its intramural course, crosses the mid-anterior
line of the circular aorta to reach the sinus of valsalva of its
intended origin. Consequently, its cross-section should be

visible in an orthogonal view traversing the mid-long axis of
the aorta, namely, the parasternal long-axis view.3 12 13
In normal conditions, by tilting the transducer posteriorly from the PLAX, and focusing on the RVOT, it
is possible to image the left main and the left anterior
descending (figure 3, panel C). An AOLCA with the
LAD originating from the right sinus of valsalva should
be suspected from this view in the presence of LAD and

Figure 3 Two-dimensional echocardiographic 4-view approach for AAOCA detection: abnormal examinations and their
anatomic correlates. AO, aorta; AOLCA, anomalous origin of the left coronary artery; AORCA, anomalous origin of the right
coronary artery; Ap-4Ch-view, apical four chambers view; Ap-5Ch-view, apical five chambers view; LA, left atrium; LAD, left
anterior descending; LCX, left circumflex artery; LV, left ventricle; PLAX, parasternal long-axis view; PSAX, parasternal short-
axis view; RCA, right coronary artery; RV, right ventricle; RVOT, right ventricular outflow tract.
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Figure 2 Two-dimensional echocardiographic 4-view approach for AAOCA detection: normal examination. Panel A: PSAX
view. Panel B: PLAX view. Panel C: Ap-5Ch-view. Panel D: Ap-4Ch-view. AAOCA, anomalous aortic origin of coronary arteries;
AO, aorta; Ap-4Ch-view apical four chambers view; Ap-5Ch-view, apical five chambers view; LA, left atrium; LAD, left anterior
descending; LV, left ventricle; PLAX, parasternal long-axis view; PSAX, parasternal short-axis view; RA, right atrium; RCA, right
coronary artery; RV, right ventricle; RVOT, right ventricular outflow tract. Modified from Lorber, R. et al.6 JACC Cardiovascular
Imaging 2015;8:1239–49.
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Coronary CT
All coronary-CT examinations were obtained using a 384
(192×2)-slices third-generation scanner (SOMATOM Force
CT; Siemens Healthineers, Forchheim, Germany). Images
were acquired at the isotropic resolution of 0.5–0.75 mm
in a 25 cm field of view. Patients received a non-ionic low-
osmolality contrast agent (iodixanol; GE Healthcare Life
Sciences, Chalfont, UK), with a volume of 30–120 mL
(1–1.5 mL/kg) and flow injection rate of 3–5 mL/s,
followed by saline injection administered intravenously
using a power injector at same volume and velocity.5 A
bolus triggering was used to scan initiation. The scans were
acquired with a 70–120 kV of tube voltage with an automatic tube current modulation technique (CAREdose). A
retrospective ECG-triggered axial coronary protocol was
applied.5
Performance analysis
According to our internal policy, echocardiographic
and CT images are stored and available in our Institutes' Core Lab for further analysis. Two independent
physicians (MP and ACB), both experts in echocardiography and AAOCA, retrospectively reviewed the 5998
echocardiographic images and re-examined them in a
double-blinded fashion from the coronary-CT examinations and diagnosis, ignoring the aim of this re-examination. For the performance analysis, 300 coronary-CT
scans were available and were considered as the gold
standard.
Separately for each patient, the physicians reviewed
both the short-axis view, focused on the aortic root (two-
dimensional images only and images with colour, the
traditional approach for AAOCA detection)1 6 11 and our
proposed method (based on the visualisation of four standardised echocardiographic views); then, were asked to
decide if the coronary anatomy can be considered as usual
or not. The physicians can access the full echocardiographic
examination, except the specific 4-views, while examining
the traditional approach. A QLab software (Philips Medical
Systems, Amsterdam, The Netherlands) was used for the
offline retrospective analysis.
4

