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Abstract: Background: Mechanisms and clinical manifestations of coronary artery complications after right ventricular outflow tract reconstruction surgery are not well known. Methods: Patients who had coronary artery complications after pulmonary valve replacement or the Rastelli procedure at a single tertiary centre were retrospectively analysed. Results: Coronary artery complications were identified in 20 patients who underwent right ventricular outflow tract reconstruction surgery. The median age at diagnosis of coronary artery complication was 21 years (interquartile range: 13–25 years). Mechanisms of coronary artery complications were compression by adjacent materials in 12 patients, dynamic compression of intramural course of coronary artery in two patients, and intraoperative injury in six patients. Congenital coronary artery anomalies were identified in 50% (10/20) of patients. Four patients presented with early postoperative haemodynamic instability. Fourteen patients showed late onset symptoms or signs of coronary insufficiency, including chest pain, ventricular dysfunction, or ventricular arrhythmias. Coronary artery stenosis was incidentally found on cardiac computed tomography angiography in two asymptomatic patients. Four patients underwent surgical interventions, and one patient underwent percutaneous coronary intervention for coronary stenosis. One patient with recurrent ventricular tachycardia required an implantable cardioverter-defibrillator. There were two deaths in patients with intraoperative coronary injury. Conclusion: Preoperative coronary evaluation and long-term follow-up for the development of coronary artery complications are required in patients undergoing right ventricular outflow tract reconstruction surgery to prevent ventricular dysfunction, arrhythmias, and death, especially among those with congenital coronary anomalies.
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1  Introduction

After repair of tetralogy of Fallot, patients with significant pulmonary regurgitation often require pulmonary valve replacement (PVR) [1]. In other conotruncal anomalies, such as pulmonary atresia with ventricular septal defect (VSD), truncus arteriosus, double outlet right ventricle and transposition of great arteries with pulmonary stenosis, the Rastelli procedure, which includes a VSD closure and extracardiac conduit interposition between the right ventricle (RV) and pulmonary artery (PA), is performed [2,3]. In patients undergoing such right ventricular outflow tract (RVOT) reconstruction surgery, mortality has been reported to range from 1.2% to 8.5%, and reoperation due to a prosthetic valve or conduit failure has been reported in 7.1%–51% [1–4]. It is also known that an increase in the number of sternotomies is associated with an increase in operative mortality [5,6]. Therefore, strategies should be developed to reduce the mortality rates in patients undergoing multiple RVOT reconstruction surgeries.

Coronary artery complications (CAC) after RVOT reconstruction surgery, which may be one of the causes of postoperative mortality, have been overlooked and there have been only two case reports [7,8]. Therefore, this study was conducted to raise awareness of early diagnosis of CAC and to improve outcomes by investigating the mechanism and clinical manifestations of CAC after RVOT reconstruction surgery in 20 patients. An initial presentation of this study was made on 19 patients [9]; however, another patient with CAC was later identified.

2  Material and Methods

2.1 Study Design and Participants

This retrospective analysis complies with the ethical guidelines of the 1975 Declaration of Helsinki, and it was approved by the Institutional Review Board of Seoul National University Hospital (date of approval: July 4th, 2019; Number: H-1905-078-1033). The requirement for informed consent was waived due to the retrospective study design and the absence of any clinical intervention performed.

We identified patients with congenital heart disease (CHD) who underwent PVR or the Rastelli procedure from March 1987 to February 2019 at Seoul National University Children’s Hospital. Among these patients, those with more than 50% of coronary artery stenosis or coronary occlusion on cardiac computed tomography angiography (CTA) and/or invasive coronary angiography (ICA) were finally enrolled for analysis. Because coronary artery stenosis after coronary artery transfer surgery is a well-known complication [10–12], we excluded patients who previously underwent arterial switch operation or Ross operation.

