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Abstract: Background: The survival rate of patients following arterial switch operation (ASO) exceeds 95%, but coronary artery anomalies (CAA) contribute to a 2% incidence of sudden cardiac arrest later in life. Therefore, we aimed to assess abnormal findings of coronary arteries in post-ASO patients. Methods: Coronary computed tomography angiography (CCTA) is performed on post-ASO patients who meet institutional criteria. Intraoperative findings of coronary artery patterns were retrospectively reviewed and categorized using the Leiden classification system. Coronary artery anomalies were detected by CCTA and associations with coronary artery compromise were explored. Results: Forty-three patients who had CCTA with a median age of 15.6 years (12–21.3 years) were included in the study. Unusual coronary patterns were identified in 20 (46%) patients before ASO. CCTA identified 25 CAA in 22 patients (eleven with prepulmonic course, nine with interarterial course, three with acute take-off angle, and two with significant stenosis). Postoperative CAA was more common in patients with unusual coronary patterns (90% vs. 17.4%; p < 0.001). Nine patients experienced chest pain and two patients required coronary artery bypass graft. A common ostium of RCA and LAD or LMCA were associated with significant chest pain (OR 14.3%, 95% CI 2.5 to 82.3). Conclusions: Coronary artery anomalies in post-ASO are common. All post-ASO patients should have coronary artery imaging before participating in competitive sport and when they reach adolescence. Patients with unusual preoperative coronary artery patterns should undergo coronary artery imaging when feasible. Follow-up imaging studies are indicated in patients with post-operative coronary artery abnormalities.
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Abbreviations



	Ao
	aorta



	AOR
	adjusted odds ratio



	ASO
	arterial switch operation



	AR
	aortic regurgitation



	BMP
	beat per minute



	CAA
	coronary artery anomalies



	CABG
	coronary artery bypass graft



	CCTA
	coronary computed tomography angiography



	CI
	95% confidence interval



	COR
	crude odds ratio



	CMR
	cardiac magnetic resonance



	Cx
	circumflex artery



	d-TGA
	d-transposition of the great artery



	ECG
	electrocardiogram



	EST
	exercise stress test



	IMP
	index of myocardial performance



	IQR
	interquartile range



	IVS
	intact ventricular septum



	LAD
	left anterior descending artery



	LCA
	left coronary artery



	LM
	lecompte maneuver



	LMCA
	left main coronary artery



	LV
	left ventricle



	LVEF
	left ventricular systolic function



	METs
	metabolic equivalent



	MI
	myocardial ischemia



	MRI
	magnetic resonance imaging



	MRA
	magnetic resonance angiography



	NCC
	noncoronary cusp



	ND
	not done



	NF
	nonfacing sinus



	NSR
	normal sinus rhythm



	PBPV
	percutaneous balloon pulmonary valvuloplasty



	PS
	pulmonary stenosis



	PT
	pulmonary trunk



	PTA
	percutaneous transluminal angioplasty



	PVC
	premature ventricular complex



	RBBB
	right bundle branch block



	RCA
	right coronary artery



	RV
	right ventricle



	VSD
	ventricular septal defect




1  Introduction

The d-transposition of the great arteries (d-TGA) accounts for 5%–7% of all congenital heart defects. In 1975, Adib Jatene introduced the arterial switch operation (ASO) to replace the atrial switch operation to anatomically and physiologically correct d-TGA. This improved the 10-year survival rate to 97.7% and resulted in excellent long-term outcomes [1–5]. While late mortality from myocardial infarction occurs in less than 2% of post-ASO survivors [6–12], 3%–9% of this group of patients experience late, nonfatal myocardial infarction and significant coronary artery stenosis [1,11,13–18]. Coronary artery events after ASO are reported to have a bimodal pattern where about 90% of coronary events occur within the first three months, then decrease to almost zero, and slowly increase again after six years with an overall prevalence of up to 11% [13]. Few reports have described myocardial ischemic events in follow-up periods of ten years or longer [6,8,13,19]. Long-term coronary obstruction is due to progressive proximal eccentric intimal thickening, flow abnormalities leading to increased shear stress with progressive fibrocellular intimal thickening, ostial fibrosis at the suture line, and kinking or stretching with reactive injury from surgical manipulation [20].

