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Abstract: Background: Anomalous aortic origin of a coronary artery (AAOCA) is a congenital heart disease with a 0.3%−0.5% prevalence. Diagnosis is challenging due to nonspecific clinical presentation. Risk stratification and treatment are currently based on expert consensus and single-center case series. Methods: Demographical and clinical data of AAOCA patients from 17 tertiary-care centers were analyzed. Diagnostic imaging studies (Bidimensional echocardiography, coronary computed tomography angiography [CCTA] were collected. Clinical correlations with anomalous coronary course and origin were evaluated. Results: Data from 239 patients (42% males, mean age 15 y) affected by AAOCA were collected; 154 had AAOCA involving the right coronary artery (AAORCA), 62 the left (AAOLCA), 23 other anomalies. 211 (88%) presented with an inter-arterial course. Basal electrocardiogram (ECG) was abnormal in 37 (16%). AAOCA was detected by transthoracic echocardiography and CCTA in 53% and 92% of patients, respectively. Half of the patients reported cardiac symptoms (119/239; 50%), mostly during exercise in 121/178 (68%). An ischemic response was demonstrated in 37/106 (35%) and 16/31 (52%) of patients undergoing ECG stress test and stress-rest single positron emission cardiac tomography. Compared with AAORCA, patients with AAOLCA presented more frequently with syncope (18% vs. 5%, P = 0.002), in particular when associated with inter-arterial course (22% vs. 5%, P < 0.001). Conclusion: Diagnosis of AAOCA is a clinical challenge due to nonspecific clinical presentations and low sensitivity of first-line cardiac screening exams. Syncope seems to be strictly correlated to AAOLCA with inter-arterial course.
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1  Introduction

Anomalous aortic origin of coronary artery (AAOCA) from the inappropriate sinus of Valsalva is an increasingly recognized congenital heart disease (CHD), affecting approximately 0.3%–0.5% of the general population [1,2]. Autoptic and prospective studies performed in high-risk populations report an overall risk of sudden cardiac death (SCD) of 0.17%. Specifically, it is estimated as 0.2% in patients with the anomalous aortic origin of the right coronary artery (AAORCA) and 6.3% in the anomalous aortic origin of the left main coronary artery (AAOLCA) [3]. Diagnosis is often incidental since most patients are primarily asymptomatic or report nonspecific symptoms (palpitations, fatigue, chest discomfort) [4]. Furthermore, first-line screening exams like electrocardiogram (ECG) and ECG stress test are too aspecific for a precise diagnosis, and transthoracic echocardiography (TTE) requires high expertise and good experience for the evaluation of coronary arteries [5–9]. In case of high suspicion of AAOCA, coronary computed tomography angiography (CCTA) and cardiac magnetic resonance (CMR) imaging are currently the gold standards for diagnosis since they are accurate and precise in defining the anatomic details of the coronary anomaly [10–13]. Providing a good visualization of the anomalous coronary origin and course is crucial for the effective management of patients with AAOCA. Indeed, the presence of high-risk anatomical features (e.g., slit-like orifice, the acute angle of take-off, intramural course) or stress-induced myocardial ischemia are considered among the criteria supporting the surgical indication in both symptomatic and asymptomatic patients [14,15].

To date, real-world data regarding clinical presentation and diagnostic work-up of patients with AAOCA are scant and mostly confined to monocentric experiences [16–18]. Herein, we report a multicentric experience whose aim is to investigate the clinical onset and diagnostic pathway in a large series of patients with AAOCA, in order to assess the diagnostic yield of non-invasive testing and to outline possible associations between common cardiac symptoms and high-risk coronary conditions.

2  Materials and Methods

This is a multicenter retrospective longitudinal study including all patients diagnosed with AAOCA and followed up in 17 European tertiary care centers since 1991. Patients with isolated high coronary take-off, an anomalous left coronary artery from the pulmonary artery (ALCAPA), and major associated CHD were excluded from this analysis. Patients’ medical history was investigated in-depth, and all diagnostical tests performed before diagnosis were accurately reviewed. Coronary artery anatomical pattern and morphology, symptoms appearance during stress tests and an indication of surgery were examined. Finally, patients were grouped into different cohorts according to the type of anomalous origin (AAORCA vs. AAOLCA) and the presence of an inter-arterial and/or intramural course. Intraoperative and postoperative data were retrieved from a common database. Individual patients were not identified, and the need for patient consent was waived. This study complied with Helsinki’s declaration and was approved by the Local Ethical Committee (Comitato Etico per la Ricerca Clinica della Provincia di Padova) (approval code 4901/AO/20).

