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ABSTRACT: Background: There has been an increasing number of studies documenting the application of the
right axillary thoracotomy (RAT) approach for the repair of congenital heart diseases. However, no research has
reported the RAT approach in repairing the anomalous aortic origin of a coronary artery (AAOCA). This study
aims to investigate the feasibility and safety of the RAT approach for repairing AAOCA in children. Methods:
We performed a retrospective study at the Children’s Hospital of Chongqing Medical University between January
2024 and October 2025 to investigate the clinical outcomes of the RAT approach for repairing AAOCA in children.
Results: A total of twelve patients with AAOCA were operated on via a RAT approach. Conventional unroofing was
performed in eight cases, and a modified unroofing procedure was performed in four cases. Simultaneous repair of
associated cardiac defects was conducted in eight cases. Postoperative pneumonia occurred in one patient. There
were no early deaths during the hospitalization. The postoperative ostial diameter was significantly larger than the
preoperative diameter (p = 0.0005). No patients were lost to follow-up, and aortic valve insufficiency was not observed
during the follow-up. There were no late deaths reported following discharge, and ischemic signs were also not
documented. Conclusions: Surgical repair via the RAT approach may serve as a safe and effective alternative for
children with AAOCA. However, surgical strategies should be carefully determined based on preoperative assessment
of the anomalous coronary arteries.
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1 Introduction

Anomalous aortic origin of a coronary artery (AAOCA) is a rare congenital heart disease (CHD) where
a coronary artery originates abnormally from the aorta [1]. AAOCA can lead to myocardial ischemia and
sudden cardiac death, particularly in young athletes [2]. Due to limited understanding of risk factors for
myocardial ischemia, indications of surgery remain debated. Generally, patients with an anomalous left
coronary artery arising from the right sinus of Valsalva (ALCA) require surgical repair [3]. In contrast, in
patients with an anomalous right coronary artery arising from the left sinus of Valsalva (ARCA), surgery
is indicated for symptomatic individuals who exhibit signs of myocardial ischemia [1]. Surgical repair of
AAOCA can be performed efficiently and safely with low mortality and incidence of complications [4].
Common surgical techniques include unroofing, coronary reimplantation, pulmonary artery translocation,
and neo-ostium creation [5].

Median sternotomy is standard for CHD repair but may lead to chest wall deformity like pectus
excavatum later in life [6], along with cosmetic concerns [7]. Recent studies have reported using the right
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axillary thoracotomy (RAT) approach for various CHDs such as atrial septal defect (ASD), ventricular
septal defect (VSD), partial anomalous pulmonary venous connection (PAPVC), and partial atrioventricular
septal defect (PAVSD) [8–10]. To the best of our knowledge, no research has employed the RAT approach
specifically for repairing AAOCA in children. Therefore, this study aimed to investigate the feasibility and
safety of the RAT approach for repairing AAOCA in children.

2 Methods

2.1 Study Design

We conducted a retrospective case series at the Children’s Hospital of Chongqing Medical University
(CHCQMU). This study received approval from the Ethical Committee of CHCQMU (2025479). Our
research adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [11]. We consecutively involved patients under 18 years of age who underwent AAOCA repair
via the RAT approach between January 2024 and October 2025. Informed consent was obtained from parents
prior to operations.

2.2 Demographics, Diagnosis, and Postoperative Outcomes

We collected data on sex, age, coronary artery origin, symptoms, electrocardiogram (EKG), and combined
CHDs prior to surgery. The diagnosis of AAOCA was confirmed through transthoracic echocardiogram (TTE)
and coronary computed tomography angiography (CTA) [12]. We repaired AAOCA via the RAT approach in
patients meeting these criteria: (1) Isolated ALCA; (2) Isolated ARCA with signs of myocardial ischemia; or (3)
Combined CHDs requiring simultaneous interventions. Exclusion criteria included: (1) Critical conditions
needing emergency operations or preoperative extracorporeal membrane oxygenation support; (2) Prior
right thoracotomy history; or (3) Absence of an intramural course. We recorded clinical outcomes such as
coronary artery courses, surgical techniques, cardiopulmonary bypass (CPB) duration, cross-clamp time,
mechanical ventilation time, intensive care unit (ICU) stay length, postoperative hospital stay duration,
complications, and follow-up data. All patients underwent TTE and coronary CTA before discharge. Each
patient received oral aspirin for six months. Outpatient follow-ups were scheduled at 1, 3, 6 and 12 months
post-discharge.