Several studies have reported serious cardiac events including sudden cardiac death in post-ASO patients without prior chest pain or symptoms that suggest the presence of coronary stenosis [3,11,13,21]. Routine cardiac tests such as electrocardiogram (ECG), echocardiography, exercise stress test (EST), and myocardial scintigraphy have low sensitivity to detect myocardial ischemia. The sensitivity of each of these tests has been reported to be less than 50% and a combination of all tests increased the sensitivity to only 70% [13]. Some studies have suggested that coronary computed tomography angiography (CCTA) may be used to detect coronary artery anomalies [15,17,22]. The 2020 Appropriate Use Criteria on follow-up imaging in patients with congenital heart disease [23] recommends that asymptomatic post-ASO adults and symptomatic patients that experience changes in clinical status and/or new concerning signs and symptoms of myocardial ischemia should be evaluated for coronary imaging. However, there is no strong evidence suggesting when and how the coronary arteries of post-ASO pediatric patients should be evaluated.

Therefore, we aimed to assess coronary artery anatomy, its patency, and abnormal findings in pediatric patients who underwent ASO in early infancy. We used CCTA to evaluate coronary arteries because of its advantages in providing information on the underlying mechanism of coronary luminal narrowing whether from stretching, compression, or intramural course.

2  Material and Methods

2.1 Study Population

The protocol was approved by the Institutional Review Board of Siriraj Hospital (Si 351/2019). Between 1992 and 2019, 170 patients with d-TGA underwent ASO in the Faculty of Medicine Siriraj Hospital, a tertiary care center in Bangkok, Thailand. Of those who underwent ASO (170 cases), seventeen patients follow up at other hospitals. Fifteen patients were peri-operative dead. Ninety-five patients did not meet institutional inclusion criteria as the majority of them are still under 16 years of age.

Our institutional inclusion criteria are 1) patients in early adolescence, 2) experience any symptomatic chest pain or changes in clinical status, 3) innate (preoperative) abnormal coronary patterns and intend to participate in competitive sport. Therefore, only forty-three patients were included to this study. Therefore, data were reviewed from forty-three patients who had undergone ASO and received CCTA based on the criteria for imaging after ASO.

Preoperative coronary artery patterns were identified and addressed by both preoperative echocardiography and operative note (direct inspection by surgeon).

All clinical data including ECG, echocardiography, exercise stress test (EST), CCTA, cardiovascular risk factors such as hypertension and obesity, medications and reoperation during the follow-up period were collected from the Pediatric Cardiology Division database.

2.2 Clinical Evaluation

Individual operative notes were reviewed to obtain initial coronary artery patterns visualized during surgery. The Leiden classification was used to describe coronary artery patterns [24]. A usual coronary artery pattern was defined as left anterior descending artery (LAD) and circumflex coronary artery (LCx) arising from sinus 1 and right coronary artery (RCA) from sinus 2 (1LCx-2R) (Fig. 1). Clinical data from the Cardiology clinic database and telephone interviews regarding myocardial ischemia-related symptoms such as chest pain during exertion and relieved by rest, recurrent episodes of typical and atypical angina chest pain without improvement by medical treatment of musculoskeletal and gastrointestinal tract problems, and dyspnea on exertion were obtained and recorded.
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Figure 1: Preoperative usual coronary artery patterns in d-TGA. (A) Coronary artery pattern from a 2D echocardiographic view. (B) Frontal view of coronary pattern using the leiden classification. Clinicians sit in nonfacing sinus of the aorta and looking towards the pulmonic valve. The right-hand facing sinus is sinus 1 and left-hand facing sinus is sinus 2. Thus, a usual coronary artery pattern would be 1LCx-2R (NF = nonfacing sinus; 1 = facing sinus 1; 2 = facing sinus 2; PT = pulmonary trunk; Ao = Aorta; L = left anterior descending artery (LAD); Cx = left circumflex artery (LCx); R = right coronary artery (RCA); Ant = anterior; Post = posterior; R = right; L = left)