3  Statistical Analysis

Categorical variables were reported as numbers and percentages and compared using the χ2 test or Fisher’s exact test, when appropriate. The only one continuous variable (age) was reported as mean ± standard deviation. Analyses were performed using SPSS (IBM SPSS Statistics for MacOS, Version 23.0. IBM Corp., Armonk, NY).

4  Results

Overall, we enrolled 239 patients affected by AAOCA who either underwent surgery (172/239, 72%) or did not require surgery for various reasons (lack of indication, contraindication to surgery, denied consent). Surgery consisted mostly of coronary unroofing and reimplantation, with operative mortality <1% (only 2 early deaths occurring in patients with severe preoperative cardiac dysfunction). Surgical results have already been reported elsewhere [19]. Baseline characteristics and complaints during the first visit are summarized in Table 1 and have been partially reported previously [19]. AAORCA was noticed in 154 (64%) and AAOLCA in 62 (26%) patients. Minor anomalies, like a single coronary artery or left circumflex artery origin from the non-coronary sinus, were detected in 23 (10%). In 211 (88%) an inter-arterial course was diagnosed (147 AAORCA, 50 AAOLCA, 14 minor). The mean age at the first evaluation was 15 (±11) years.
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In this series, the diagnosis was incidental in 61 (25.5%) asymptomatic individuals. Conversely, symptoms were reported by 178/239 (74.5%) patients and occurred during physical activity in 121/178 (68%) cases. In particular, 73 (31%) complained of chest pain, while syncope was reported by 14 (6%), dyspnea in 11 (5%), palpitations in 6 (3%), arrhythmias in 3 (1%), presyncope in 2 (1%), and fatigue in 2 (1%). Overall, 59 (25%) reported a sort of undefined discomfort. The diagnosis of AAOCA followed a cardiac arrest as a first symptom requiring cardiopulmonary resuscitation in 5 (2%); these patients had AAORCA in 3 cases and AAOLCA in 2 cases. Although patients with AAOLCA were more frequently asymptomatic (33% vs. 20%; P = 0.05), syncope was significantly more common in these patients than AAORCA (18% vs. 5%, P = 0.002). Tests performed during diagnostic work-up and their results are summarized in Table 2.
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Patients’ basal ECG was abnormal in 37 (16%), presenting Q waves, ST alterations, or ventricular ectopic beats. Transthoracic echocardiography correctly diagnosed AAOCA in 123 (53%) patients, and it did more accurately in AAOLCA than AAORCA (70% vs. 44%, P < 0.001) and in non-inter-arterial course (74% vs. 50%, P = 0.05) (Figure 1). An ischemic response was found in 37/106 (35%) and 16/31 (52%) of patients undergoing ECG stress test and stress-rest single positron emission cardiac tomography (SPECT), respectively. In particular, hypoperfusion suggestive of myocardial ischemia in SPECT was more frequent in AAOLCA rather than AAORCA (80% vs. 42.1%, P = 0.05). Among cardiac imaging procedures, AAOCA was detected by CCTA in 162 (92%) and by CMR or coronary angiography in 62 (26%). Overall, an approach combining echocardiography plus CCTA was adopted in 109 (46%) patients, while echocardiography plus stress test plus CCTA in 48 (20%).
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Figure 1: (Panel A) Echocardiographic short axis image showing the AAORCA anomalous course anterior to the aortic valve (yellow arrow; Ao: Aortic Root, PA: pulmonary artery, LA: Left Atrium, RA: Right Atrium). (Panel B) Histograms showing the percentage of positive echocardiographic diagnosis in patients suffering from AAORCA (red), AAOLCA (orange), anomalous origin with an inter-arterial course (green), anomalous origin with a non inter-arterial course (blue)

