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Background: Anomalous coronary artery originating from the opposite sinus of Vasalva with interarterial course
(ACAOS-IAC) is associated with sudden cardiac death (SCD) in young athletes. If identified in adulthood progno-
sis is usually more benign, resulting in a dilemma regarding revascularization.
Methods: This is a retrospective observational single-center study, including adults with ACAOS-IAC. Medical re-
cords between 2012 and 2019 were reviewed for management approach, mortality, cardiac death and coronary
related adverse events. Coronary computed tomographic angiography (CCTA) were reviewed. We provide a lit-
erature review in regard to clinical outcome.
Results:We identified 40 patients with ACAOS-IAC (mean age 51). Presentation was acute in 7/40 (18%). Ische-
mia detection with single photon emission tomography (SPECT), cardiac magnetic resonance (CMR) or dobuta-
mine stress echocardiography were performed in 25/40 (63%) patients. Ischemia in the vascular territory of the
anomalywas present in 2/25 (8%). In 39/40 (98%) patientswere treated expectative. Duringmedian follow-up of
2.7 years (IQR 1.5–5.3) no cardiovascular death was observed. Mortality occurred in 1/40 (3%) and coronary
related adverse events in 2/40 (5%). We identified 20 studies describing 1194 patients. Revascularization was
performed in 376/1154 (32.6%) patients. Mortality stratified for clinical management was 23/431 (5.3%) in the
non-revascularization versus 16/253 (6.3%) in the revascularization group during 4.0 years follow-up (weighted
median). Cause of death was cardiovascular in 10/596 (1.7%) in 4.2 years (weighted median) follow up.
Conclusions: Both revascularization and non-invasive management have good prognosis in adults with ACAOS-
IAC during early follow up. There is need for guidelines and long-term surveillance.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

Anomalous origin of the coronary artery originating from the oppo-
site sinus of Valsalva with an interarterial course (ACAOS-IAC) between
the aorta and pulmonary artery is a rare congenital cardiac abnormality.
The prevalence is 0.23% for the right coronary artery (RCA) and 0.03% for
the left coronary artery (LCA) [1]. ACAOS-IAC is often classified as malig-
nant because it is associated with sudden cardiac death (SCD) in young
athletes [2]. Identification of this coronary anomaly in adults is believed
to be usually more benign but long-term follow-up is missing. Finding
ACAOS-IAC in adults therefore results in a dilemma regarding the need
t Office Box: 2040, 3000, CA,

liability and freedom from bias

.V. This is an open access article und
for revascularization. Little is known about the risk of SCD and for
whom surgery provides benefit at adult age. Criteria for the necessity of
surgical treatment in adults remain controversial and existing guidelines
are not always being followed [3–5]. Although this is a rare congenital
anatomic variant, findings are likely to increase due to a more wide-
spread use of coronary computed tomographic angiography (CCTA).

Imaging is used for risk stratification which rely on anatomical (ves-
sel morphology and course) and functional (testing for myocardial is-
chemia) findings. Anatomical features believed to be associated with
increased risk of ischemia include involvement of the LCA, intramural
course, slit-like orifice, acute angle take-off and high IAC course
[2,3,6,7]. However, these features are not univocally endorsed, and
some studies failed to prove a correlation [7–9]. Demonstratingmyocar-
dial ischemia in the vascular territory of the anomaly by e.g. cardiac sin-
gle photon emission computed tomography (SPECT) or cardiovascular
magnetic resonance (CMR) is believed to be associated with SCD [10].
Since the exact pathophysiological mechanism is not completely
er the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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understood, it remains uncertain if these tests reflect a reliable repre-
sentation of the risk [1].

We conducted a retrospective study to analyze the diagnostic work-
up used and chosen management in our hospital in correlation with
clinical outcome. Also, a systematic review was performed of the
existing literature to summarize all reported clinical outcomedata in re-
lation to treatment.

2. Methods

2.1. Retrospective observational study

Weselected all patientswith ACAOS-IAC referred to our tertiary hos-
pital for consultation of the multidisciplinary congenital heart team be-
tween 2012 and 2019. Since this is a purely observational and
retrospective study, the need for ethics committee approvalwaswaived
by the Medical Research Ethics Committee of the Erasmus Medical
Center.

Data fromour standard diagnostic work-upwere collected including
evaluating electronic medical recordswith baseline demographics, clin-
ical history, exercise tests, surgery reports, clinical management and re-
sults of diagnostic imaging tests (i.e. SPECT, CMR, CCTA, invasive
coronary angiography (ICA)). From 2017 diagnostic work-up was stan-
dardized with retrospectively ECG-gated CCTA and adenosine stress
CMR if no other ischemia detection was already performed in the refer-
ral center.

Follow up data were collected by evaluating electronic medical re-
cords until October 2020 and consisted of all-causemortality, cardiovas-
cular death and coronary related adverse events (coronary surgery, PCI,
myocardial infarction, sudden cardiac death). To ensure no events out-
side of our hospital were missed, patients were contacted with a tele-
phone questionnaire.

2.2. Imaging

CCTA images were reviewed by one trained observer (MSHB). Since
our study population was referred by other hospitals and primarily
scanned elsewhere, different scanners were used, all with prospective
cardiac gating and on scannerswith at least 64-slices. If additional retro-
spectively ECG-gated CCTA was performed, a Siemens Somatom Force
dual source scanner was used. The following anatomical features were
evaluated: 1) Proximal vessel morphology: minimum diameter at the
most narrowed point of the IAC, compared with a distal reference seg-
ment. The percentage of narrowing was calculated as: %narrowing =
1 – (minimum diameter IAC/minimum diameter distal reference
segment).

