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MINI-REVIEW

Surgical Techniques for the Treatment of 
Anomalous Origin of Right Coronary Artery 
From the Left Sinus: A Comparative Review
Lara Gharibeh , PhD*; Kenza Rahmouni , MD*; Seok Joon Hong, Bsc; Andrew M. Crean, MD;   
Juan B. Grau , MD

ABSTRACT: The anomalous aortic origin of the right coronary artery (AAORCA) from the left sinus is a congenital anomaly 
affecting both the origin and course of the right coronary artery. AAORCA is nowadays easily and increasingly recognized 
by several cardiac imaging modalities. In most cases, patients remain asymptomatic; however, in some, and especially in 
young athletes, symptoms start to appear following exertion. A literature review was conducted on the surgical management 
of AAORCA by searching the Pubmed and Google Scholar databases. The inclusion criteria included manuscripts reporting 
surgical outcomes of AAORCA for ≥1 of the 3 techniques of interest (unroofing, reimplantation, and coronary artery bypass 
grafting) and manuscripts written in English and that were published between 2010 and 2020. The surgical management of 
AAORCA can be done through several techniques, most commonly the unroofing of the intramural segment of the AAORCA, 
the reimplantation of the native right coronary artery onto the right sinus of the aortic root, and coronary artery bypass graft-
ing with either arterial or venous graft conduits with or without ligation of the proximal right coronary artery. Superiority of one 
surgical technique has not yet been formally proven because of the rare nature of this condition and the lack of any prospective 
randomized controlled trial or robust prospective observational studies.

Key Words: anomalous right coronary artery from left sinus ■ congenital heart disease ■ coronary artery bypass graft surgery   
■ RCA translocation and re-implantation ■ unroofing

Anomalous aortic origin of the coronary arteries 
(AAOCA) is a congenital anomaly with a preva-
lence of 0.1% to 0.3%, defined by an abnormal 

origin, course, number, or size of either the left or the 
right coronary artery (RCA).1 Although most patients 
are asymptomatic, AAOCA has been associated with 
increased risks of sudden cardiac death (SCD), myo-
cardial ischemia, syncope, and arrhythmias.2 This risk 
is most pronounced in young competitive athletes.3 In 
this population, surgical repair is recommended, even 
if the patient is asymptomatic, especially when the cor-
onary artery takes an intramural course. Anomalous 
aortic origin of the right coronary artery (AAORCA) was 
reported to be more common than its left-sided coun-
terpart, with an estimated incidence of 0.1% to 0.9%.4

Many surgical techniques have been employed for 
the treatment of AAORCA, with unroofing, coronary 
artery bypass grafting (CABG), and RCA translocation 
and reimplantation being the most used procedures. 
Surgical unroofing has emerged as the surgical pro-
cedure of choice for treatment of AAOCA, followed 
by CABG of the anomalous segment when unroofing 
is not possible (Figure 1). However, these techniques 
present many limitations, which prompted the emer-
gence of the RCA translocation and reimplantation 
technique to address the challenges with unroofing 
and CABG (Figure 2).

This review will focus on AAORCA arising from 
the left sinus of Valsalva that take an intramural 
course between the aorta and pulmonary artery, 
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with 2 main objectives: (1) reviewing the literature 
on AAORCA pathophysiology, clinical presentation, 
and diagnosis; and (2) comparing the most com-
mon surgical approaches employed, highlighting 
their differences in surgical technique and postop-
erative outcomes.

METHODS
We performed a literature review on the surgical man-
agement of AAORCA by searching the PubMed and 
Google Scholar databases. Our inclusion criteria were 
the following: (1) The manuscript must report surgical 
outcomes of AAORCA for ≥1 of the 3 techniques of in-
terest (unroofing, reimplantation, and CABG); (2) it must 
be written in English; and (3) it must have been published 
between 2010 and 2020. Two different authors (K.R. 
and J.H.) reviewed the manuscripts independently. The 
reference lists of each eligible manuscript were scanned 
for additional publications that met our inclusion criteria 
but that were not identified on our initial search.