2.3 Surgical Technique

AAOCA repair via the RAT approach was mainly performed by Dr. L. Y. G at our institution. Following
general anesthesia, the left lung was ventilated. The patient was positioned in a left lateral decubitus
posture, with the right arm elevated and placed over the head [13]. A 3 to 4 cm anterior-to-middle axillary
vertical incision was made for access to the thoracic cavity through the fourth intercostal space. The
pericardium was incised and retracted with traction sutures while preserving the phrenic nerve. CPB was
conducted as usual.

In patients with isolated AAOCA, a single right atrial cannulation was performed, accompanied by
left atrial drainage. For patients presenting with combined intracardiac defects, both vena cava were
cannulated and snared. Careful dissection of the aortic root was conducted, particularly at the site where
the coronary artery arose from the aorta. To enhance exposure during the operations, the inferior vena
cava was cannulated via a separate incision, which subsequently served for chest tube placement. The
cardioplegic cannula was removed following the infusion of cardioplegia. An aortotomy was performed,
with the incision extended to allow visualization of the coronary ostia and proximal segment of the coronary
artery. A coronary probe was used to assess the trajectory and length of the intramural segment.
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In patients with a long intramural segment extending above the commissure, conventional unroofing
was performed to ensure that the entire intramural segment was adequately unroofed, resulting in an
unobstructed ostium originating from the appropriate sinus. To secure the intimal edges of the aortic
wall, 7-0 interrupted Prolene sutures were utilized (Fig. 1A). In patients with a short intramural segment,
conventional unroofingmight not reposition the ostium to the appropriate sinus and could leave compression
by the intercoronary pillar. We utilized a modified unroofing procedure, also known as aortocoronary
window repair [14,15], for these cases (Fig. 1B). The intramural segment was carefully unroofed using fine
scissors, followed by an ‘over-unroofing’ procedure to extend the aortic incision to the appropriate sinus.
The anomalous coronary artery was also laterally incised. Subsequently, a side-to-side anastomosis with
7-0 interrupted sutures was then performed between the incised aortic wall and the anomalous coronary
artery. This approach facilitated the creation of an unobstructed ostium originating from the appropriate
sinus. If valve support structures were compromised, we resuspended the commissure accordingly. Upon
completion of the operation, a transesophageal echocardiogram was conducted to assess both morphology
and function of the aortic valves (AV).

Figure 1: Surgical procedures performed in this study. (A) Conventional unroofing procedure for patients with a long
intramural segment extending above the commissure (1) ensures that the entire intramural segment is adequately
unroofed (2, view from inside). This approach results in an unobstructed ostium originating from the appropriate
sinus (3, view from outside). (B) Modified unroofing technique for patients with a short intramural segment (1)
involves careful unroofing of the intramural segment using fine scissors, followed by an ‘over-unroofing’ procedure
to extend the aortic incision to reach the appropriate sinus (2, short arrow). The anomalous coronary artery was
also laterally incised (2, long arrow). Subsequently, a side-to-side anastomosis with 7-0 interrupted sutures was then
performed between the incised aortic wall and the anomalous coronary artery (3) while preserving the proximal
segment of the anomalous coronary artery intact (asterisk).

2.4 Statistical Analysis

Descriptive statistics were employed to evaluate the demographic data of the included patients.
Continuous variables were summarized using medians with interquartile ranges (IQR). The Shapiro-Wilk
tests were utilized to assess normal distribution. We conducted a Wilcoxon matched-pairs signed rank test
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to compare the ostial diameters before and after surgical repair. A two-sided p-value less than 0.05 was
considered statistically significant. All analyses were conducted using the GraphPad Prism 10.0 software.