Proximal vessel morphology was defined as normal (<10%
narrowing), oval (≥10% and < 50%) and slit-like (≥50%). 2) Take-off
angle: measured between 5 mm along the centerline of the anomalous
coronary artery and the tangent line at level of the aorta coronary os-
tium. Measurements were performed in a multi-planar axial recon-
struction at the level of the coronary ostium [11]. Acute angle was
defined as angle <30°. 3) Intramural course: defined as present or ab-
sent and length of the intramural course was measured in mm [11]:
4) If retrospective ECG-gated CCTA was available, variation of the mini-
mum diameter at the most narrowed point of the interarterial segment
between the systolic and diastolic phase was measured. Dynamic com-
pression was defined as >0.5 mm difference.

Exercise ECG, SPECT, adenosine stress CMR, and dobutamine stress
echocardiography were analyzed for any ischemia. If applicable, ische-
mia in the vascular territory of the coronary anomaly was scored.

2.3. Systematic literature review

A comprehensive search of MEDLINE (Pubmed) was performed
electronically in July 2019 and updated in December 2020 for all
33
published reports of outcome for patients with ACAOS-IAC. Details of
MESH terms combination are given in the appendix. One reviewer
(MSHB) screened titles and abstracts, and then examined the full text
of relevant publications.

Studies describing ≥20 patients with ACAOS-IAC in combination
with clinical outcome with mean or median follow up of at least 1
yearwere included. Both adult and pediatric populationswere included.
Articles published in languages other than English, non-human studies
and surgical cohort studies were excluded.

Data collection included: Age, gender, total number of patients with
coronary anomalies, number of patients with ACAOS-IAC, follow up
time. Specifically, for patients with ACAOS-IAC we collected the follow-
ing data: involvement of LCA or RCA and choice of treatment (revascu-
larization vs. other).

The following secondary outcomes were recorded: mortality, car-
diac or cardiovascular death, late revascularization, re-operation, ven-
tricular rhythm disorders, syncope, ischemic symptoms, ischemia,
acute myocardial infarction. Outcomes were stratified for two groups
regarding treatment. The revascularization group included all patients
treated with PCI or cardiac surgery and a non-revascularization group
included patients treated otherwise (non-invasively).

2.4. Statistical analysis

Results are summarized reporting the absolute numbers and per-
centages. For categorical variables, mean with standard deviation (SD)
when normally distributed, or median with interquartile range (IQR)
are given. In the systematic literature review median follow-up dura-
tion of the entire study population reported in the articles was used
for the IAC subpopulation if the follow-up of this subpopulation was
not described separately. To calculate the pooled follow-up, the
weighted median was calculated based on the number of patients
with ACAOS-IAC. If only mean follow up was reported this was used
as median. Weighted mean age was calculated based on number of pa-
tients with ACAOS-IAC. If only median was reported this was used as
mean. Statistical analyses were performed using SPSS (version 25, IBM
SPSS Statistics, IBM corporation, Armonk, New York, USA).

3. Results

3.1. Retrospective observational study

We identified 40 patients (age 51, mean) with an ACAOS-IAC. Pa-
tient information is presented in Table 1. RCA involvement was present
in 36/40 (90%) patients and LCA in 4/40 (10%). Mean age at time of di-
agnosis was 51 years (range 16–73). One or more cardiovascular risk
factors were present in 28/40 (70%). The main indication for initial car-
diac evaluation wasmainly stable chest pain 28/40 (70%). A minority of
6/40, (13%) patients were diagnosed with ACS. One patient presented
with sudden cardiac arrest and ventricular fibrillation after a running
competition. Emergency ICA was performed which showed a left
ACAOS-IAC and suspicion of a dissected interarterial segment which
was treated with PCI. Post-procedure CCTA showed proximal from the
coronary stent tapering of the anomalous coronary artery either due
to residual dissection or proximal intramural course. ICA during follow
up showed patent coronary stent and tapering of the proximal anoma-
lous LCA with fractional flow reserve measurement of 0.87. Patient was
asymptomatic and further treatmentwas expectativewith good clinical
outcome.

3.1.1. CCTA evaluation
Anatomical assessment with CCTA was performed in all patients.

One CCTA evaluation performed after emergency PCI was not suitable
for proximalmorphology review and one CCTAwas not available for re-
view. Occurrence and examples of proximal vessel morphology, intra-
mural course, take-off angle and dynamic compression are



Table 1
Patient information for patients with ACAOS-IAC.