We collected patients’ demographic data and medical history, including diagnosis of CHD, number of previous open cardiac surgeries, and type and size of prosthetic valve or conduit. Patients’ symptoms, such as chest pain, dyspnoea on exertion, palpitation, or cardiac arrest were evaluated. Resting, exercise, and ambulatory electrocardiograms (ECG) were analysed to identify ventricular tachycardia (VT), newly developed ST segment changes, or pathological Q-waves [13]. We reviewed echocardiography to identify newly developed systolic ventricular failure, regional wall motion abnormalities (RWMA), and increased myocardial echogenicity in the territory of the affected coronary artery [14]. In patients who underwent cardiac magnetic resonance imaging (CMR), we assessed global and regional ventricular function and late gadolinium enhancement of myocardium [13]. Persistent or reversible myocardial perfusion defects were identified in patients who underwent myocardial single-photon emission computed tomography (SPECT) [15].

2.2 Statistical Analysis

Categorical variables were reported in frequency and percentage. Continuous variables were presented as median and interquartile range (IQR).

3  Results

3.1 Demographics

Of the 544 patients who underwent PVR or the Rastelli procedure from March 1987 to February 2019 (32 years), CAC was diagnosed in 20 patients (3.7%) following RVOT reconstruction surgery. All patients’ demographic data, diagnoses and treatment for the underlying CHDs are described in Table 1. The median age of the patients at the time of the study was 25 years (IQR, 18-27 years), except two patients died. The median number of previous open cardiac surgeries and RVOT reconstruction surgeries before diagnosis of CAC were 3 (IQR, 2–4) and 2 (IQR, 1–3), respectively.
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3.2 Mechanisms of CAC

Mechanisms of CAC were compression by an adjacent RVOT patch, conduit, or prosthetic valve in 12 patients; dynamic compression of intramural course of the coronary artery in two patients; and intraoperative injury in six patients. The right coronary artery (RCA) was involved in ten patients; left anterior descending coronary artery (LAD) in eight patients; and left main coronary artery (LCA) in two patients. The types of CAC were classified according to the mechanism of CAC, involved coronary artery, and presence of coronary artery anomaly (Table 2 and Fig. 1).
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Figure 1: Schematic diagrams of coronary artery complications after right ventricular outflow reconstruction surgery. Red arrows indicate areas of compressed or damaged coronary arteries
Note: L: left coronary cusp, LAD: left anterior descending coronary artery, LCA: left main coronary artery, LCX: left circumflex coronary artery, n: number of patients, NCC: non-coronary cusp, R: right coronary cusp, RCA: right coronary artery. *The types of coronary artery complications were classified according to the rules described in Table 2.

3.3 Clinical Manifestations of CAC

The clinical features of patients were divided into the following three categories according to the presence of symptoms or signs of coronary insufficiency and the timing of their onset (Table 3). The median age at diagnosis of CAC was 21 years (IQR, 13–25 years). The median time to diagnosis of CAC from the last RVOT reconstruction surgery was 9 years (IQR, 3–12 years). Congenital coronary anomaly was identified in half of patients with CAC.
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3.3.1 Patients with Early Postoperative Haemodynamic Instability

Three patients (patients 1, 2, and 4) experienced ventricular arrhythmias within postoperative day 3, and two of them needed extracorporeal membrane oxygenation support. In patients 1 and 2, the RCA was temporarily compressed by RV-to-PA conduit immediately after the operation; however, the tissue oedema around the conduit improved over time, prompting resolution of RCA compression without surgical intervention. Patient 4 was a 23-year-old man, who experienced intraoperative cardiac arrest during the 3rd RV-PA conduit change surgery. Postoperative echocardiography showed left ventricular (LV) dilatation, wall thinning, and severe dysfunction (ejection fraction [EF]: 15%). On the 3rd postoperative day, ICA confirmed LAD injury, and on-pump beating coronary artery bypass graft surgery was performed. However, he had recurrent VT and ventricular fibrillation, and eventually died due to brain injury.