2.3 Coronary CTA

All CCTA was performed by using a contrast-enhanced, dual-source, 256 slices CT system (Somatom Definition, Siemens Healthcare, Germany) according to established guidelines [17,25]. Images in post-ASO patients were performed to assess coronary artery courses, neo-aorta and neo-pulmonary vessels, and myocardial function. An ECG-gated CCTA of the entire chest was acquired. Prior to CCTA, laboratory tests and ECG were performed. Patients who had a heart rate >70 beats per min (bpm) usually required pre-medication, such as a single dose oral beta-blocker under the supervision of attending cardiologists to obtain an optimal heart rate during the examination. In patients with a heart rate below 70 bpm, a prospective triggering was applied to reduce the dose of radiation. However, in patients with a heart rate above 70 bpm, retrospective gating or adaptive sequential scan was considered. Acquisition parameters were selected based on the patient’s size to reduce radiation dose. The acquisition was performed after intravenous administration of contrast media with a concentration of iodine 350–370 mg/ml and a flow speed of 1.2–1.8 ml/s (depending on the patient’s body weight and intravenous access size). The acquisition was automatically triggered after reaching the threshold of saturation in the descending aorta. Reconstructions were performed with an interval of 10% of the R-R interval for the phase from 0% to 70% using retrospective gating (diastole) and with the same intervals with prospective triggering in the range automatically selected by the scanner. The images were then reconstructed in the workstation and interpreted by two cardiologists (CV, PWC) and a radiologist (KP) trained in cardiac imaging.

2.4 Image Analysis

Two cardiologists analyzed coronary artery anatomy. Coronary artery anomalies (CAA) included, 1) significant coronary stenosis (visual grading ≥ 50% luminal narrowing), 2) acute take-off angle (angle between the proximal coronary artery and the aortic wall <45°), 3) interarterial course, and 4) prepulmonic course as described in the literature [25–28].

2.5 Statistical Analysis

Analysis was performed using SPSS for Windows, version 22 (released 2013. IBM Corp, Armonk, NY, USA). Mean with standard deviation or median with interquartile range were used to describe continuous data, while percentages were used to describe categorical data. Patients were divided according to the presence of either usual coronary artery pattern (1LCx-2R), or unusual coronary pattern (other than 1LCx-2R pattern). Univariate analyses were initially performed to compare findings between the two groups. Predictive models for significant chest pain symptoms were analyzed using binary logistic regression. All statistical analyses were two-tailed, and a significance level of 0.05 was used to calculate the adjusted odds ratio and 95% confidence interval.

3  Results

3.1 Patient Characteristics

We analyzed 43 cases (67% male) that received coronary CTA after ASO. The median age at CCTA was 15.6 years (interquartile range; IQR, 12–21.3 years). There were 14 (33%) cases of simple d-TGA, 24 (56%) d-TGA with ventricular septal defect, and five (11%) Taussig-Bing anomalies. The median age at surgery was 16.5 days (IQR, 12–58 days) in simple d-TGA, and three months (IQR, 1–6 months) in d-TGA with ventricular septal defect (VSD) and Taussig Bing anomaly patients. Preoperatively, a usual coronary artery pattern was observed in 23 of 43 (53%) patients. During the follow-up period, five cases required percutaneous balloon pulmonary valvuloplasty (PBPV) due to severe pulmonic valve stenosis. Three patients underwent right ventricle to pulmonary valve conduit replacement due to severe subvalvular and valvular pulmonary stenosis from a small annulus. One patient had significant aortic root dilatation and needed aortic root replacement. Two patients underwent coronary artery bypass graft (CABG) surgery. All patients, except the two post-CABG patients, had good left ventricular systolic function (left ventricular ejection function (LVEF) 65.5% ± 7.9%).