All patients
(n = 40)

RCA
(n = 36)

LCA
(n = 4)

Demographics, n(%)
Age mean, years ± SD 51 ± 13 51 ± 13 54 ± 16
Female 17 (43) 14 (39) 3 (75)
Diabetes mellitus 4 (10) 3 (8) 1 (25)
Hyperlipidemia 8 (20) 8 (22) 0
Hypertension 14 (35) 12 (33) 2 (50)
Current Smoker 7 (18) 7 (18) 0
Family history 13 (33) 13 (36) 0

Presenting symptoms, n(%)
Chest pain 28 (70) 25 (69) 3 (75)
Acute coronary syndrome 6 (15) 6 (17) 0
Dyspnea 5 (13) 4 (11) 1 (25)
Palpitations/arrhythmia 2 (5) 2 (6) 0
Coincidental finding at extra cardiac
evaluation

4 (10) 3 (8) 1 (25)

Asymptomatic 4 (10) 3 (8) 1 (25)
Aborted sudden cardiac death 1 (3) 0 1 (25)

Diagnostic imaging, n (%)
CCTA 40 (100) 36 (100) 4 (100)
Retrospective ECG-gating CCTA 28 (70) 26 (72) 2 (50)
Invasive coronary angiography 17 (43) 15 (42) 2 (50)
Obstructive CAD, n(%) 2 (5) 2 (6) 0

Agatson score, n/N (%)
0 20/34 (59) 18/32

(50)
2/2
(100)

1–400 13/34 (38) 13/32
(36)

0/2

≥ 400 1/34 (3) 1/32 (3) 0/2
Positive results ischemia detection, n/N (%)
Exercise ECG 1/27 (4) 1/24 (4) 0/3
SPECT 2/15 (13) 1/14 (8) 1/1

(100)
Adenosine stress CMR perfusion 0/12 0/12 0
Dobutamine stress echocardiography 0/1 0/1 0

Clinical management, n (%)
PCI 1 (3) 0 1 (25)
Cardiac surgery 0 0 0
Expectative management 39 (98) 36 (100) 3 (75)

ACAOS-IAC: anomalous coronary arteries originating from the opposite sinus of Vasalva
with interarterial course; SD: standard deviation; RCA: right coronary artery; LCA: left cor-
onary artery; CCTA: coronary computed tomography angiography; ECG: electrocardio-
gram; CCTA: coronary computed tomography angiography; CAD: coronary artery
disease; SPECT: single photon emission computed tomography; CMR: cardiac magnetic
resonance; PCI:,percutaneous coronary intervention.
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summarized in Fig. 1.Median angle of theproximal anomalous coronary
artery was 25° (IQR 22–31) and was <30° in 25/38 (66%). Intramural
course was present in 17/38 (45%) with a mean length of 11.9 ± 4.8
mm. Retrospectively ECG-gated CCTA was performed in 29/40 (73%)
patients and dynamic compression was found in 4/27 (15%). Calcium
score was performed in 34/39 (89%) and was ≥400 in 1/34 (3%).

3.1.2. Ischemia detection
Exercise ECG was performed in 27/40 (68%) and showed suspicion

of ischemia in 1/27 (4%). Additional ischemia detection was performed
in 25 patients, with SPECT in 15/25 (60%), adenosine stress CMR in 12/
25 (48%) and dobutamine stress echocardiography in 1/25 (4%).

Adenosine stress CMR tests and dobutamine stress echocardiogra-
phy foundno ischemia. Ischemia in the vascular territory of the anomaly
was foundwith SPECT in 2/15 (13%). The first patient had an anomalous
RCAwith acute take-off angle of 17°, slit-like orifice and 9mm intramu-
ral course. Due to the small affected area of ischemia this patient was
treated expectative. The second patient had a left ACAOS-IAC and ische-
mia in the anterior wall caused by severe intramyocardial bridging of
the LAD for which surgical repair was performed.

Adenosine CMR was performed after initial SPECT in 3/25 (12%) pa-
tients to confirm findings on SPECT interpreted as artifacts or to analyze
34
oldmyocardial infarction. On bothmodalities findings of ischemia were
negative.

3.1.3. Management and follow-up
One patientwith left ACAOS-IAC received emergency PCI as detailed

above. All other patients 39/40 (98%) were treated expectative with no
revascularization with regard to the coronary anomaly and no restric-
tions on physical activities. Two patients with ACS showed significant
stenosis in the LCA which was treated with PCI, the anomalous RCA
was not treated. In all other patients with ACS no significant coronary
stenosis was found and ischemia tests were negative.

During a median follow-up of 2.7 years (IQR 1.5–5.3) no CV death
was recorded and mortality occurred in 1/40 (3%). Autopsy showed
major cerebral infarction in the left hemisphere.

Coronary related adverse event occurred in 2/40 (5%) patients. The
first patient, described earlier, with surgical repair for intramyocardial
bridging received PCI of the LAD during follow up, the anomalous prox-
imal LCA was not treated. The second patient presented with stable an-
gina during follow-up. ICA showed a proximal LAD stenosis for which
PCI was performed. The anomalous RCA showed no significant stenosis
with FFR and expectative management was continued.

3.2. Systematic literature review

Among 8471 studies in our search of published reports, we eventu-
ally identified 19 studies in addition to our own study. Selection of stud-
ies is illustrated in a flowchart in the appendix. Results are summarized
in Table 2. Total number of patients with ACAOS-IAC was n = 1194.
Weighted mean age was 43 years. Treatment was specified for 1154/
1194 (96.6%) patients. Revascularization was performed in 376/1154
(32.6%) patients including surgical repair in 365/376 (97.1%) and PCI
in 11/376 (2.9%). Mortality stratified for clinical management was 23/
431 (5.3%) in the non-revascularization group vs. 16/253 (6.3%) in the
revascularization group, during a weighted median follow-up of 4.0
years. Cardiac or CV death occurred in 10/596 (1.7%) during a weighted
median follow up of 4.2 years. CV death was attributed to non-ischemic
cardiomyopathy in 1/10 (10%) and severe aortic stenosis in 1/10 (10%)
[11]. Other cases of cardiac or CV death were not described.