Another infant (patient 3), who underwent Rastelli operation for truncus arteriosus at the age of 14 days, experienced cardiac arrest two months after the surgery. An ECG before the arrest showed ST depressions on lead V1–6 and ST elevations in lead III and aVF (Fig. 2A). Echocardiography showed progressing LV outflow tract obstruction (peak pressure gradient; 85 mmHg), LV dysfunction (EF 40%), and increased myocardial echogenicity of the interventricular septum (Fig. 2B). She underwent LV outflow tract obstruction relief surgery and unroofing of intramural course of the LAD, which was discovered in the operating room. After the surgery, ST changes normalised and LV dysfunction improved (Figs. 2C and 2D).
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Figure 2: Acute coronary event in patient 3 who underwent Rastelli procedure for truncus arteriosus
Note: (A) Electrocardiogram before cardiac arrest showed ST depressions on lead V1–6 and ST elevations in lead III and aVF. (B) Echocardiography after cardiac arrest showed increased septal echogenicity due to myocardial ischemia. (C) After unroofing of intramural course of left coronary artery, ST changes were normalised. (D) Before discharge, echocardiography showed normalized interventricular septal wall echogenicity.

3.3.2 Patients with Late-Onset Symptoms or Signs of Coronary Insufficiency

Thirteen patients showed ventricular dysfunction on echocardiography or CMR at median 3.5 years after the RVOT reconstruction surgery; however, the median time to diagnosis of CAC was 10 years after the RVOT reconstruction surgery. Among the patients with ventricular dysfunction, one patient (patient 18) who had distal LAD injury and interarterial course of RCA experienced sudden death one year after diagnosis of CAC. The last follow-up echocardiography showed mild LV dysfunction (EF 45%) with decreased apical wall motion and CMR showed delayed enhancement of LV anteroinferior wall. However, he had been observed for CAC without any medical or surgical intervention since he was in a good functional class. Unfortunately, the patient died at the age of 26 years at another hospital and the cause of death could not be found. Another patient (patient 15) was admitted due to sustained VT, 11 years after the second PVR. Echocardiography showed severe LV dysfunction (EF 20%) with increased echogenicity of the interventricular septum (Fig. 3A). CMR and myocardial SPECT suggested myocardial infarction in the LAD territory (Figs. 3B and 3C). Although coronary CTA showed normal proximal coronary arteries, ICA revealed significant mid-LAD hypoplasia and scarce septal branches. He required an implantable cardioverter-defibrillator (ICD) due to recurrent VT and persistent LV dysfunction.
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Figure 3: Lately detected myocardial perfusion defect in patient 15 who underwent Rastelli procedure for double outlet right ventricle with pulmonary stenosis
Note: (A) Echocardiography showing increased echogenicity of the interventricular septum (red arrow). (B) Cardiac magnetic resonance imaging shows diffuse transmural delayed enhancement (red arrow heads) in the basal to apical inferoseptal and inferior wall. (C) Myocardial single-photon emission computed tomography shows a persistent perfusion defect on stress and rest in the mid-basal inferoseptal and basal anteroseptal wall (red open arrows).

Four patients complained of atypical chest pain, of whom three had ventricular dysfunction and non-sustained VT on Holter monitoring. The other one patient was a 39-year-old man (patient 8) who visited the emergency department with atypical chest pain at 33 years after the RVOT reconstruction surgery. Even though ECG showed no ST-T change, echocardiography revealed normal ventricular function, and cardiac enzymes were within normal ranges; ICA showed severe RCA ostial stenosis adjacent to the conduit and aneurysmal dilatation of proximal RCA (Fig. 4A). Percutaneous coronary balloon angioplasty and drug-eluting stent insertion was performed with Resolute Onyx™ (Medtronic Inc., Santa Rosa, California, USA) 2.75 × 12 mm, and the stenosis was improved (Fig. 4B).
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Figure 4: Percutaneous coronary intervention in patient 8 who performed Rastelli procedure for transposition great arteries and pulmonary stenosis.
Note: (A) Selective right coronary angiography showing severe right coronary artery ostial stenosis (red arrow) adjacent to the conduit and aneurysmal dilatation of the proximal portion. (B) After percutaneous coronary intervention, the stenosis is improved (red arrowhead).

3.3.3 Asymptomatic Patients

In two patients (patients 19 and 20), coronary artery stenosis was incidentally detected in cardiac CTA. They did not have any symptoms, ventricular dysfunction, or decrease in perfusion upon myocardial SPECT. However, retrospective ECG analysis revealed ST depressions in inferolateral leads on exercise ECG in patient 19, and transient ST depressions in lateral precordial leads on postoperative day 1 ECG in patient 20.