3.2 Coronary Computed Tomography Angiography Results and Symptoms

The most common types of unusual coronary patterns were 2LCxR and 1L-2CxR (5 patients in each group), each accounting for 11.6% (Fig. 2). Twenty-two (51%) cases were found to have CAA from CCTA. Twelve patients had acquired abnormal coronary patterns whereas, ten patients had CAA (prepulmonic course) related to innate abnormal coronary patterns. Postoperative CAA were more often observed in patients with unusual coronary patterns (90% vs. 17.4% P < 0.001, Table 1). Of those who had CAA, fourteen patients were asymptomatic, and eight patients experienced chest pain or change in functional class.
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Figure 2: Leiden classification and coronary artery pattern as depicted by 2D echocardiography (NF = nonfacing sinus; 1 = facing sinus 1; 2 = facing sinus 2; PT = pulmonary trunk; Ao = Aorta; L = left anterior descending artery (LAD); Cx = left circumflex artery (LCx); R = right coronary artery (RCA); Ant = anterior; Post = posterior; R = right; L = left)
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Characteristics of symptomatic patients are shown in Tables 2 and 3. Two of these patients had significant coronary artery stenosis and the evidence of myocardial ischemia from adenosine stress cardiovascular magnetic resonance (CMR) and underwent CABG surgery. The first patient (#1 in Tables 2 and 3) with a usual coronary pattern experienced dyspnea on exertion and a decline in functional class I to functional class II 24 years after ASO. An exercise stress test showed depression in ECG lead II, III, aVF at less than 7 METs. Adenosine stress CMR showed myocardial ischemia at basal to apical anterior and anteroseptal wall. Coronary CTA showed an interarterial course of LMCA that was significantly compressed by the left pulmonary artery (LPA) and aorta. The LVEF improved from 36% five months after CABG surgery to 63% one year postoperatively. The second patient (#2 in Tables 2 and 3) with an unusual coronary artery pattern (1RL-2Cx) experienced typical angina pain and was admitted to the hospital due to cardiogenic shock one year after ASO. Myocardial perfusion imaging with thallium-201 was performed showing a large area of infarction at the anteroseptal and posteroinferior ventricular wall. The intraoperative finding was 80% stenosis of the coronary ostial at the implantation site that supplied blood to the RCA and LAD. The patient underwent coronary artery bypass graft (CABG) and suffered long-term residual myocardial dysfunction.
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Apart from two patients who have myocardial ischemia and underwent CABG, the remaining of symptomatic patients (Tables 2 and 3) did not have the evidence of myocardial ischemia from adenosine stress CMR or EST. Although there was no evidence of myocardial ischemia, six out of eight had CAA from CCTA. All the remaining symptomatic patients did not required surgery.