Secondary endpoints occurred in the non-revascularization group in
7/423 (1.7%) patients and in 6/195 (3.1%) in the revascularization
group, during a weightedmedian follow up of 3.5 years. For description
of the endpoints see Table 2. Risk factors could not be identified due to
the low number of events.

4. Discussion

This is a single-center retrospective observational study of adult pa-
tients with a coronary anomaly running between the aorta and pulmo-
nary artery and in addition a systematic review of literature. In our own
datawe found no cardiac death or coronary adverse event caused by the
coronary anomaly during follow up. One patientwith an left ACAOS-IAC
presentedwith an acute presentation after a runningmatchwas treated
with an emergency PCI. All other patients (39/40 (98%)) were treated
with no revascularization with regard to the coronary anomaly and no
restrictions on physical activities.We compared our results in a system-
atic literature review which also showed a low incidence of cardiac or
cardiovascular death during 4 years of followup. Furthermore, in our lit-
erature review mortality and clinical outcome was similar for patients
treated with revascularization (surgical or PCI) versus other manage-
ment. These findings are similar to early results of a multicenter study
including 182 ACAOS-IAC which found no statistical difference in coro-
nary related events between surgically treated (median age 37) and
medically treated patients (median age 13) during a follow-up of 18
months [12].

Lack of studies with long-term follow-up after identification of an
ACAOS-IAC in adult patients provide a gap in evidence who are at risk



Fig. 1.High-risk anatomic features coronary anomalywith interarterial course. A. Intramural course, defined as present or absent. Length of the intramural course is givenwhen present. B.
Acute angle of take-off, defined if <30°. Take-off measured between 5 mm along the centerline of the anomalous coronary artery and the tangent line at the level of the aorta coronary
ostium. C. Proximal vessel morphology, defined as normal (<10% narrowing), oval (≥10% and < 50%) and slit-like (≥50%). Minimum diameter at most narrowed point of the
interarterial course compared with distal reference segment. D. Dynamic compression, defined present if difference > 0.5 mm between systolic vs. diastolic diameter of th most
narrowed point of the interarterial segment.
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Fig. 2. Prognostic value of anatomic feature of an anomalous coronary artery and interarterial course based on results of our retrospective cohort study, systematic literature review and
other literature. No. Not found in ≥3 observational review or autopsy series.Weak. 1 observational review or autopsy seriesModerate. 2observational review or autopsy series Strong. ≥ 3
observational review or autopsy series.
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for SCD and for whom surgery provides benefit at adult age [3,5]. Based
on level C evidence, the 2020 ECS guidelines for management of adult
congenital heart diseases recommend to consider surgery for symptom-
atic patients regardless of presence of myocardial ischemia and for spe-
cific populations (left-ACAOS and young patients with high-risk
anatomy) even in absence of myocardial ischemia and symptoms.
These recommendations are largely similar to previous American Col-
lege of Cardiology/American Heart Association 2008 guidelines and ex-
pert consensus guidelines American Association for Thoracic Surgery
2017 [4,5].

Association between SCD and ACAOS-IAC is largely based on previ-
ous autopsy studies ofmilitary recruits and competitive athletes indicat-
ing an increased risk of sudden death due to a coronary anomaly,
especially for left ACAOS-IAC [2,13]. During a 25-year review of 126mil-
itary recruitswith sudden death, identifiable cardiac abnormalitieswere
found in 51% (n = 64) and in a third of these cases left ACAOS-IAC was
present. Besides the involvement of LCA, several other pathophysiologic
mechanisms in addition to the proximal vessel course have been pro-
posed to explain the increased risk of sudden cardiac death. These in-
clude: a slit-like ostium due to believed risk of valve-like occlusion, an
acute take-off angle which might cause kinking, high interatrial course
and intramural course which might increase the vulnerability of dy-
namic compression. Despite such theoretical considerations, several ob-
servational studies included in our literature review failed to show
correlation between these anatomic features and clinical outcome
[7,8]. Only high inter-arterial course did show a correlation with major
adverse events in one observational study [6]. In a multicenter cross-
sectional study including patients with symptomatic presentation, an
association with acute take-off angle was found, but no correlation
with slit-like ostium was demonstrated [14]. Another multicenter
cross-sectional study that was not included in our literature review
showedpositive ischemia tests of patientswith left ACAOS in correlation
with intramural course, high orifice and slit-like orifice. However, the
same findings could not be demonstrated for right ACAOS [15]. In
Fig. 2 we propose an interpretation of the prognostic value of these an-
atomic features based on the results of our own retrospective cohort
study, the systematic literature review and other literature.

Different imaging modalities can be used for evaluating anomalous
coronary arteries. Given the technical improvement of CT-scanners in
37
spatial and temporal resolution it has become thefirst-line imagingmo-
dality in most centers to visualize the origin and course of coronary
anomalies in adult patients [16]. ICA in combination with intravascular
ultrasound (IVUS) may be of value to assess the intramural course dur-
ing the cardiac cycle but is inevitably limited by dependence on operat-
ing physicians and evaluation of other high-risk features. To assess
changing morphology during the cardiac cycle we uniquely performed
retrospectively ECG-gated CCTA in 29 patients revealing subtle changes
of proximal vessel morphology between systole and diastole.