3.4 Treatment for the CAC

Four patients underwent surgical treatment for the CAC. In addition to the previously mentioned two patients (patients 3 and 4), patient 9 underwent surgical removal of calcified tissue during the fourth PVR and patient 10 underwent unroofing of intramural course of the RCA during the third PVR. In patient 9, a postoperative cardiac CTA showed improved RCA stenosis (Figs. 5A and 5B); however, CMR performed at 4 years postoperatively showed no improvement of RV dysfunction (RV EF: 29.4%) and RWMA in the RV inferior and anterior wall.
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Figure 5: Surgical intervention in patient 9, who had undergone pulmonary valve replacement for double outlet right ventricle and pulmonary stenosis
Note: (A) Cardiac computed tomography angiography showing the ostium of the right coronary artery compressed by the adjacent calcified patch (red arrow). (B) After removal of calcified tissue and replacement with a new prosthetic valve, the coronary compression was relieved (red open arrow). RCA: right coronary artery, RVOT: right ventricular outflow tract.

Including two patients who underwent interventional and surgical treatment for CAC (patients 8 and 9), and the patient with ICD implantation (patient 15), a total twelve patients had been taking medication for heart failure. Six patients were prescribed anti-platelet drugs, and three patients were taking warfarin (Table 3). The clinical courses of all patients are summarized in Fig. 6.
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Figure 6: A summary of clinical courses of all patients with coronary artery complications after right ventricular outflow tract reconstruction surgery
Note: CABG: coronary artery bypass graft, ECMO: extracorporeal membrane oxygenation. LCA: left main coronary artery, ICD: implantable cardioverter defibrillator, NSVT: nonsustained ventricular tachycardia, PCI: percutaneous coronary intervention, PVR: pulmonary valve replacement, RCA: right coronary artery, RVOTR: right ventricular outflow tract reconstruction surgery, VT: ventricular tachycardia.

4  Discussion

Following RVOT reconstruction surgery, CAC had developed at a younger age than typical coronary artery disease (CAD). CAC after RVOT reconstruction surgery have different mechanisms compared with typical CAD, which is caused by the accumulation of atherosclerotic plaque in the coronary arteries. A calcified conduit or prosthetic valve and anatomically narrow space between the aorta and RVOT can cause coronary artery stenosis, kinking, or occlusion after RVOT reconstruction surgery. The risk of the CAC can be increased in patients with coronary artery anomaly. Moreover, multiple previous open cardiac surgeries can pose a risk of intraoperative coronary injury during the RVOT reconstruction surgery. However, current clinical practice guidelines of adult CHD do not cover this problem, and indications of imaging and functional evaluation are not established in the follow-up of patients after RVOT reconstruction surgery [16].

Coronary artery malformations are frequently associated with conotruncal anomalies [17,18]. Further, the position of the coronary orifices on the aortic/truncal circumference varies according to the degree of rotation of the outflow tract [19]. Therefore, in all patients undergoing RVOT reconstruction surgery for conotruncal anomalies, it is necessary to confirm the presence of coronary anomaly and the course of the coronary artery before the surgery. If a coronary anomaly is suspected in echocardiography, coronary CTA should be performed before the initial RVOT reconstruction surgery to prevent CAC. Particularly, an anomalous aortic origin of the coronary artery (AAOCA) with an inter-arterial course is associated with myocardial ischaemia, arrhythmia, syncope, and sudden death, as it is prone to dynamic compression during physical exercise [20–22]. AAOCA with intramural course, where the proximal part of the anomalous vessel embedded in the aortic tunica media, is the most threatening feature [22]. If these malignant features are diagnosed by preoperative imaging or confirmed in the operating room, concomitant surgical correction could be performed upon RVOT reconstruction. In case of an intramural course of the coronary artery, coronary unroofing corrects the mechanism of dynamic, lateral phasic, systolic compression of the arterial wall [22]. In patients with AAOCA without intramural course or a single coronary artery, changing the position of the PA can prevent postoperative coronary compression [22].