Among subjects with a single coronary artery and common ostium of the RCA and LAD 60% (6 out of 10 patients) reported multiple episodes of chest pain (all symptomatic patients also had prepulmonic course of coronary artery after ASO), compared with 9% (3 of 33 cases) of patients with other coronary artery patterns (adjusted OR = 14.3%, 95% CI (2.5–82.3); P = 0.003) (Table 4). Of those who have preoperative unusual coronary patterns, prepulmonic course was found in 11 (55%) patients including 1R-2LCx, 1RL-2Cx, 1RLCx, and 2LCxR (Figs. 2 and 3). Six of 11 (54%) patients in this group experienced significant chest pain (crude OR = 11.6%, 95% CI (2.1–62.2), P = 0.001). Interarterial courses were seen in nine patients (20%), and two of those patients reported significant chest pain (22%). Among them, seven patients had an interarterial course of LAD or LMCA, while two patients had an interarterial course of RCA (Fig. 4). Acute take-off angle occurred in three patients (6.9%); each had high take-off (coronary ostia located above the sinotubular junction) [29], but none had significant coronary stenosis (Fig. 5). The mean aortic root z score in patients post-ASO was 4.71 ± 2.4 [30].
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Figure 3: Coronary CTA with 3-dimensional reconstruction. (A) shows the origin of LAD from the right coronary cusp with prepulmonic course in patients with 2LCxR. (B–D) show the prepulmonic course of RCA in 1RL-2Cx, 1RLCx and 1R-2LCx, respectively
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Figure 4: Coronary CTA with selected coronary features. (A) Interarterial course of the LAD without significant stenosis in the axial. (B) Interarterial course of LAD with significant compression by LPA and neoaorta. (C) 3-dimensional reconstruction of significant narrowing of interarterial course of LAD
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Figure 5: In a patient with preoperative 2LCxR pattern. (A) Acute take-off angle of LCA in the coronal. (B) The LCA and RCA arise from noncoronary cusp (NCC) as reimplantation site in the axial view. (C) 3-dimensional reconstruction of coronary distribution
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4  Discussion

Coronary artery anomaly was observed in approximately 50% of patients that underwent CCTA according to our institutional criteria. These findings were consistent with previous studies that reported the incidence of coronary artery anomalies to be between 20% and 60% [14,16–18]. Two previous studies reported that up to 80% of patients had usual preoperative coronary artery patterns [17,18]. In contrast, nearly half of our patients had unusual preoperative coronary artery patterns. This could explain the high incidence of prepulmonic course (25%) in our study, compared to 6%–11% in other reports [16,21,31,32]. We identified late significant coronary artery stenosis (≥50% narrowing of coronary arteries) in two of 43 (4.6%) of cases, which is consistent with previous studies that reported late coronary stenosis in 3% to 7.1% [14,16–18,21]. Our first case with significant coronary artery stenosis developed dyspnea on exertion. The adenosine-stress CMR imaging showed evidence of myocardial ischemia in the LAD region due to interarterial course and significant compression of the LAD coursing between the neo-aorta and the LPA. Changes during growth and development may cause the transplanted coronary arteries to shift to a more anterior position. This can lead to excessive anterior positioning of the LCA or LAD (between 12 and 1 o’clock on the neo-aorta), leading to an interarterial course of the coronary artery. This artery may then become compressed between the two great vessels, resulting in late stenosis and myocardial ischemia [4]. Although seven of our nine (89%) patients with an interarterial course did not experience myocardial ischemia-related symptoms or significant stenosis on CCTA, they are predisposed to develop significant stenosis later in life and this could lead to sudden cardiac death. According to the 2018 AHA/ACC Guidelines, surgery is recommended for the anomalous aortic origin of the left coronary artery from the right sinus, even in asymptomatic patients [33]. However, there is no recommendation for an interarterial course of the left coronary artery for post-ASO patients without evidence of myocardial ischemia. For these reasons, patients are restricted from all competitive sports and undergo stress imaging and serial coronary imaging to prevent serious cardiac events. The presumptive mechanism of obstruction in the second case with significant coronary artery stenosis patient was an unusual surgical technique using autologous graft to lengthen coronary artery ostia to prevent coronary artery stretching that may have resulted in a small caliber of the constructed vessel and coronary obstruction.

Three of our patients had an acute take-off angle of the coronary artery; one had severe aortic root dilation (sinus of Valsalva diameter was 44 mm, z score = 8), and two had aortic root z scores ≥ 3. Previous studies have reported that more than 50% of adults with sudden cardiac death had acute take-off angle of the coronary artery and developed late coronary compression from progressive dilation of the aortic root dilatation [28,34,35]. Although all patients with acute take-off angle of coronary artery in our study might risk of coronary compression later due to severe aortic root dilatation, they had high take-off coronary artery created from surgical procedure as a protective mechanism to prevent significant compression due to the long distance between coronary ostium and aortic root.