Evaluation of the hemodynamic effects when finding ACAOS in
adults is always indicated [3]. Exercise ECG may have false negative re-
sults according to a study including27young athleteswith SCDand pre-
vious 6/6 normal exercise ECG results [17]. SPECTwith physical stress is
preferred over pharmacological testing because this simulates the nor-
mal situation better and is included as class 1 recommendation in the
2020 ECS guidelines [3]. In a study including 26 patients with hybrid
CCTA/SPECTmyocardial ischemia was found once believed to be caused
by concomitant CAD [18]. We found a small area of ischemia caused by
the anomaly in 1/15with SPECT in a patient with several high-risk ana-
tomic features on CCTA. The absence of myocardial ischemia on stress
testing may suggest that in adult population myocardial ischemia due
to ACAOS is rare and hence results in better clinical outcome in this pop-
ulation. Although the exact pathophysiological mechanism is not
completely understood, it remains uncertain if these tests reflect a reli-
able representation of the risk and more research is necessary to exam-
ine possible false negative results.

4.1. Study limitations

In interpreting our findings, the following limitations should be con-
sidered. This is a single-center observational study at a tertiary center
with a selected population of patients and therefore subject to referral
bias. The follow up period is comparable to similar studies but a longer
follow up is clearly desirable. Due to the retrospective nature of this
study, we evaluated coronary adverse events as clinical outcome and
development of initial presenting symptoms could not be examined. A
relatively aged population was presented in our cohort as in most stud-
ies included in the systematic literature review. Patients at the highest
risk of fatal complications may be underrepresented as their first
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presentation may be a fatal one at younger age. Because this is a retro-
spective study, these patients might be missed. Revascularization is
often chosen for patients in worse (clinical) condition and is a biased
in the comparison to non-revascularized treated patients. In the system-
atic literature we focused on clinical outcome and therefore we did not
elaborate on diagnostic approach of included studies.

5. Conclusion

Adults are believed to have a better prognosis then young patients
when presenting with an ACAOS-IAC. Management with revasculariza-
tion in adults is therefore debatable. We have shown an excellent prog-
nosis in adults that do no undergo surgery during 2.7 years follow up.
The systematic review could not demonstrate any claimed protective
effect of revascularization. Prognostic value of high-risk anatomic fea-
tures shows conflicting results in several studies. Long follow-up is
needed to demonstrate the contributing role of revascularization in
adults with ACAOS-IAC.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2021.04.005.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial or not-for-profit sectors.

Declaration of Competing Interest

None.

Acknowledgments

None.

References

[1] M.K. Cheezum, R.R. Liberthson, N.R. Shah, et al., Anomalous aortic origin of a coro-
nary Artery from the inappropriate sinus of valsalva, JACC 69 (12) (2017).

[2] B.J. Maron, J.J. Doerer, T.S. Haas, D.M. Tierney, F.O. Mueller, Sudden deaths in young
competitive athletes analysis of 1866 deaths in the United States, 1980-2006, Circu-
lation (2009)https://doi.org/10.1161/CIRCULATIONAHA.108.804617.

[3] H. Baumgartner, J. De Backer, S.V. Babu-Narayan, W. Budts, M. Chessa, G.-P. Diller, B.
Lung, J. Kluin, I.M. Lang, F. Meijboom, P. Moons, B.J.M. Mulder, E. Oechslin, J.W. Roos-
Hesselink, M. Schwerzmann, L. Sondergaard, K. Zeppenfeld, S. Ernst, M. Ladouceur,
V. Aboyans, D. Alexander, R. Christodorescu, D. Corrado, M. D’Alto, N. de Groot, V.
Delgado, G. Di Salvo, L. Dos Subira, A. Eicken, D. Fitzsimons, A.A. Frogoudaki, M.
Gatzoulis, S. Heymans, J. Hörer, L. Houyel, G. Jondeau, H.A. Katus, U. Landmesser,
B.S. Lewis, A. Lyon, C.E. Mueller, D. Mylotte, S.E. Petersen, A. Sonia Petronio, M.
Roffi, R. Rosenhek, E. Shlyakhto, I.A. Simpson, M. Sousa-Uva, C.T. Torp-Pedersen,
R.M. Touyz, A. Van De Bruaene, S.V. Babu-Narayan, W. Budts, M. Chessa, G.-P.
Diller, B. Iung, J. Kluin, I.M. Lang, F. Meijboom, P. Moons, B.J.M. Mulder, E. Oechslin,
J.W. Roos-Hesselink, M. Schwerzmann, L. Sondergaard, K. Zeppenfeld, 2020 ESC
guidelines for the management of adult congenital heart disease, Eur. Heart J.
(2020)https://doi.org/10.1093/eurheartj/ehaa554.

[4] J.A. Brothers, M.A. Frommelt, R.D.B. Jaquiss, R.J. Myerburg, C.D. Fraser, J.S. Tweddell,
Expert consensus guidelines: Anomalous aortic origin of a coronary artery, J. Thorac.
Cardiovasc. Surg, 2017https://doi.org/10.1016/j.jtcvs.2016.06.066.