After RVOT reconstruction surgery, patients with chest pain, ventricular dysfunction, or ventricular arrhythmias require exclusion of coronary problems. However, only four patients complained of atypical chest pain at the time of diagnosis of CAD in this study. Based on our institutional experience, even in asymptomatic patients, yearly screening ECG and echocardiography are recommended to identify de novo ST changes or pathologic Q-waves and to find ventricular dysfunction or RWMA. If there are abnormal findings in these screening tests, coronary CTA may be considered as the initial test to diagnose CAC [13]. If CAC is suspected in the coronary CTA, functional studies such as CMR or SPECT, should be performed [13]. CMR offers additional information, including regional ventricular function and myocardial viability and myocardial SPECT may unmask ischaemia in asymptomatic patients [23]. Gadolinium enhancement CMR can reveal a typical pattern of scarred myocardium in patients who have already experienced myocardial infarction [24]. In patients with uncertain diagnoses with the above-mentioned non-invasive tests, ICA with invasive functional evaluation, such as fractional flow reserve or instantaneous wave-free ratio, should be considered for confirmation of CAC and risk-stratification [13,25,26]. Intravascular ultrasonography is also a preferred method to evaluate the mechanisms responsible for ischaemia and to guide proper management of AAOCA and other significant coronary anomalies [27].

If a patient is planning to undergo redo surgery for pulmonary valve or conduit change, cardiac CTA should be performed preoperatively to find coronary anomaly or coronary compression by adjacent materials and to prevent intraoperative coronary injury. In patients suspected of coronary problems on preoperative CTA, ICA and functional evaluations should be considered before the redo surgery. Although there are multiple preoperative imaging studies on the location of coronary arteries, if a surgeon is still not certain of the exact location of the coronary arteries of a patient, intraoperative fluorescence coronary imaging may be considered to avoid coronary artery injury during the redo RVOT reconstruction surgery [28,29]. If a significant coronary stenosis is confirmed, concomitant correction should be performed during the reoperation for prosthetic valve failure. Relief of compression of the coronary artery, unroofing of intramural course of the coronary artery, or coronary artery bypass graft surgery could be performed, according to the mechanism and degree of CAC.

It is difficult to decide when and how to treat of CAC after RVOT reconstruction surgery, especially in those without symptoms or further surgical plans. In patients with severe ventricular dysfunction or fatal ventricular arrhythmia immediately after surgery and suspected extensive coronary artery injury, surgical correction should be considered immediately. However, if a CAC is diagnosed late by imaging and functional studies in asymptomatic patients, a comprehensive assessment of the need for surgery is required depending on the risks and benefits thereof. This is because surgical correction of a CAC may not improve ventricular dysfunction and arrhythmia in patients who already suffered irreversible damage to the myocardium. In the haemodynamically stable patient, PCI or medical treatment could be considered besides surgical treatment. Patients with symptomatic heart failure due to coronary stenosis should be managed with beta-blockers, angiotensin converting enzyme inhibitors, and mineralocorticoid receptor antagonists [30]. ICD is recommended for patients with documented VT causing haemodynamic instability and LV EF <35%, to reduce the risk of sudden death and all-cause mortality [13,30]. A summary of our institution’s evaluation and follow-up protocol for patients who undergo RVOT reconstruction surgery is shown in Fig. 7.
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Figure 7: A summary of preoperative evaluation and follow-up protocol
Note: CA: coronary anomaly, CAC: coronary artery complication, CMR: cardiac magnetic resonance imaging, CTA: cardiac computed tomography angiography, ECG: electrocardiogram, Echo: echocardiography, ICA: invasive coronary angiography, OP: operation, RVOTR: right ventricular outflow tract reconstruction surgery, SPECT: single-photon emission computed tomography.

5  Study Limitation

There are some limitations of this study. First, due to the retrospective study design, the evaluation and treatment of CAC were performed inconsistently according to patients’ clinical statuses and physicians’ preferences. In particular, CTA and ICA were not performed in all patients who underwent RVOT reconstruction surgery. A retrospective study was conducted only on patients with CAC found in clinical practice. Therefore, it is possible that more patients actually developed CAC asymptomatically, thereby evading subsequent detection. More systemic diagnostic criteria of CAC after RVOT reconstruction surgery and treatment guidelines must be established in the future. Second, the results of stress echocardiography and invasive functional studies were not available in this study. If such functional studies could be performed, the clinical importance of CAC and the policy of surgical or interventional treatment may be determined. Finally, evaluation and management of each type of CAC have not been separately discussed since the risk factor analysis by type has not been done yet. A further study is necessary to investigate the risk factors for CAC in patients who have undergone RVOT reconstruction surgery and to identify measures to prevent development of CAC.