Differences in symptoms’ arousal and diagnostic test’s results between AAORCA and AAOLCA are summarized in Table 3.
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Patients with the inter-arterial course were more frequently symptomatic than those without (78% vs. 58%, P = 0.05). Differences in symptoms’ appearance and diagnostic test’s results between patients suffering from an inter-arterial and a non-inter-arterial course are summarized in Table 4.
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In particular, when comparing AAORCA and AAOLCA with the associated inter-arterial course, symptoms were more common in patients with AAORCA (82% vs. 68%, P = 0.04). However, syncope was again more prevalent in AAOLCA (22% vs. 5%, P < 0.001) (Figure 2). Differences in symptoms’ appearance and diagnostic tests’ results between patients suffering from AAORCA with an Inter-arterial course and AAOLCA with an Inter-arterial course are summarized in Table 5.
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Figure 2: (Panel A) Coronary CT-angiography 3D reconstruction depicting an AAORCA (yellow arrow) originating from the left aortic sinus (Panel A; Ao: Aorta, LV: Left Ventricle, LA Left Atrium). Histograms showing the difference in occurrence of exertional syncope in inter-arterial vs. non-interarterial course and AAOLCA vs. AAORCA (Panel B)
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5  Discussion

This large retrospective multicenter study aimed to investigate the most common clinical presentations of patients affected by AAOCA and the effectiveness of diagnostic workup in clinical practice. In this cohort of young patients with AAOCA, we observed that the clinical onset can be very heterogeneous, ranging from asymptomatic cases (26%) or nonspecific symptoms (33%) to chest pain (41%) and cardiac arrest (3%). In most patients, first-line cardiac screening exams like basal and stress ECG failed to recognize AAOCA. On the contrary, bidimensional echocardiography effectively diagnosed AAOCA in about 50%, and more invasive cardiac procedures like CCTA detected the anomalies (also incidentally) in 92%. Subsequent analysis showed that the inter-arterial course was significantly associated with the presence of symptoms, ischemic response to provocative tests, and occurrence of arrhythmic events like syncope and malignant arrhythmias.

Our data showed that almost three out of four individuals with AAOCA presented with symptoms. Chest pain was the most frequent (41%) and was equally distributed between right- and left-sided anomalies and between the inter-arterial and non-inter-arterial courses. However, the ischemic etiology was more commonly demonstrated by provocative tests (stress ECG and stress-rest SPECT) in those with the inter-arterial course. These findings encourage further investigations focused on coronary artery imaging even in young age subjects and no other cardiovascular risk factors.

It is of note that 26% of this cohort was asymptomatic and, as such, incidentally diagnosed. This may account for the current significant underdiagnosis of this condition in the general population [1]. Moreover, considering the low sensitivity of basal and stress ECG for detection of AAOCA, we can understand how high the risk of false-negative results may be in young athletes with AAOCA undergoing preparticipation screening programs [4]. Coronary artery anomaly is one of the most prevalent causes of SCD in the athletes (the second in the United States after hypertrophic cardiomyopathy [20]), occurring in 5% to 17% of cases according to post-mortem registries [20,21], and much more frequently in young patients under 18 years old and in AAOLCA than AAORCA) [4,20–22].

Unlike ECG, echocardiography was confirmed to be a fundamental step in the diagnostic work-up of AAOCA. In our study, half of the patients were diagnosed by echocardiography, and higher percentages (71% and 74%, respectively) were reported in the presence of left coronary anomalies and non-inter-arterial (i.e., retro aortic) courses. We believe that the negative results of echocardiogram may be due primarily to incomplete and not-standardized evaluations, not including the routine assessment of right and left coronary arteries ostia, rather than a real low sensitivity. Previous studies have highlighted how echocardiographic examination of coronary artery ostia can be feasible and reliable in high percentages of young athletes, in which the quality of acoustic windows is generally optimal [6–23]. High expertise, broader experience, and dedicated or standardized protocols are therefore required in the evaluation of coronary arteries in echocardiography in order to increase further the diagnostic accuracy for AAOCA [24,25].