[5] C.A.Warnes, R.G. Williams, T.M. Bashore, J.S. Child, H.M. Connolly, J.A. Dearani, P. del
Nido, J.W. Fasules, T.P. Graham, Z.M. Hijazi, S.A. Hunt, M.E. King, M.J. Landzberg, P.D.
Miner, M.J. Radford, E.P. Walsh, G.D. Webb, ACC/AHA 2008 guidelines for the man-
agement of adults with congenital heart disease, J. Am. Coll. Cardiol. (2008)https://
doi.org/10.1016/j.jacc.2008.10.002.

[6] H.J. Lee, Y.J. Hong, H.Y. Kim, J. Lee, J. Hur, B.W. Choi, H.J. Chang, J.E. Nam, K.O. Choe,
Y.J. Kim, Anomalous Origin of the Right Coronary Artery from the Left Coronary
Sinus with an Interarterial Course: Subtypes and Clinical Importance, Radiology,
2012https://doi.org/10.1148/radiol.11110823.

[7] A. Nasis, C. Machado, J.D. Cameron, J.M. Troupis, I.T. Meredith, S.K. Seneviratne, An-
atomic characteristics and outcome of adults with coronary arteries arising from an
anomalous location detected with coronary computed tomography angiography,
Int. J. Card. Imaging (2014)https://doi.org/10.1007/s10554-014-0535-4.

[8] B.W. Driesen, E.G. Warmerdam, G.J.T. Sieswerda, P.H. Schoof, F.J. Meijboom, F. Haas,
P.R. Stella, A.O. Kraaijeveld, F.C.M. Evens, P.A.F.M. Doevendans, G.J. Krings, A.P.J. van
Dijk, M. Voskuil, Anomalous coronary artery originating from the opposite sinus of
Valsalva (ACAOS), fractional flow reserve- and intravascular ultrasound-guided
38
management in adult patients, Catheter. Cardiovasc. Interv. (2018)https://doi.org/
10.1002/ccd.27578.

[9] A.J. Taylor, J.P. Byers, M.D. Cheitlin, R. Virmani, Anomalous right or left coronary ar-
tery from the contralateral coronary sinus: “High-risk” abnormalities in the initial
coronary artery course and heterogeneous clinical outcomes, Am. Heart J. (1997)
https://doi.org/10.1016/S0002-8703(97)70184-4.

[10] C. Gräni, P.A. Kaufmann, S. Windecker, R.R. Buechel, Diagnosis and management of
anomalous coronary arteries with a malignant course, Interv. Cardiol. Rev. (2019)
https://doi.org/10.15420/icr.2019.1.1.

[11] M.K. Cheezum, B. Ghoshhajra, M.S. Bittencourt, E.A. Hulten, A. Bhatt, N. Mousavi,
N.R. Shah, A.M. Valente, F.J. Rybicki, M. Steigner, J. Hainer, T. MacGillivray, U.
Hoffmann, S. Abbara, M.F. Di Carli, D. DeFaria Yeh, M. Landzberg, R. Liberthson, R.
Blankstein, Anomalous origin of the coronary artery arising from the opposite
sinus: prevalence and outcomes in patients undergoing coronary CTA, Eur. Heart J.
Cardiovasc. Imaging (2017)https://doi.org/10.1093/ehjci/jev323.

[12] M.A. Padalino, N. Franchetti, G.E. Sarris, M. Hazekamp, T. Carrel, A. Frigiola, J. Horer,
R. Roussin, J. Cleuziou, B. Meyns, J. Fragata, H. Telles, A.C. Polimenakos, K. Francois, A.
Veshti, J. Salminen, A.G. Rocafort, M. Nosal, L. Vedovelli, E. Protopapas, R.
Tumbarello, A. Merola, C. Pegoraro, R. Motta, G. Boccuzzo, V. Sojak, M. Lo Rito, F.
Caldaroni, D. Corrado, C. Basso, G. Stellin, Anomalous aortic origin of coronary arter-
ies: Early results on clinical management from an international multicenter study,
Int. J. Cardiol. (2019)https://doi.org/10.1016/j.ijcard.2019.02.007.

[13] R.E. Eckart, S.L. Scoville, C.L. Campbell, et al., Sudden death in young adults: a 25-
year review of autopsies in military recruits, Ann. Intern. Med. 141 (2004) 829–834.

[14] K. Nagashima, T. Hiro, D. Fukamachi, Y. Okumura, I. Watanabe, A. Hirayama, M.
Tanaka, T. Tanaka, I. Takamisawa, I. Taguchi, A. Sato, K. Aonuma, S. Fukamizu, A.
Nakada, A. Watanabe, N. Amioka, Y. Suzuki, N. Matsumoto, J. Koizumi, K. Kumagai,
M. Naya, Y. Higuchi, Y. Naito, T. Masuyama, M. Kawamura, R. Tsunoda, S. Suzuki,
H. Ishii, T. Murohara, T. Shimizu, Y. Takeishi, K. Shiina, J. Yamashita, T. Imamura,
N. Sumitomo, T. Noguchi, T. Aso, K. Furukawa, Y. Yamauchi, K. Okishige, K. Sakata,
M. Yamagishi, S. Shimizu, M. Ohno, T. Sugano, K. Matsumura, K. Matsumoto, K.
Ozaki, S. Hayashidani, H. Meno, A. Iwata, T. Higuma, H. Tomita, H. Yoshino, S.
Taniai, K. Shishido, M. Murakami, K. Negishi, M. Nii, D. Wakatsuki, H. Suzuki, Y.
Motoike, Y. Ozaki, J. Nakazato, H. Hayashi, S. Higuchi, M. Shoda, Anomalous origin
of the coronary artery coursing between the great vessels presenting with a cardio-
vascular event (J-CONOMALY Registry), Eur. Heart J. Cardiovasc. Imaging (2020)
https://doi.org/10.1093/ehjci/jez076.