6  Conclusion

Preoperative and postoperative long-term coronary assessment should be performed in all patients undergoing RVOT reconstruction surgery, especially those with congenital coronary artery anomaly. Guidelines for the prevention, diagnosis, and management of CAC should be prepared to prevent ventricular dysfunction, arrhythmias, and death after RVOT reconstruction surgery.
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Table 1: Demographics, diagnoses, and treatment for underlying congenital heart disease

ID Sex Current Underlying Name of Number of Data from the last RVOTR
age (y) CHD Op previous Op

Age Weight at Prosthesis  Prosthesis
at Op Op (kg) size (mm) type

1 M 3 PA, VSD  Rastelli 2 ly 6.6 14 PTFE
2 M 17 TA (type I) Rastelli 3 5y 135 18 CE
3 F 7 TA (type I) Rastelli 1 14d 2.6 10 Homograft
4 M Dead ccTGA, PA Rastelli 6 23y 54.7 25 Biocor
5 F 19 PA, VSD  Rastelli 3 3y 139 16 Shelhigh
6 F 27 PA, VSD  Rastelli 3 13y 368 25 CE
7 F 26 DORYV, PS Rastelli 4 13y 464 25 Perimount
8 M 40 TGA, PS  Rastelli 1 6y 16.0 22 I-S
9 M 27 DORY, PS PVR 3 10y 28.0 25 Perimount
10 M 20 PA, VSD  Rastelli 3 S5y 143 16 CE
11 F 17 PA, VSD  Rastelli 2 3y 109 18 Perimount
12 F 27 PA, VSD  Rastelli 3 14y 440 25 CE
13 M 19 PA, VSD  Rastelli 2 I1lm 7.3 16 Polystan
14 M 30 TOF PVR 2 13y 44.1 27 Biocor
15 M 27 DORYV, PS Rastelli 4 14y 35.6 23 Biocor
16 M 38 TOF PVR 2 22y  89.1 27 Hancock
II
17 M 24 DORYV, PS Rastelli 4 11y 358 25 CE
18 M Dead PA, VSD  Lecompte 4 13y 47.6 27 Biocor
— PVR
19 M 31 PA, VSD  Rastelli 2 2y 108 16 CM
20 F 18 ccTGA, PA Senning + 4 9y  34.0 22 CE
Rastelli

Note: Biocor: St Jude medical Biocor valve, ccTGA: congenitally corrected transposition of the great arteries, CE: Carpentier-Edwards valved
conduit, CHD: congenital heart disease, CM: Carbomedics mechanical valve in a woven Dacron vascular graft, d: days, DORV: double outlet
right ventricle, Dx: diagnosis, F: female, ID: identification number, I-S: Ionescu-Shiley bovine pericardial valve, m: months, M: male, Op:
operation, PA: pulmonary atresia, Perimount: Carpentier-Edward Perimount aortic valve, Polystan: Polystan valved conduit, PS: pulmonary
stenosis, PTFE: polytetrafluoroethylene valved conduit, PVR: pulmonary valve replacement, RVOTR: right ventricular outflow tract
reconstruction surgery, Shelhigh: Shelhigh valved conduit, TA: truncus arteriosus, TGA: transposition of the great arteries, TOF: tetralogy of
Fallot, VSD: ventricular septal defect, y: years.
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Table 3: Clinical manifestations of coronary artery complications