Statistical analysis
Categorical variables are expressed as percentages, while
continuous variables as mean and SD (±SD) or median and
IQR (Q1, Q3), as appropriate. The prevalence was derived
by comparing the number of people found to have an
AAOCA with the total number of people studied. The incidence was estimated as the prevalence per year.
Statistical comparisons between continuous variables (the
number of AAOCA, misdiagnosis and types of AAOCA)
across the 5-year period of investigation were made with
the non-parametric trend test. Continuous variables were
compared by the Student’s t-test or non-parametric, while
categorical variables were compared by the χ2 test or
Fisher’s exact test, when appropriate. Receiver operating
curve characteristics were used to assess the sensibility
and specificity of each method (the traditional PSAX and
the proposed 4-views approach) and compared through
regression analysis.
The interobserver agreement for the adjudicated double-
blinded retrospective diagnosis was assessed by means of
the kappa (k) statistic coefficient. A k of 1 indicated perfect
agreement, a k of 0 indicates poor agreement, the associated significance of the p value indicated that the estimated
k was not caused by chance alone.
A two-tailed p value of 0.05 was considered statistically
significant. All statistical analyses were performed with Stata
V.14.1 (Stata Corp, College Station, Texas, USA) and Prism
V.8.0 (GraphPad Software, La Jolla, California, USA).
RESULTS
General characteristics
In our cohort, coronary abnormalities were suspected in
62 patients using echocardiography. Of them, five were
diagnosed as ARCAPA or ALCAPA; the echocardiograms
were considered as exhaustive, without the need for further
investigations. The latter underwent surgery for coronary
repair. Besides, 57 patients underwent a coronary-CT scan
for the diagnosis confirmation of AAOCA. These examinations discovered 10 false positives, while a total of 47
AAOCA were confirmed.
The overall prevalence of AAOCA was 0.0078%, with
0.0015% of incidence. The 22.8% (n=13/47) AAOLCA),
while the 59.6% (n=34/47) were AAORCA. The RCA
from the left coronary sinus with an inter-arterial course
was the most frequent AAOCA 56.1% (N=37). Regarding
AAOLCA, the LCX from the right coronary sinus with a
retro-aortic course (8.8%, N=5) was the most frequent.
Echocardiographic screening results
After the implementation in 2015 of our echocardiographic-
based method of diagnosis, we found a progressive
increment of the number of the AAOCA identified (P
for trend=0.002), growing progressively through the
years 2015–2019 (table 1). A rise not accompanied by an
increased number of misdiagnosis (P for trend=0.20). Of
note, we observed that our method determined a significant progression of the AAOCA diagnosis: both AOLCA
Bianco F, et al. Open Heart 2021;8:e001495. doi:10.1136/openhrt-2020-001495
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RCA displayed contemporarily (figure 3, panel C).3
Besides, its absence can be pathognomonic LAD agenesis
or hypoplasia.11
From the apical 4-chambers view, if a coronary artery
is visualised running through the left atrioventricular
groove (figure 3, panel F), instead of the right atrioventricular one (figure 2, panel D), a coronary retro aortic
course could be suspected in both cases: LCX or LAD
from the right coronary sinus.6 11
Usually, ACAPA are rare and do not present with a
predictable pattern imaged with specific echocardiographic views.3 11 For ACAPA, the absence of one coronary artery from the aortic root and its appearance at the
pulmonary artery level is very suggestive and used for this
analysis.3 11

Congenital heart disease

Total

2015

2016

2017

2018

2019

(N=5998)

(N=1065)

(N=1165)

(N=1171)

(N=1562)

(N=1035)

P for trend

Diagnosis
AAOCA, n (%)

47 (0.8 %)

3 (0.3 %)

6 (0.5 %)

10 (0.9 %)

12 (0.8 %)

16 (1.5%)

0.002

Misdiagnosis, n (%)

10 (0.2 %)

3 (0.3 %)

2 (0.2 %)

2 (0.2 %)

3 (0.3 %)

0 (0.0 %)

0.20

13 (0.2 %)
34 (0.6 %)

0 (0.0 %)
3 (0.3 %)

1 (0.1 %)
5 (0.4 %)

3 (0.3 %)
7 (0.6 %)

3 (0.2 %)
9 (0.6 %)

6 (0.6 %)
10 (1.0 %)

0.007
0.042

Types of AAOCA
AOLCA, n (%)
AORCA, n (%)

Data are categorical and described as counts (proportions).
AAOCA, anomalous aortic origin of coronary arteries; AOLCA, anomalous origin of the left coronary artery; AORCA, anomalous origin of the
right coronary artery.

and AORCA (P for trend=0.007 and P for trend 0.042,
respectively).
We acknowledged 10 misdiagnoses of the total 57
suspected AAOCA that underwent the coronary-
CT
scan for confirmation. Most of them (N=5/10) was due
to the para-commissural coronary position to the aortic
valve (p=0.029). The overlap with nearby structure at the

echocardiography and the presence of a separate conal
ramus were also found to be secondary causes of echocardiographic images misinterpretation.
Clinical profiles and outcomes
In our cohort of AAOCA, the male sex was prevalent
(85.1%, n=40/47), while 65.9% (n=31) of participants

Table 2 Clinical profiles and demographic characteristics of AAOCA diagnosed in 2015–2019
AAOCA