RESULTS
A total of 30 manuscripts were included in our review. 
Of those publications, 11, 12, and 14 papers reported 

Nonstandard Abbreviations and Acronyms

AAOCA	 anomalous aortic origin of the 
coronary arteries

AAORCA	 anomalous aortic origin of the right 
coronary artery

CTA	 computed tomography angiography
POD	 postoperative day
SCD	 sudden cardiac death

Figure 1.  Unroofing and CABG techniques.
A, Surgical view of an anomalous right coronary artery originating from the left coronary sinus with 
an intramural segment. B, Unroofing procedure during which the intramural segment is released. C, 
Final result after unroofing. D and E, Coronary artery bypass grafting of the anomalous right coronary 
artery with a free (D) and in situ (E) right internal mammary artery. A, anterior; fRITA, Free right 
internal thoracic artery; L, left; LCA, left coronary artery; R, right; RCA, right coronary artery; RIMA, 
right internal mammary artery. D, was reprinted with permission from Gaudino et al.26 Copyright 
©2020, Elsevier. E, was reprinted with permission from Ibraheem et al.24 Copyright ©2019, Blackwell 
Publishing, Inc.
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Figure 2.  Right coronary artery translocation and reimplantation technique.
A, Identification of the RCA showing its anomalous origin and trajectory (dashed line). It originates in 
the left coronary sinus and courses anteriorly between the aorta and pulmonary arteries. B, Completed 
mobilization of the RCA over ≈1.5 to 2  cm. C, Orientation of RCA anastomosis with heel directed 
toward the atrioventricular groove. D, Completed anastomosis seen from the epicardial. E, Doppler 
flow measurement with cardioplegia administration. F, Evaluation of anastomoses off cardiopulmonary 
bypass. G, Preoperative CT angiogram showing a 3-dimensional reconstruction of an anomalous RCA 
origination from the left coronary sinus. H, Sagittal view of a preoperative cardiac CT demonstrating the 
abnormal course (arrow) of the RCA exiting from the left sinus. I, Postoperative CT angiogram showing 
a 3-dimensional reconstruction of the reimplanted RCA. J, Sagittal view of a postoperative cardiac CT 
demonstrating the corrected course (arrow) of the anomalous RCA. Ao indicates aorta; CT, computed 
tomography; LA, left atrium; LV, left ventricle; RA, right atrium; RCA, right coronary artery; and RV, right 
ventricle. A through F, were reprinted with permission from by Grau et al.57 Copyright ©2021, Elsevier.
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clinical outcomes for the unroofing, CABG, and re-
implantation techniques, respectively. The unroofing 
manuscripts collectively describe the outcomes of 209 
patients with AAORCA (Table 1). The mean age for this 
cohort was 23.4 years (range, 1 week to 70 years; me-
dian, 16 years). There was no 30-day mortality among 
the unroofing group. For the CABG technique, the total 
number of patients reported was 38 (Table  2). Their 
mean age was 44.5  years (range, 18–75  years; me-
dian, 39 years). There was 1 early and 1 late postop-
erative mortality reported. As for the reimplantation 
group, there was a total of 78 patients, with a mean 
age of 29.0 years (range, 4–72 years; median, 22 years; 
Table 3). There were no cardiac deaths among the re-
implantation group.

In the unroofing cohort, 2 patients required intra-
operative CABG with a right internal mammary artery 
graft because of flow acceleration at the RCA ostium 
detected on the intraoperative transesophageal echo-
cardiography, after unroofing.7 Additionally, 2 other 
patients underwent reoperation because of residual 
symptoms or radiographic evidence of myocardial 
ischemia.12 The first patient was a 17-year-old girl with 
chest pain and reversible ischemia in the RCA terri-
tory on functional magnetic resonance imaging (MRI). 
She subsequently underwent RCA translocation and 
reimplantation. However, her symptoms did not sub-
side and were thought to be caused by a myocardial 
bridge that was only discovered after her second op-
eration. The second patient was a 17-year-old girl who 

remained symptomatic after her unroofing procedure. 
Further investigations revealed a myocardial bridge 
over her left anterior descending, which was released 
during a second operation, after which her symptoms 
were successfully resolved. Two additional patients re-
mained symptomatic with nonspecific chest pain after 
the unroofing of their abnormal RCA.14 Moreover, 3 pa-
tients had cardiac arrest requiring resuscitation post-
operatively,5 and another patient developed high-risk 
ventricular arrhythmias.8