We identified a statistically significant correlation between angina or significant, repeated chest pain and a single coronary artery or a common ostium of RCA and LAD, despite no significant coronary obstruction on CCTA. This might be because single coronary arteries or a common ostium of two major coronary arteries (RCA and LAD) were vulnerable to inadequate blood flow during strenuous exercise or heavy exertion. Furthermore, chest-related symptoms can be compounded by a prepulmonic course of coronary arteries in patients with a single coronary ostium. Sanford et al. reported a patient who had a single coronary artery with a prepulmonic course of LCA and was diagnosed with Prinzmetal’s angina. Intravenous ultrasound demonstrated 50% stenosis of the stretching part of the LCA without evidence of atherosclerosis and worsening to 80% stenosis after inducing spasm by acetylcholine [36]. This could also be explained by looping around the great vessels in the prepulmonic course leading to stretching and possibly later stenosis, especially with the geometric changes that occur during growth and development [37].

Tsuda et al. reported that some patients were found to have almost total obliteration of the coronary artery ostium in the second imaging despite a normal coronary artery on previous coronary angiography [11,12]. Several studies have reported a strong correlation between isolated congenital CAA such as acute take-off angle, interarterial course, intramural or muscular bridge, and sudden cardiac death [28,35,38]. Hence, the main goal for patients with postoperative coronary artery translocation, whether symptomatic or asymptomatic, is to prevent life-threatening events, even in the absence of exercise-induced myocardial ischemia. It is crucial to detect coronary artery anomalies before myocardial infarction or severe cardiac events occur.

5  Study Limitations

Our study was a single-center retrospective review which have a limited number of participants. Additionally, according to our institution criteria of being performed CCTA to evaluate coronary anatomy might be selection bias because we enrolled all patients with innate abnormal coronary patterns before they participate in competitive sports, therefore, there was a significant high prevalence of preoperative unusual coronary patterns. This might be the reason why we found high prevalence of CAA from CCTA. Another point to concern is we did not perform CCTA in patients with usual coronary pattern who have not reach adolescence or asymptomatic. Therefore, the prevalence of CAA in this report might be underestimated.

6  Conclusion

Coronary artery anomalies such as prepulmonic course, interarterial course, acute take-off angle, and significant coronary stenosis are common in d-TGA patients after ASO. We propose that all patients require coronary artery imaging after ASO at least once before participating in sports and when they reach adolescence. Patients with unusual coronary patterns should have coronary artery imaging as soon as feasible. Patients who undergo ASO with unusual surgical technique or experience any unexplained cardiac symptoms should be evaluated promptly with coronary artery imaging. Serial imaging should be considered, especially in cases with coronary artery anomalies detected in the prior CCTA. Long-term data are needed to determine the optimal interval for serial coronary imaging.
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Table 1: Coronary artery anomalies from coronary CTA in d-TGA with ASO

Total Usual coronary Unusual coronary P-value

n=43 artery pattern n=23 artery patterns n =20
Significant coronary artery stenosis 2 (4.6%) 1 (4.3%) 1 (5%) 0.91
(>50% luminal narrowing)
Acute take-off angle (angle <45°) 3 (7.8%) 1 (4.3%) 2 (10%) 0.55
Interarterial course 921%) 3 (13%) 6 (30%) 0.26
Prepulmonic course 11 (29%) O 11 (55%) <0.001
Total coronary anomalies 22 (51%) 4 (17.4%) 18 (90%) <0.001

Note: 4 cases had two lesions; interarterial course + significant coronary artery stenosis, prepulmonic course + significant coronary artery stenosis,
interarterial course + acute take-off angle, and interarterial course + prepulmonic course.
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Table 3: Investigation and intervention of patients with myocardial ischemia-related symptoms