AORCA

AOLCA

N=47

N=34

N=13

22 (15, 36)

14 (7, 37)

 Male sex

18 (14, 36)
40 (85.1%)

28 (82.4%)

12 (92.3%)

 Competitive athletes

31 (65.9%)

22 (64.7%)

9 (69.2%)

 Athletics

7 (14.9%)

5 (14.7%)

2 (15.4%)

 Basket

3 (6.4 %)

2 (5.9%)

1 (7.7%)

 Cycling

Demographic characteristics
 Age, years

Sports practiced

5 (10.6%)

2 (5.9%)

3 (23.1%)

 Dance

1 (2.1%)

1 (2.9%)

0 (0.0%)

 Gym

6 (12.8%)

4 (11.8%)

2 (15.4%)

 Handball

2 (4.3%)

2 (5.9%)

0 (0.0%)

 Running

5 (10.6%)

5 (14.7%)

0 (0.0%)

 Soccer

9 (19.1%)

5 (14.7%)

4 (30.8%)

 Swimming

5 (10.6%)

4 (11.8%)

1 (7.7%)

 Tennis

3 (6.4%)

3 (8.8%)

0 (0.0%)

 Volleyball

1 (2.1%)

1 (2.9%)

0 (0.0%)

Symptoms
 Asymptomatic

11 (23.4%)

11 (32.4%)

0 (0.0%)

 Arrhythmias

3 (6.4%)

2 (5.9%)

1 (7.7%)

 CP

5 (10.6%)

3 (8.8%)

2 (15.4%)

 CP and arrhythmias

5 (10.6%)

4 (11.8%)

1 (7.7%)

6 (12.8%)
17 (36.2%)

4 (11.8%)
10 (29.4%)

2 (15.4%)
7 (53.8%)

 Palpitations
 Syncope

AAOCA, anomalous aortic origin of coronary arteries; AOLCA, anomalous origin of the left coronary artery; AORCA, anomalous origin of the
right coronary artery; CP, chest pain.
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Table 1 Annual diagnostic rate of coronary arteries abnormalities, from 2015 to 2019
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Echocardiographic methods

AUC

95% CI

Sensitivity

Specificity

LR+

LR-

PPV

NPV

PSAX-view approach
Four-v iews approach

0.89
0.96

(0.83, 0.95)
(0.92, 0.99)

83%
93%

96%
99%

5
20

0.17
0.06

79.5
95.6

96.6
98.7

Results of receiver operating characteristic (ROC) curves analysis.
AAOCA, anomalous aortic origin of coronary arteries; AUC, area under the curve; LR, likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.

practised competitive sports (table 2). AORCA were older
than AOLCA (22 years old vs 14 years old). The majority
of AORCA was asymptomatic (n=11, 32.4%). Syncope
(n=17/47) and palpitations (n=6/47) were prevalent
symptoms in both AORCA and AOLCA.
All patients suspended sports activity at the diagnosis.
Twenty-seven patients underwent surgical repair when
surgery was applicable due to high-risk anatomy,14 while
20 underwent conservative medical treatment, following
currently available guidelines.15 Regarding the surgery
techniques, the majority underwent coronary unroofing
(n=22/27); three patients experienced coronary reimplantation, one patient a lateral coronary translocation
and one the Vouhé’s osteoplasty.
To the best of our knowledge, no SCD were reported
among the 5998 outpatients that we screened. Regarding
the AAOCA that we detected, all patients are alive at a
median follow-up of 3±1.6 years. Sport restriction was more
frequent in AOLCA than AORCA: 8 (23%) vs 5 (38%),
p<0.001 (χ2 test). Only patients that underwent surgical
repair restarted the sports activity. Besides, a participant
developed ischaemic heart disease and underwent percutaneous coronary stenting of the LCX (AAOCA: LCX
retro-aortic curse). The latter was not operated because
not currently indicated from guidelines.14
Diagnostic performance analysis
The detailed results are shown in table 3. Compared
with the traditional echocardiographic approach for the
AAOCA detection, centred on the PSAX coronary evaluation and color-Doppler evaluation, the 4-views approach,
that we adopted, determined a significant increment of
the echocardiographic sensitivity in our examinations:
93% vs 83%, p=0.0030 (AUC 0.96, 95% CI 0.92, 0.99
and AUC 0.89, 95% CI 0.83, 0.95, respectively). When
adding the adjunctive echocardiographic views, the positive predictive value of the echocardiographic evaluation augmented from 79.5 up to 96.6, resulting in more
conclusive than traditional (positive likelihood ratio
>20 and negative <0.1).
Finally, we found a good interobserver agreement
between physicians for the adjudicated double-blinded
retrospective diagnosis of AAOCA (95%, k=0.83,
p<0.001).
DISCUSSION
In the present study, whereas implementing our
based approach for coronary
echocardiographic-
6