3 Results

Wed involved a total of twelve patients with AAOCA who underwent surgical repair via the RAT
approach (Table 1). The median age at the time of surgery was 45.0 (IQR, 39.3 to 69.8) months. The median
weight was 16.5 (IQR, 14.0 to 19.8) Kg. Diagnosis of AAOCA was confirmed through pre-operative TTE and
coronary CTA for all patients included in our study. ARCA was diagnosed in eleven cases (Fig. 2), while
ALCA was diagnosed in one case (Fig. 3A–D). All twelve cases had an interarterial anomalous coronary
artery with an intramural course. Chest pain with exertion was observed in three cases, and syncope was
noted in two cases. Abnormal EKG was found in two cases presenting with I◦ atrioventricular block, as
well as three cases exhibiting ST-segment depression.

Table 1: Baseline characteristics of included patients.

Variables

Sex (Male/Female) 7/5
Age (months) 45.0 [39.3–69.8]
Weight (kg) 16.5 [14.0–19.8]
LVEF (%) 67.5 [62.8–70.3]
Ostial diameter (mm) 1.6 [1.2–1.7]
EKG

I◦ AVB (n) 2
ST-segment depression (n) 3

LVEF Left ventricular ejection fractions, EKG Electrocardiogram, AVB Atrioventricular block.

Figure 2: Pre-operative coronary CTA of ARCA. (A) Preoperative coronary CTA of a six-year-old child with ARCA.
(B) Preoperative coronary CT of an eight-year-old child with ARCA. CTA Computed tomography angiography, ARCA
Anomalous right coronary artery arises from the left sinus.
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Figure 3: Three-dimensional reconstruction of CTA in a three-year-old child diagnosed with ALCA. (A,B) Pre-operative
CTA indicates that the anomalous left coronary artery arises from the right sinus. (C,D) Post-operative CTA indicates
that the left coronary artery arises from the correct sinus. CTA Computed tomography angiography, ALCAAnomalous
left coronary artery arises from the right sinus.

Surgical procedures are summarized in Table 2. Surgical indications included five patients with
symptomatic ARCA, six patients with ARCA and concomitant CHDs, and one patient with ALCA. A
slit-like orifice was found in nine patients (75%). Simultaneous repair of associated cardiac defects was
conducted in eight cases. VSDs were repaired in four cases, ASDs were repaired in four cases, patent ductus
arteriosus (PDA) was ligated in one case, and mitral valvuloplasty was performed in two cases. Commissural
resuspension was performed in two cases due to compromised valve support structures following the
unroofing procedure. Conventional unroofing was performed in eight cases with a long intramural segment
that travels above the commissure. Given that conventional unroofing could not reposition the ostium to
the appropriate sinus, a modified unroofing procedure was performed in four cases with a short intramural
segment (Fig. 4). Notably, we did not find any patients in this group with a single coronary ostium or an
intramural course below the commissure. Consequently, procedures like coronary artery reimplantation,
pulmonary artery translocation, or neo-ostium creation were not performed in this group. The median
CPB time was 120.5 (IQR, 95.0 to 138.8) minutes (Table 3). The median cross-clamp time was 93.0 (IQR,
73.0–105.3) minutes. The median ventilation time was 6.5 (IQR, 3.5 to 8.8) hours. The median ICU stay
was 4 (IQR, 3 to 4) days. The median postoperative hospital stay was 8 (IQR, 8 to 9) days. Postoperative
pneumonia occurred in one patient but resolved following antibiotic treatment. There were no early deaths
during the hospitalization. The postoperative ostial diameter was significantly larger than the preoperative
diameter, as assessed by TTE before discharge (Fig. 5, p = 0.0005).
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Figure 4: Intraoperative images and post-operative CTA in a three-year-old child diagnosed with ALCA via a
RAT approach. (A) A coronary probe was employed to investigate the course of the normal RCA. (B) A coronary
probe was employed to investigate the trajectory and length of the ALCA. (C) A neo-ostium was created by using a
modified unroofing procedure to create an unobstructed ostium (asterisk) originating from the appropriate sinus.
(D) Post-operative CTA of the coronary arteries following a modified unroofing procedure, with an asterisk indicating
the LCA. CTA Computed tomography angiography, RCA Right coronary artery, LCA Left coronary artery, ALCA
Anomalous left coronary artery arises from the right sinus, AC Aortic cannulation, LAD Left atrial drainage via the
right superior pulmonary vein, RAC Right atrial cannulation.