As previously reported [10–13], second-level operator-independent cardiac imaging tests, like CCTA, were highly accurate in diagnosing AAOCA. Although CCTA image quality can be hampered by tachycardia and low patient compliance, identifying anomalous coronary arteries and their course is reliable and highly reproducible [26]. It could have been noted that the use of contrast media and exposure to radiation should be avoided in pediatric settings. However, at present, exceptionally low radiation dose scan protocols are available [27], also, non-contrast CCTA has shown promising results in AAOCA evaluation [11]. Therefore, considering that patients presenting with exertional syncope were more frequently associated with dangerous anatomical patterns like AAOLCA and inter-arterial course, our data support the use of CCTA in these patients, especially pediatrics, to rule out with certainty the presence of malignant coronary anomalies.

6  Limitations

This study is subject to the constraints of a retrospective multicentric study. Data collection was performed in multiple centers without a pre-specified fixed diagnostic algorithm, and exam choice depended on the physician and single-center experience. Data regarding the missing diagnosis of each diagnostic technique were not collected. The reason for incidental diagnosis was not deeply investigated. CMR imaging results were too scant and heterogeneous to provide evidences regarding its use in AAOCA evaluation. Prospective studies with a standard pre-specified diagnostic algorithm are needed to improve the clinical work-up of patients with AAOCA.

7  Conclusions

Despite the increase in medical awareness and experience, the diagnosis of AAOCA remains a clinical and diagnostic challenge. Our data showed that these patients’ symptoms are primarily nonspecific, and that first-line screening exam (i.e., basal and stress ECG) are not sensitive in diagnosis and risk stratification.

By contrast, echocardiography may represent a valuable tool for diagnosing AAOCA, particularly with left-sided and non-inter-arterial variants. Second-level cardiac imaging tests like CCTA must be considered in highly suspicious settings, particularly in young patients with effort-related syncope. In fact, this condition is indeed associated with high-risk anatomical features.
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Table 1: Baseline characteristics

Study population n =239

Male sex 101 (42%)
Age (y), mean=+ SD 15 (£11)
Professional athletes 61 (26%)
Symptoms
No symptoms 61 (26%)
Chest pain 73/178 (41%)
Cardiac arrest 5/178 (3%)
Dyspnea 11/178 (6%)
Palpitations 6/178 (3%)
Presyncope 2/178 (1%)
Exertional syncope 14/178 (8%)
Arrhythmias 3/178 (2%)
Myocardial infarction 3/178 (2%)
Fatigue 2/178 (1%)
Nonspecific 59/178 (33%)
Exercise-related symptoms 121/178 (68%)
LV Ejection fraction
50%—-70% 222 (93%)
40%—49% 7 (3%)
30%—-39% 2 (1%)
<30% 8 (3%)
Treatment
Surgery 172 (72%)
Interventional cardiology 3 (1%)
Medical therapy 64 (27%)
Anomalous coronary origin type
RCA from left aortic sinus 152 (63.7%)
LAD from right aortic sinus 11 (4.6%)
LMCA from right aortic sinus 50 (20.9%)
LAD from RCA 1 (0.4%)
RCA from LMCA 2 (0.8%)
Other 23 (9.6%)
Anomalous coronary course
Inter-arterial 211 (88%)
Intra-septal 3 (1%)
Anterior to pulmonary artery 8 (3%)
Retro-aortic 7 (3%)
Other 10 (4.2%)

Notes: Values are expressed as a number of patients (%). Abbreviations: LAD = Left Anterior Descending, LMCA = Left Main Coronary Artery,
LV = Left Ventricle, RCA = Right Coronary Artery.
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Table 3: AAORCA vs. AAOLCA

AAORCA n=154 AAOLCA n=62 P

Interarterial course 147 (96%) 50 (81%) <0.001
Symptoms 123 (80%) 42 (68%) 0.05
Chest pain 54 (36%) 19 (31%) 0.49
Exertional syncope 7 (5%) 11 (18%) 0.002
Cardiac arrest 3 (2%) 1 (2%) 0.86
Nonspecific 70 (46%) 20 (32%) 0.06
Stress-related symptoms 84 (55%) 32 (52%) 0.69
Anomalous TTE 66/149 (44%) 43/61 (70%) <0.001
ST-segment ischemic alterations 14/148 (10%) 3/60 (5%) 0.29
Anomalous ECG stress test 25/83 (30%) 9/26 (35%) 0.67
Anomalous CCTA 107/114 (94%) 38/46 (83%) 0.03
Anomalous stress-rest SPECT 8/19 (42%) 8/10 (80%) 0.05

Notes: Values are expressed as number of patients (%). Abbreviations: CCTA = Coronary CT Angiography; SPECT = Single Positron Emission
Cardiac Tomography; TTE = Transthoracic Echocardiography.