abnormalities detection, we observed a progressive and
statistically significant increment in AAOCA diagnosed
through 2015–2019. This increment determined an
augmentation of the AAOCA identified with the echocardiography. In this cohort, AOLCA were younger and more
symptomatic than AORCA; syncope was prevalent, while,
after the AAOCA diagnosis, only patients that underwent
surgical repair restarted sports activity. No significant
events were recorded during a median follow-up of 3±1.6
years. Our method showed better sensitivity than the
traditional PSAX evaluation of the origin and proximal
course of the coronary arteries, with an excellent interobserver agreement between physicians at the retrospective
analysis.
Traditionally, echocardiography is considered the
imaging technique with the most limited accuracy for the
coronary arteries evaluation.1 Despite this belief, echocardiography is the first-line imaging examination that
physicians recommend in young patients and athletes
when cardiac abnormalities are suspected.16 The echocardiographic assessment of AAOCA is generally done
from the PSAX, focused on the aortic root, trying to
visualise the origin and the proximal course of the coronary arteries.1 Other acoustic windows are possible, along
with a color-Doppler evaluation and probe tilts to off-axis
views,11 but they are less implemented in everyday practice, excluding specialised centres in paediatric cardiology and congenital heart diseases.6 The present study
adds to previous literature by demonstrating that a standardised and routinely performed approach can ameliorate the sensitivity of the sonographic evaluation of the
AAOCA.
The approach that we tested, except the PLAX, focused
on the RVOT, is generally part of the routine echocardiographic evaluations.3 10 While the 4-views approach we
proposed can be regularly acquired, both by physicians
and sonographers. Since this method does not require
advanced skills but only little practice (in our experience, no more than 2 or 3 weeks), it can be systematically
implemented; these images can be stored, re-examined
or sent to experts for a second look, at any time, without
altering or interfering with their sensitivity and specificity. Besides, even if in young patients it is infrequent
to find poor acoustic windows, it can easily overcome this
limitation due to its multiview approach.
Since AAOCA can be associated with SCD, particularly during efforts,4 the diagnosis should be pursued
in particular populations and contexts.2 8 9 According
Bianco F, et al. Open Heart 2021;8:e001495. doi:10.1136/openhrt-2020-001495
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Table 3 Diagnostic performance of PSAX-view and four-views echocardiographic diagnostic approach for AAOCA
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Limitations and strengths
One of the principal limitations of this study is that it
comprises only a single-centre experience in the AAOCA
echocardiographic evaluation. Our analysis’s second
limitation is that we do not know the exact amount of
the overall false negative, but only 300 cases. By the way,
we assume that this number has been little. According
to our policy, we usually prescribe a second examination
within 8–12 months from the first evaluation, even if the
first echocardiogram is considered negative for cardiac
abnormalities. So, these double-check between operators
and evaluations can reduce misdiagnoses. We believe that
some missed AAOCA would have been reported during
these years in which we implemented our protocol, but,
to date, no missed AAOCA have been reported at these
second examinations.
Moreover, other centres across the world usually adopt
multiviews and color-Doppler approaches for the AAOCA
detection; so, our study suffers from a lack of novelty in
this view, but these approaches are not encoded, studied
and standardised yet.
Clinical perspectives
AAOCA echocardiographic diagnosis is challenging,
and imaging protocols have not been standardised yet.
Unlike other approaches,1 6 11 we opted for a standardised method and thus reduced the need for peculiar individual skills and expertise.
This protocol can be easily implemented in sonographic laboratories; the images can be stored and available for further evaluations, especially in the view of
telemedicine support, if the examinations are carried
out in peripheric centres or sports medicine laboratories.
Besides, the method we proposed is not time-consuming
since it involves standard echocardiographic windows.
CONCLUSIONS
The application of a new echocardiographic-
based
method for AAOCA detection led to a significantly
Bianco F, et al. Open Heart 2021;8:e001495. doi:10.1136/openhrt-2020-001495

increased rate of identified anomalies and AAOLCA.
This approach demonstrated better sensitivity than the
traditional echocardiographic assessment, with excellent
reliability among physicians. Implementing this protocol
in clinical practice may reduce AAOCA-related sudden
cardiac death in young adults and athletes.
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