Figure 5: Comparison of ostial diameters before and after surgical intervention (Wilcoxon matched-pairs signed
rank test, ***, p = 0.0005).
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Table 2: Diagnoses and surgical procedures of included patients.

Patients Age (months) Symptoms Types of AAOCA Combined CHDs Operations

#1 103 Chest pain with
exertion

ARCA, interarterial, short
intramural segment, slitlike orifice - Modified unroofing

#2 14 - ARCA, interarterial, short
intramural segment, slitlike orifice

7 mm
VSD

Modified unroofing + VSD
repair

#3 9 - ARCA, interarterial, short
intramural segment, slitlike orifice

10 mm
VSD

Modified unroofing + VSD
repair

#4 63 Syncope ARCA, interarterial, long intramural
segment, slitlike orifice - Unroofing + Commissure

resuspend

#5 49 Syncope ARCA, interarterial, long intramural
segment, slitlike orifice - Unroofing

#6 67 Chest pain with
exertion

ARCA, interarterial, long intramural
segment

8 mm
ASD Unroofing + ASD repair

#7 78 - ARCA, interarterial, long intramural
segment, slitlike orifice

9 mm
ASD Unroofing + ASD repair

#8 39 - ARCA, interarterial, long intramural
segment, slitlike orifice

10 mm
ASD + 3 mm PDA

Unroofing + ASD repair+PDA
ligation

#9 26 - ARCA, interarterial, long intramural
segment, slitlike orifice

8 mm
VSD/Anterior mitral

valve cleft
Unroofing+VSD repair + Mitral

valvuloplasty

#10 37 - ARCA, interarterial, long intramural
segment, slitlike orifice

9 mm
VSD/Anterior mitral

valve prolapse

Unroofing + VSD repair +
Mitral annuloplasty/Leaflet

plication

#11 82 Chest pain with
exertion

ARCA, interarterial, long intramural
segment

3 mm
ASD Unroofing + ASD repair

#12 41 - ALCA, interarterial, short
intramural segment - Modified unroofing +

Commissure resuspend

AAOCA Anomalous aortic origin of a coronary artery, ALCA Anomalous left coronary artery arises from the right sinus of
Valsalva, ARCA Anomalous right coronary artery arises from the left sinus of Valsalva, ASD Atrial septal defect, VSD Ventricular
septal defect, PDA Patent ductus arteriosus.

Table 3: Postoperative outcomes of included patients.

Clinical Outcomes

CPB time (minutes) 120.5 [95.0–138.8]

Cross-clamp time (minutes) 93.0 [73.0–105.3]

Mechanical ventilation (hours) 6.5 [3.5–8.8]

ICU stay (days) 4 [3, 4]

Postoperative hospital stay (days) 8 [8, 9]

Postoperative complications (n) 1

Early death (n) 0

Follow-up (months) 10.5 [7.8–13.0]

Late death (n) 0

Residual myocardial ischemia (n) 0

AI insufficiency (n) 0
CPB Cardiopulmonary bypass, ICU Intensive care unit, AV Aortic valve.