[15] A. Jegatheeswaran, P.J. Devlin, B.W. McCrindle, W.G. Williams, M.L. Jacobs, E.H.
Blackstone, W.M. DeCampli, C.A. Caldarone, J.W. Gaynor, J.K. Kirklin, R.O. Lorber,
C.M. Mery, J.D.St. Louis, S. Molossi, J.A. Brothers, Features associatedwithmyocardial
ischemia in anomalous aortic origin of a coronary artery: a congenital heart sur-
geons’ society study, J. Thorac. Cardiovasc. Surg. (2019)https://doi.org/10.1016/j.
jtcvs.2019.02.122.

[16] C. Gräni, R.R. Buechel, P.A. Kaufmann, R.Y. Kwong, Multimodality imaging in individ-
uals with anomalous coronary arteries, JACC Cardiovasc. Imaging (2017)https://doi.
org/10.1016/j.jcmg.2017.02.004.

[17] C. Basso, B.J. Maron, D. Corrado, G. Thiene, Clinical profile of congenital coronary ar-
tery anomalies with origin from the wrong aortic sinus leading to sudden death in
young competitive athletes, J. Am. Coll. Cardiol. (2000)https://doi.org/10.1016/
S0735-1097(00)00566-0.

[18] C. Gräni, D.C. Benz, C. Schmied, J. Vontobel, F. Mikulicic, M. Possner, O.F. Clerc, J.
Stehli, T.A. Fuchs, A.P. Pazhenkottil, O. Gaemperli, R.R. Buechel, P.A. Kaufmann, Hy-
brid CCTA/SPECTmyocardial perfusion imaging findings in patients with anomalous
origin of coronary arteries from the opposite sinus and suspected concomitant cor-
onary artery disease, J. Nucl. Cardiol. (2017)https://doi.org/10.1007/s12350-015-
0342-x.

[19] M. Osaki, B.W. McCrindle, G. Van Arsdell, A.I. Dipchand, Anomalous origin of a cor-
onary artery from the opposite sinus of Valsalva with an interarterial course: clinical
profile and approach to management in the pediatric population, Pediatr. Cardiol.
(2008)https://doi.org/10.1007/s00246-007-9054-6.

[20] V. Palmieri, S. Gervasi, M. Bianco, R. Cogliani, B. Poscolieri, F. Cuccaro, R. Marano, M.
Mazzari, C. Basso, P. Zeppilli, Anomalous origin of coronary arteries from the
“wrong” sinus in athletes: diagnosis and management strategies, Int. J. Cardiol.
(2018)https://doi.org/10.1016/j.ijcard.2017.10.117.

[21] A.M. Alkhulaifi, N. Chooriyil, M. Alkuwari, A.N. Ghareep, C. Carr, Coronary artery
anomalies: unusually high incidence of anomalies with a malignant course in an
Asian population, SAGE Open Med. (2017)https://doi.org/10.1177/
2050312117741823.

[22] C. Gräni, D.C. Benz, D.A. Steffen, O.F. Clerc, C. Schmied, M. Possner, J. Vontobel, F.
Mikulicic, C. Gebhard, A.P. Pazhenkottil, O. Gaemperli, S. Hurwitz, P.A. Kaufmann,
R.R. Buechel, Outcome inmiddle-aged individuals with anomalous origin of the cor-
onary artery from the opposite sinus: A matched cohort study, Eur. Heart J. (2017)
https://doi.org/10.1093/eurheartj/ehx046.

[23] R.B. Layser, M.P. Savage, E.J. Halpern, Anomalous coronary arteries: analysis of clin-
ical outcome based upon arterial course and surgical intervention in an adult popu-
lation, Acad. Radiol. (2016)https://doi.org/10.1016/j.acra.2016.03.020.

[24] A. Fabozzo, M. DiOrio, J.W. Newburger, A.J. Powell, H. Liu, F. Fynn-Thompson, S.P.
Sanders, F.A. Pigula, P.J. del Nido, M. Nathan, Anomalous aortic origin of coronary ar-
teries: a single-center experience, Semin. Thorac. Cardiovasc. Surg. (2016)https://
doi.org/10.1053/j.semtcvs.2016.08.012.

[25] J. Amado, M. Carvalho, W. Ferreira, P. Gago, V. Gama, N. Bettencourt, Coronary arter-
ies anomalous aortic origin on a computed tomography angiography population:
prevalence, characteristics and clinical impact, Int. J. Card. Imaging (2016)https://
doi.org/10.1007/s10554-016-0849-5.