OEBPS/Images/CHD_19385-fig-2.png
100%
0%

80%

60%
50%
40%
30%

20%

0%

100%

Interarterial
p: 0.18

Exertional Syncope

39%

0%

Non interarterial AAORCA

p: 0.002

61%

AAOLCA





OEBPS/Images/table-4.png
Table 4: Inter-arterial vs. non inter-arterial course

Inter-arterial n=197 Non inter-arterial n=19 P
Symptoms 154 (78%) 11 (58%) 0.05
Chest pain 66 (34%) 7 (39%) 0.65
Exertional syncope 18 (9%) 0 0.18
Cardiac arrest 4 (2%) 0 0.54
Nonspecific 86 (44%) 4 (22%) 0.07
Stress-related symptoms 111 (56%) 5(26%) 0.01
Anomalous TTE 95/191 (50%) 14/19 (74%) 0.05
ST-segment ischemic alterations 17/189 (9%) 0 0.17
Anomalous ECG stress test 33/100 (33%) 1/9 (11%) 0.17
Anomalous CCTA 132/146 (90%) 13/14 (93%) 0.76
Anomalous stress-rest SPECT 15/27 (56%) 1/2 (50%) 0.88

Notes: Values are expressed as number of patients (%). Abbreviations: CCTA = Coronary CT Angiography; SPECT = Single Positron Emission
Cardiac Tomography; TTE = Transthoracic Echocardiography.
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Table 2: Diagnostic exams

Transthoracic echocardiography n =232

AAOQOCA visible 124 (53%)
ECG n=228
ST-segment abnormalities 21 (9%)
Q waves 7 (3%)
Ventricular extrasystole 8 (4%)
Exercise ECG stress test n=106
Ischemic response 37 (35%)
Stress-rest SPECT n=231
Ischemic response 16 (52%)
CCTA n=177
AAOCA detected 162 (92%)

Notes: Values are expressed as the number of patients (%). Abbreviations: AAOCA = Anomalous Aortic Origin of Coronary Artery;
CCTA = Coronary CT Angiography; SPECT = Single Positron Emission Cardiac Tomography; TTE = Transthoracic Echocardiography.





OEBPS/Images/CHD_19385-fig-1.png
Echocardiographical Diagnosis

AAORCA Interarterial Non interarterial
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Table 5: AAORCA with inter-arterial course vs. AAOLCA with inter-arterial course

Inter-arterial AAORCA Inter-arterial AAOLCA P

n=147 n=>50
Symptoms 120 (82%) 34 (68%) 0.04
Chest pain 52 (36%) 14 (28%) 0.32
Exertional syncope 7 (5%) 11 (22%) <0.001
Cardiac arrest 3 (2%) 1 (2%) 0.98
Nonspecific 69 (47%) 17 (34%) 0.10
Stress-related symptoms 83 (57%) 28 (56%) 0.95
Anomalous TTE 61/142 (43%) 34/49 (69%) <0.001
ST-segment ischemic alterations 14/141 (10%) 3/48 (6%) 0.44
Anomalous ECG stress test 24/78 (31%) 9/22 (41%) 0.37
Anomalous CCTA 103/110 (94%) 29/36 (81%) 0.02
Anomalous stress-rest SPECT 8/18 (44%)) 7/9 (78%) 0.10

Notes: Values are expressed as number of patients (%). Abbreviations: AAOLCA = Anomalous Aortic Origin of the Left Main/Anterior Descending
Coronary Artery; AAORCA = Anomalous Aortic Origin of the Right Coronary Artery; CCTA = Coronary CT Angiography; SPECT = Single Positron
Emission Cardiac Tomogranhv: TTE = Transthoracic Echocardiogranhv.
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