Among the CABG group, 1 patient developed 
pericardial tamponade,25 another patient required 
thoracoscopic drainage of a large hemothorax,17 and 
1 patient suffered from a postpericardiotomy syn-
drome.25 In addition, there were 2 operative deaths 
in the patients undergoing CABG.24 The first patient 
was a 30-year-old man with 3-vessel disease who had 
undergone an off-pump CABG (left internal mammary 
artery to left anterior descending, saphenous vein graft 
to obtuse marginal artery, and right internal mammary 
artery to RCA) without ligation of his anomalous RCA. 
He developed cardiogenic shock and passed away on 
postoperative day (POD) 4. The second patient was a 
35-year-old man who underwent a single-vessel off-
pump CABG with a right internal mammary artery graft 
to his RCA. His immediate postoperative course was 
unremarkable; however, his symptoms recurred 1 year 
later, and he underwent a repeat on-pump CABG. He 
passed away on POD2 from severe right ventricular 
dysfunction.

Table 4.  Summary of the Advantages and Disadvantages of the Unroofing, Coronary Artery Bypass Grafting, and 
Translocation and Reimplantation Techniques for AAORCA

Technique Advantages Disadvantages

Unroofing -	 Technically and conceptually simple -	 Risk of causing AI in cases where the intramural course 
runs behind the intracoronary commissure

-	 Risk of localized aortic dissection caused by exposure of 
the aortic wall at the site of the neo-ostium to systemic 
pressures

-	 Likely ineffective in patients with a short intramural course
-	 Does not address other anatomic anomalies including 

slitlike ostium, acute angle take-off and interarterial course

CABG -	 Most commonly performed cardiac operation; all 
cardiac surgeons are familiar with this technique

-	 Avoidance of aortotomy
-	 Does not require manipulation of the 

intercoronary commissure.
-	 Can be achieved with and without CPB

-	 Absence of CAD in native RCA; high risk of competitive 
flow from the native vessel if not ligated

-	 Native coronary artery ligation can be poorly tolerated and 
flow from the grafted conduit may be initially insufficient to 
perfuse the myocardial territory of the bypassed vessel

-	 Unknown long-term patency of the grafted conduit in 
young patients without atherosclerotic CAD

Translocation and 
reimplantation

-	 Restores normal anatomic and physiological 
conditions, thereby correcting most anatomic 
anomalies in AAORCA

-	 Does not require extensive manipulation of the 
aortic wall, valve, and root

-	 The aortocoronary anastomosis is similar to the 
proximal anastomoses performed in CABG

-	 Most useful when the intramural course is short 
or absent

-	 Technically challenging because of the need for exact 
mobilization of the anomalous vessel to avoid kinking and 
careful choice of the reimplantation site

-	 Very difficult in young patients due to small structures, 
making the aortocoronary anastomosis challenging

AAOCA indicates anomalous aortic origin of the right coronary artery; AI, aortic insufficiency; CABG, coronary artery bypass grafting; CAD, coronary artery 
disease; and CPB, cardiopulmonary bypass.



J Am Heart Assoc. 2021;10:e022377. DOI: 10.1161/JAHA.121.022377� 9

Gharibeh et al� Anomalous Origin of RCA From Left Sinus

As for the reimplantation cohort, 2 patients re-
quired intraoperative CABG to the RCA attributable 
to failure to wean from cardiopulmonary bypass.4,33 
One of these 2 patients also required insertion of 
an intra-aortic balloon pump as well as implantation 
of a right ventricular assist device.33 For this patient, 
the poor right ventricular function was thought to be 
caused by inadequate myocardial protection because 
of poor flow of the cardioplegia solution through the 
anomalous RCA. A third patient required a CABG on 
POD1 because of severe ischemia,14 and 2 other pa-
tients had percutaneous coronary intervention in the 
early postoperative period because of concomitant 
atherosclerotic coronary artery disease (CAD),29 and 
to hypoplasia of the reimplanted RCA.30 Moreover, 1 
patient developed pericardial tamponade and another 
developed postpericardiotomy syndrome.25 Another 
patient had acute thrombotic occlusion of his left cir-
cumflex artery, which was attributed to inadequate 
coronary flow reserve and endothelial dysfunction.32 
Interestingly, this patient developed thrombosis of his 
left anterior descending artery 3 months later. In addi-
tion, 3 patients remained symptomatic with chest pain 
at long-term follow-up.4,14,30