Patient ECG Echocardiogram EST Adenosine- CCTA/coronary  CABG
number stress CMR angiogram
1 NSR, Fair LV function, ST-T depression LAD territorial Interarterial course Yes
RBBB, LVEF 80%, IMP in I, III, aVF,  myocardial of LMCA with
occasional 0.4, mild AR, V5-6 at 7 METs ischemia significant stenosis
PVC
2 NSR, ST LVEF 18%, ND Thallium scan: Severe stenosis of Yes
depression  moderate AR inferior-septal LAD and RCA
IL, III, aVF, wall infarction ostium
V4-6
3 NSR Normal LV and  ST-T depression Normal Interarterial course No
RV function, mild in V1-4 at of LAD without
supravalvular PS 4 METs significant stenosis
4 NSR, RBBB Normal LVand ND Normal Normal No
RV function
5 NSR, RBBB Normal LVand ND ND Prepulmonic No
RV function course of RCA
6 NSR, RBBB Normal LVand ND ND Prepulmonic No
RV function, course of RCA
moderate AR
7 NSR Normal LVand ND Normal Prepulmonic No
RV function, LPA course of RCA
stenosis s/p PTA
8 NSR, RBBB Normal LVand Negative EST, ND Prepulmonic No
RV function 7 METs, course of LAD
deconditioning
9 NSR Normal LV and  Negative EST ND Prepulmonic No
RV function, mild course of LAD
AR
10 NSR, RBBB Normal LVand ND Normal Normal No
RV function, mild
AR

Note: AR =aortic regurgitation; CABG: coronary artery bypass graft; IMP = index of myocardial performance; LPA = left pulmonary artery; LV = left
ventricle; METs = metabolic equivalent; ND = not done; NSR = normal sinus rhythm; PS = pulmonary stenosis; PTA = percutaneous transluminal
angioplasty; PVC = premature ventricular complex; RBBB = right bundle branch block; RV = right ventricle.
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Table 4: Crude and Adjusted Odds Ratios (COR and AOR) of the logistic regression analysis for factors

associated with significant chest pain

Coronary arteries Chest COR P- AOR P-
pain (%) (95% CI) value (95% CI) value

Significant stenosis 1 (50%) 4.1 (0.23-73.2) 0.30  2.76 (0.08-93.9) 0.57

Interarterial course 2 (22%) 0.9 (0.16-5.39) 0.93 - -

Prepulmonic course of coronary arteries 6 (54%) 11.6 (2.1-62.2) 0.001 - -

A common ostium between RCA 6 (60%) 15 (2.6-85) 0.001 14.3 (2.5-82.3) 0.003

and LAD or LMCA
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Table 2: Characteristic of symptomatic patients

Patient Sex Symptoms Initial Coronary Initial operation Age at
number diagnosis  artery CCTA
types (years)
1 F  Dyspnea on exertion d-TGA/ Usual ASO/LM 23
VS
2 F  Typical chest pain with ~ Taussig- IRL-2Cx  ASO/LM; VSD closure with 11
cardiogenic shock Bing one-way valve technique
anomaly
3 F  Pallor during exercise,  d-TGA/ 1L-2CxR  ASO/LM 4.5
chest pain on exertion VS
4 M  Chest pain on exertion  d-TGA/ Usual ASO/LM 27
VSD
5 M  Chest pain at rest 5 min, d-TGA/ IRL-2Cx  ASO/LM, VSD closure 22.5
self-resolved VSD
6 F  Recurrent chest pain both d-TGA/ IRLCx ASO/LM, VSD closure 21
on exertion and at rest VSD
7 M Dyspnea on exertion, d-TGA/ IRLCx ASO/LM 16
atypical chest pain at rest IVS
8 F  Recurrent chest pain at  d-TGA/ 2LCxR ASO/LM, VSD closure 11
rest VSD
9 F  Recurrent chest pain at  d-TGA/ 2LCxR ASO/LM, VSD closure 10
rest VSD
10 M  Chest pain during d-TGA/ Usual ASO/LM, VSD closure 17
swimming VSD

Note: F = female; LM = LeCompte maneuver; M = male.
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