ID Type of CAC' Age at Dx of CAC Involved CA Coronary anomaly” Symptom ECG change’  Ventricular dysfunction Treatment
Lv* RV’
I. Patients with early postoperative hemodynamic instability
1 C([R A ly RCA RCA from LCC Hypotension  + (VT) + ++ ECMO, amiodarone — ACE1, BB, MRA, APT
2 C([R,AD S5y RCA Single CA from LCC  Hypotension  + (Vfib) + ++ Amiodarone
3 C(IL.M 3m LCA Intramural LCA Cardiac arrest + + ++ LCA unroofing — ACEi
4 I(L, Al 23y Distal LAD  Single CA from LCC  Cardiac arrest + (VT, Vfib) +++ + ECMO — CABG, inotropes
II. Patients with late-onset symptoms or signs of coronary insufficiency
5 CRD 6y RCA - - " . . _
6 C(RI 22y RCA — — + — + APT
7 C(@R, I 23y RCA — Chest pain (NSVT) + + ACEi, BB, APT
8 C(RI 39y RCA — Chest pain — — — PCI — ARB, APT, statin
9 C(R,AD 12y RCA High take-off of RCA — + -+ ++ Removal of calcified tissue, PVR — ARB, BB, MRA, WFR
10 C (R, 1IM) 13y RCA Intramural RCA — — — ++ RCA unroofing, PVR
11 C (L, AD) 15y LAD LAD from RCA Chest pain (NSVT) -+ + ACFi, BB
12 C (L, AD) 22y LAD LAD from RCA Chest pain (NSVT) -+ + ACEi, BB, MRA, WFR
13 C (L, Al 16y LAD LAD from RCA — — + + —
14 TR 26y Mid RCA — — — ++ + APT
15 I(L) 25y Distal LAD - Palpitation + (VT) -+ + ICD — ARB, BB, amiodarone, mexiletine
16 1(L) 25y Distal LAD - Syncope + ++ ++ ACEi, BB, MRA
17 T(L) 20y Distal LAD - — — ++ + ACEi, BB, APT
18 1(L) 25y Distal LAD  RCA from LCC — — ++ + —
III. Asymptomatic patients
19 CR, I 25y RCA — — + — — ARB, WFR
20 C(L, D 15y LCA — — + — — ACEFi

Notes: ACEFEi: angiotensin converting enzyme inhibitors, APT: antiplatelet therapy, ARB: angiotensin receptor antagonists, BB: beta-blockers, CA: coronary artery, CABG: coronary artery bypass
graft, CAC: coronary artery complication, Dx: diagnosis, ECG: electrocardiogram, ECMO: extracorporeal membrane oxygenation, ICD: implantable cardioverter-defibrillator, ID: identification
number, LAD: left anterior descending coronary artery, LCA: left main coronary artery, LCC: left coronary cusp, LV: left ventricle, m: months, MRA: mineralocorticoid receptor antagonist,
NSVT: nonsustained ventricular tachycardia, PCI: percutaneous coronary intervention, PVR: pulmonary valve replacement, RCA: right coronary artery, RV: right ventricle, VT: ventricular
tachycardla Vfib: ventricular fibrillation, WFR: warfarin, y: year(s).

' The type of coronary artery complication is classified according to the rules described in Table 2

% Coronary artery anomaly is coded as ‘A’ only if it is related to the coronary artery complication. For example, patient 18 had an anomalous origin of right coronary artery from the left coronary cusp,

but the injured coronary artery was a left coronary artery that originates normally, therefore, it was presented as I (L), not I (L, A).

3 Under ECG change, “+’ 1ndlcates that ST change or pathologic Q wave is observed.
* Under LV dysfunction, ‘—” means that there is no LV dysfunction, ‘+’ means that postoperatlve LV dysfunction has improved, ‘++” means that LV dysfunction has continued from the postoperative
penod until the present day, ‘+++ indicates that postoperative LV dysfunction is aggravating until now.
> Under RV dysfunction, ‘“—” means that there is no RV dysfunction, “+’ indicates tricuspid annular plane systolic excursion (TAPSE) <16 mm and/or right ventricular ejection fraction <45%, “++’
indicates TAPSE <10 mm and/or right ventricular ejection fraction <35%.
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Table 2: Classification of coronary artery complications: I (II, III)

I Mechanism of coronary artery complication
C Compression of coronary artery
I Intraoperative mjury
10 Involved coronary artery
R Right coronary artery
L Left coronary artery
101 Presence of coronary artery anomaly and/or abnormal course
A Coronary artery anomaly
I Interarterial course of coronary artery

M Intramural course of coronary artery
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