DISCUSSION
Anatomy and Pathophysiology
In AAORCA, the anomalous RCA can either originate 
from the pulmonary artery, the ascending aorta, the 
left ventricle, the left anterior descending artery, the 
left circumflex artery, the posterior sinus of Valsalva, or 
from the left sinus of Valsalva.35 The RCA arising from 
the left sinus of Valsalva is one of the most common 
subtypes. A report by Roberts et al36 in 2005 looking 
at 10 necropsy cases with patients displaying this phe-
notype revealed an association between the abnormal 
RCA arising from the left sinus and SCD. In AAORCA 
arising from the left coronary sinus, the anomalous 
artery may originate from a separate ostium or share 
the orifice with the other coronary artery and, in most 
cases, takes an intramural course within the wall of 
the aorta, adjacent to the pulmonary artery (interar-
terial course). AAORCA can then undergo 3 different 
courses: (1) a high interarterial course between the 
aorta and pulmonary artery, (2) a hypoplastic anom-
alous orifice with shorter interarterial course, or (3) a 
low interarterial course between the aorta and right 
ventricular outflow tract.37 Angina, SCD, and major 
adverse cardiac events, were found to be significantly 
higher in patients with a high interarterial course.37

The underlying mechanisms leading to myocar-
dial ischemia and SCD are still poorly understood in 
AAORCA. One theory proposes that during exercise, 
as the aorta expands because of the increased flow, 

compression of the coronary artery between the aorta 
and pulmonary arteries can occur, obstructing blood 
flow.38 This is observed in cases with or without an 
intramural course of the RCA.38 Additionally, an acute 
angle take-off and the resulting slitlike orifice, can con-
tribute to the kinking of the coronary artery, and lead 
to coronary occlusion especially during exertion.39 
Another theory supports coronary vasospasm, which 
is possibly caused by endothelial injury and ischemia 
as a consequence of the long distance that the cor-
onary artery has to travel from one side to another.35 
Moreover, it has been suggested that an abnormal or-
igin and course of the coronary arteries renders these 
conduits more predisposed to premature atheroscle-
rosis development. In fact, it has been shown that cor-
onary atherosclerosis requiring intervention, whether 
through a percutaneous or surgical revascularization, 
has been observed in 40% of total AAOCA reported 
cases.40

Clinical Presentation and Diagnosis
Patients with coronary anomalies can present with 
chest pain, arrhythmias, syncope, dyspnea, myocar-
dial infarction, and SCD. However, in most cases, they 
are asymptomatic, and their diagnosis is commonly 
made incidentally on echocardiogram, cardiac cath-
eterization, or provocative testing for other cardiovascu-
lar diseases.41 In fact, coronary artery anomalies have 
been identified in 1% of all routine autopsy examina-
tions; in patients undergoing diagnostic coronary an-
giography, it is found in 0.6% to 5.6% of the cases.35 
Echocardiography examination of 3504 elite competi-
tive athletes revealed AAOCA in 0.09% of asymptomatic 
patients.42 The presence of the anomalous coronary in 
these young athletes can lead to ventricular arrhythmias, 
and, if left undiagnosed, can result in SCD.43 Hence, 
early patient diagnosis is crucial when myocardial is-
chemia has been documented through different testing 
modalities to allow repair and prevent premature death.