[26] D.P. Ripley, A. Saha, A. Teis, A. Uddin, P. Bijsterveld, A. Kidambi, A.K. McDiarmid, M.
Sivananthan, S. Plein, D.J. Pennell, J.P. Greenwood, The distribution and prognosis of

https://doi.org/10.1016/j.ijcard.2021.04.005
https://doi.org/10.1016/j.ijcard.2021.04.005
http://refhub.elsevier.com/S0167-5273(21)00641-0/rf0005
http://refhub.elsevier.com/S0167-5273(21)00641-0/rf0005
https://doi.org/10.1161/CIRCULATIONAHA.108.804617
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1016/j.jtcvs.2016.06.066
https://doi.org/10.1016/j.jacc.2008.10.002
https://doi.org/10.1016/j.jacc.2008.10.002
https://doi.org/10.1148/radiol.11110823
https://doi.org/10.1007/s10554-014-0535-4
https://doi.org/10.1002/ccd.27578
https://doi.org/10.1002/ccd.27578
https://doi.org/10.1016/S0002-8703(97)70184-4
https://doi.org/10.15420/icr.2019.1.1
https://doi.org/10.1093/ehjci/jev323
https://doi.org/10.1016/j.ijcard.2019.02.007
http://refhub.elsevier.com/S0167-5273(21)00641-0/rf0065
http://refhub.elsevier.com/S0167-5273(21)00641-0/rf0065
https://doi.org/10.1093/ehjci/jez076
https://doi.org/10.1016/j.jtcvs.2019.02.122
https://doi.org/10.1016/j.jtcvs.2019.02.122
https://doi.org/10.1016/j.jcmg.2017.02.004
https://doi.org/10.1016/j.jcmg.2017.02.004
https://doi.org/10.1016/S0735-1097(00)00566-0
https://doi.org/10.1016/S0735-1097(00)00566-0
https://doi.org/10.1007/s12350-015-0342-x
https://doi.org/10.1007/s12350-015-0342-x
https://doi.org/10.1007/s00246-007-9054-6
https://doi.org/10.1016/j.ijcard.2017.10.117
https://doi.org/10.1177/2050312117741823
https://doi.org/10.1177/2050312117741823
https://doi.org/10.1093/eurheartj/ehx046
https://doi.org/10.1016/j.acra.2016.03.020
https://doi.org/10.1053/j.semtcvs.2016.08.012
https://doi.org/10.1053/j.semtcvs.2016.08.012
https://doi.org/10.1007/s10554-016-0849-5
https://doi.org/10.1007/s10554-016-0849-5


M.S.H. Blomjous, R.P.J. Budde, M.W.A. Bekker et al. International Journal of Cardiology 335 (2021) 32–39
anomalous coronary arteries identified by cardiovascular magnetic resonance: 15
year experience from two tertiary centres, J. Cardiovasc. Magn. Reson. (2014)
https://doi.org/10.1186/1532-429X-16-34.

[27] M.P. Opolski, J. Pregowski, M. Kruk, A. Witkowski, S. Kwiecinska, E. Lubienska, M.
Demkow, T. Hryniewiecki, P. Michalek,W. Ruzyllo, C. Kepka, Prevalence and charac-
teristics of coronary anomalies originating from the opposite sinus of valsalva in
8,522 patients referred for coronary computed tomography angiography, Am. J.
Cardiol. (2013)https://doi.org/10.1016/j.amjcard.2013.01.280.

[28] S.E. Lee, C.W. Yu, K. Park, K.W. Park, J.W. Suh, Y.S. Cho, T.J. Youn, I.H. Chae, D.J. Choi,
H.J. Jang, J.S. Park, S.H. Na, H.S. Kim, K.B. Kim, B.K. Koo, Physiological and clinical rel-
evance of anomalous right coronary artery originating from left sinus of Valsalva in
adults, Heart (2016)https://doi.org/10.1136/heartjnl-2015-308488.
39
[29] R.A. Krasuski, D. Magyar, S. Hart, V. Kalahasti, R. Lorber, R. Hobbs, G. Pettersson, E.
Blackstone, Long-term outcome and impact of surgery on adults with coronary ar-
teries originating from the opposite coronary cusp, Circulation (2011)https://doi.
org/10.1161/CIRCULATIONAHA.109.921106.

[30] I.D. Lytrivi, A.H. Wong, H.H. Ko, S. Chandra, J.C. Nielsen, S. Srivastava, W.W. Lai, I.A.
Parness, Echocardiographic diagnosis of clinically silent congenital coronary artery
anomalies, Int. J. Cardiol. (2008)https://doi.org/10.1016/j.ijcard.2007.04.063.

[31] B. Kaku, M. Shimizu, H. Yoshio, H. Ino, S. Mizuno, H. Kanaya, S. Ishise, H. Mabuchi,
Clinical features and prognosis of Japanese patients with anomalous origin of the
coronary artery, Jpn. Circ. J. (1996)https://doi.org/10.1253/jcj.60.731.

https://doi.org/10.1186/1532-429X-16-34
https://doi.org/10.1016/j.amjcard.2013.01.280
https://doi.org/10.1136/heartjnl-2015-308488
https://doi.org/10.1161/CIRCULATIONAHA.109.921106
https://doi.org/10.1161/CIRCULATIONAHA.109.921106
https://doi.org/10.1016/j.ijcard.2007.04.063
https://doi.org/10.1253/jcj.60.731

	Clinical outcome of anomalous coronary artery with interarterial course in adults: Single-�center experience combined with ...
	1. Introduction
	2. Methods
	2.1. Retrospective observational study
	2.2. Imaging
	2.3. Systematic literature review
	2.4. Statistical analysis

	3. Results
	3.1. Retrospective observational study
	3.1.1. CCTA evaluation
	3.1.2. Ischemia detection
	3.1.3. Management and follow-up

	3.2. Systematic literature review

	4. Discussion
	4.1. Study limitations

	5. Conclusion
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References