No patients were lost to follow-up, and AV insufficiency was not observed in any of the patients during
a median follow-up period of 10.5 (IQR, 7.8–13.0) months. Trivial-to-mild mitral valve regurgitation was
observed in two patients who underwent simultaneous mitral valve repair. There were no late deaths
reported following discharge, and ischemic signs were also not documented in symptomatic patients.
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4 Discussion

To our knowledge, this study is the first to investigate clinical outcomes of the RAT approach for
treating children with AAOCA. We successfully repaired AAOCA using the RAT approach in twelve
children without early mortality or severe adverse events. By employing a single left lung ventilation
strategy and appropriate pericardial suspension, we achieved satisfactory exposure without conversion
to median sternotomy. The postoperative outcomes were generally acceptable when compared to the
existing literature [15–18]. During a short-term follow-up, we did not observe late death, significant AV
insufficiency, or residual ischemia within this group.

This method is beneficial as it meets cosmetic needs [9], reduces psychological stress on patients [19],
and maintains breast symmetry and nipple sensitivity [20,21]. Hong et al. [22] noted that median sternotomy
can cause chest wall deformities such as pectus excavatum and pectus carinatum; however, no such
malformations were reported in their RAT group during the follow-up. Similarly, Yan et al. [19] found no
asymmetrical breast development or thoracic deformities with the RAT approach. In recent years, some
surgeons have applied this technique to more complex conditions such as doubly committed VSD, tetralogy
of Fallot, and cor triatriatum [8,13,23,24]. In 2015, Conway et al. [25] introduced upper hemisternotomy for
AAOCA repair. As our experience grew over time, we began selectively performing surgical repairs for
AAOCA via the RAT approach starting in 2024. In this group, we also use a modified unroofing technique in
three children with short intramural segments. A recent review [26] suggests that conventional unroofing
may be inadequate for patients with short intramural segments because of potential compression by the
intercoronary pillar. However, in younger patients (Table 2, Patient #2 and Patient #3) requiring timely
interventions due to other cardiac defects, coronary reimplantation can be challenging. Therefore, we
repaired AAOCA using the modified unroofing procedure in two young patients (Patient #2 and #3) while
preserving the proximal segment of the anomalous coronary artery intact (Fig. 1(B3)). We believe that this
modified procedure allows the RAT approach to be feasible for both short and long intramural courses.
Although clinical outcomes from the RAT approach are acceptable, surgeons should choose surgical methods
based on preoperative evaluations rather than solely aiming for better cosmetic incisions [10]. Median
sternotomy may be preferable for patients without an intramural course who require procedures like
re-implantation or pulmonary artery translocation [1].

We acknowledge several limitations of our study. First, this was a retrospective analysis at a single
institution with a limited number of participants, which may introduce selection bias. Second, the current
study provides preliminary experience with the RAT approach for repairing AAOCA without comparison
to median sternotomy. Third, the median age of this cohort is relatively young; thus, performing the RAT
approach in adolescents may be challenging due to the aortic position being further from the chest wall [8].
Endoscopic instruments like forceps and needle holders could be considered for use in adolescents [13].
Lastly, while the modified unroofing is less complex in young children than reimplantation, additional
commissural re-suspension might be necessary if valve support structures are compromised.

5 Conclusions

In conclusion, our study indicates that the RAT approach for surgical repair may be a safe and
effective alternative for children with AAOCA. Surgical strategies should be tailored based on preoperative
assessments of anomalous coronary arteries. Further prospective multi-center cohort studies are needed to
compare the RAT approach with sternotomy in managing AAOCA.
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Abbreviations

RAT Right axillary thoracotomy
CHD Congenital heart disease
AAOCA Anomalous aortic origin of a coronary artery
ALCA An anomalous left coronary artery arising from the right sinus
ARCA An anomalous right coronary artery arising from the left sinus
ASD Atrial septal defect
VSD Ventricular septal defect
PAPVC Partial anomalous pulmonary venous connection
PAVSD Partial atrioventricular septal defect
EKG Electrocardiogram
TTE Transthoracic echocardiogram
CTA Computed tomography angiography
CPB Cardiopulmonary bypass
ICU Intensive care unit
AV Aortic valve
IQR Interquartile ranges
STROBE Strengthening the Reporting of Observational Studies in Epidemiology
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