The diagnosis of AAOCA is commonly made using 
transthoracic echocardiography, especially in children, 
which is an accepted screening modality for this con-
dition.44 It is a noninvasive procedure that can be per-
formed without patient sedation or use of radiation. It 
is a rapid and widely available test, with a low cost, that 
allows clear visualization of the origin of the vessels. It 
also helps in the visualization of the commonly missed 
intramural course when color Doppler is employed.45 
However, transthoracic echocardiography presents 
with some limitations. First, it requires experienced op-
erators for accurate identification of the coronary ostia 
and proper diagnosis.46 Second, it has a poor spatial 
resolution, therefore limiting the possibility of getting a 
detailed description of the AAOCA features and sur-
rounding structures.47
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The choice of using complementary techniques for 
AAOCA diagnosis and characterization depends highly 
on the centers’ availability for equipment and expertise. 
Computed tomography angiography (CTA) and MRI 
coronary angiography have been the diagnostic tools 
of choice, as they provide superior resolution images 
compared to transthoracic echocardiography. CTA 
helps identify AAOCA with a high spatial resolution 
with a rapid scan time. It also enables the detection of 
CAD.48 Nonetheless, this technique requires exposure 
to contrast agents and radiation. On the other hand, MRI 
was shown to be a great tool that overcomes the CTA 
limitations regarding radiation and contrast agents. It 
enables the identification of the AAOCA and their ana-
tomic course, especially in patients previously reported 
to have a normal angiogram.49 However, it presents its 
own limitations of having a lower anatomic resolution 
than that of CTA and requiring a longer acquisition time 
at a higher cost. Invasive procedures, such as transe-
sophageal echocardiography, have been employed to 
better visualize the AAOCA perioperatively.50 However, 
transesophageal echocardiography remains a nonrou-
tine procedure, and patients diagnosed through trans-
esophageal echocardiography are still referred for CTA 
or MRI for higher resolution imaging. Multiple imaging 
modalities are often required to highlight specific fea-
tures of the anatomic anomaly and aid in the planning 
of an individualized surgical approach.

Indications for Surgical Intervention
The AAOCA management strategy, including surgi-
cal referral, depends mainly on patient symptoms and 
presence of high-risk features in coronary imaging. 
Surgical intervention in RCA anomalies is a source of 
controversy, given that patients do not always present 
with obvious clinical and radiographic evidence of is-
chemia.1,12,14 The American Association of Thoracic 
Surgery expert consensus guidelines published in 
2017 support that individuals with AAOCA with symp-
toms (ischemic chest pain, syncope secondary to ven-
tricular arrhythmia, or history of aborted SCD) should 
be activity-restricted and offered surgery (Class I, Level 
of Evidence B).51 In contrast, individuals with AAORCA 
may participate in competitive sports if they are asymp-
tomatic and have a negative stress test (exercise stress 
test with additional imaging such as echocardiography 
and nuclear perfusion imaging), and after counseling 
regarding their risk of SCD (Class IIa, Level of Evidence 
C).51 When surgery is indicated, the repair should aim 
to eliminate the intramural course and any associated 
ostial narrowing of the anomalous artery by unroof-
ing, ostioplasty, or reimplantation (Class I, Level of 
Evidence B).51

The best management strategy of AAORCA remains 
a highly controversial topic, especially for asymptomatic 

patients.1,2,12,26 In fact, the 2017 American Association 
of Thoracic Surgery expert consensus guidelines rec-
ommend surgical treatment for anomalous left cor-
onary artery and for symptomatic AAORCA with a 
positive inducible ischemia test.51 However, even for 
asymptomatic patients with AAORCA, SCD has been 
reported.30 Surgical mortality following AAOCA repair 
is very rare, which is well depicted in our findings.52 
A recent survey from the Congenital Heart Surgeons 
Society involving 113 participants reported only 2 
deaths following surgical repair (1.77%).53

Careful patient counseling should therefore be of-
fered to asymptomatic patients with AAORCA, and 
surgery should be offered to competitive athletes 
and to patients who prefer surgical management.30,51 
Once eligibility for surgery has been established, an-
other source of controversy arises: the choice of the 
optimal operation. In fact, although several techniques 
have been described, none of them has been proven 
to be superior, and they each have their own limitations 
(Table 4).4,5,30,51

Surgical Management of AAORCA
Unroofing

In 1981, Mustafa et al54 were the first to report the un-
roofing technique (Figure 1) as a strategy to repair the 
intramural segment of an anomalous coronary artery. 
Unroofing is a procedure that involves performing an 
aortotomy to free the intramural coronary segment, by 
making a longitudinal incision just above it, and cre-
ating a neo-ostium. Coronary unroofing remains the 
most commonly performed procedure for AAOCA,1 as 
it is fairly simple and low risk.14,30 The popularity of the 
unroofing strategy among surgeons is well illustrated 
by our findings: Of the 325 patients reported in our lit-
erature review, 209 (64.3%) underwent this procedure, 
compared with 38 (11.7%) for CABG and 78 (24.0%) for 
RCA reimplantation. In addition, patients who had un-
roofing of their RCA were on average younger than the 
patients from the 2 other techniques (23.4 years versus 
44.5 years for CABG and 29.0 years for RCA reimplan-
tation). The unroofing technique is indeed the easiest 
procedure to perform in very young and small patients. 
It is also most suitable for anomalies with a long intra-
mural course, but it is likely inappropriate in patients 
with a short intramural course. In a recent prospec-
tive cohort study by Mery et al,14 the unroofing pro-
cedure was associated with postoperative ischemia in 
patients with short intramural segments attributable to 
compression of the coronary artery at the level of the 
intracoronary pillar, defined as a soft-tissue structure 
of variable thickness that extends from the commis-
sure up to the aortic sinotubular junction.14 This group 
advocates that the unroofing procedure should be re-
served for patients with long intramural segments but 
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that, in patients with short intramural segments, and 
those in which the anomalous coronary artery crosses 
the intracoronary pillar, coronary artery transfer and re-
implantation is likely a better surgical option.

Unroofing should also be avoided in cases where 
the anomalous coronary courses below the aortic 
valve.14 In fact, when unroofing is performed in the con-
text of a subvalvular intramural course, commissural 
resuspension is warranted, and even with this addi-
tional step, the risk of causing iatrogenic aortic insuf-
ficiency persists.14,55 Postoperative aortic regurgitation 
requiring reoperation for either an aortic valve repair, 
replacement, or a Ross procedure has been previously 
reported.52,55 Another downside of the unroofing pro-
cedure is that, while correcting the intramural course, it 
does not address other concomitant anatomic anom-
alies, such as a slitlike ostium, an acute angle take-off, 
and an interarterial course. In fact, several groups have 
described cohorts of patients who remained symp-
tomatic after an unroofing procedure or patients who, 
after resolution of their AAORCA symptoms, still had 
asymptomatic myocardial ischemia detectable when 
performing a stress test.4,12,14,56 Although more techni-
cally challenging, alternative approaches such as coro-
nary reimplantation in the correct sinus may represent 
a better long-term solution when several high-risk fea-
tures are present.

Coronary Artery Bypass Grafting

Another proposed surgical strategy for AAORCA is to 
bypass the anomalous coronary segment with either 
an arterial or a venous graft (Figure 1). This technique 
is usually reserved for older patients with concomitant 
acquired CAD because, in the absence of sufficient 
coronary artery stenosis, there is a substantial risk of 
competitive flow from the native vessel, which can in 
turn lead to early graft failure. A solution to this chal-
lenge is to ligate the proximal anomalous coronary 
artery to prevent native flow altogether. However, coro-
nary ligation is not always well tolerated. This was de-
scribed by Ibraheem and colleagues in 2 patients who 
developed intraoperative right ventricular dysfunction 
following the snaring of their AAORCA.24 Interestingly, 
these 2 young patients passed away from operative 
complications: 1 developed severe heart failure and 
passed on POD4; 1 had bypass graft failure at 1 year 
and was reoperated but died from right ventricular fail-
ure 2 days later. Some of these complications may be 
related to the inability of the graft to provide adequate 
flow in the setting of a normal RCA that has been 
acutely ligated proximally.

Some advantages of the CABG technique include 
its avoidance of an aortotomy and the need to ma-
nipulate the intercoronary commissure. Moreover, it 
is the most widely performed cardiac operation, and 

therefore, all surgeons are well familiar with this pro-
cedure. It can also be achieved with or without cardio-
pulmonary bypass and has been described through 
minimally invasive approaches.17 When CABG is per-
formed for AAORCA, it often requires complete occlu-
sion of a healthy RCA distal to the intramural segment 
in most patients to prevent competitive flow between 
the native RCA and the bypass graft. This is imperative 
when arterial grafts are used to bypass these vessels.

Translocation and Reimplantation

RCA translocation with reimplantation involves repo-
sitioning the coronary artery orifice to its appropriate 
anatomic location (Figure 2). It requires mobilization 
of the native vessel up to the intramural segment and 
its reimplantation in either the right or the noncoro-
nary sinus of Valsalva or in the anterior ascending 
aorta. This technique restores normal anatomic and 
physiological conditions and therefore provides a 
solution for most morphological anomalies found in 
AAORCA, including slitlike ostium, acute angle take-
off, and intramural and interarterial course. We have 
recently published a technique paper with more de-
tails on the step-by-step surgical procedure.57 One 
of the main advantages of reimplantation when com-
pared with other strategies is that it does not require 
extensive manipulation of the aortic wall, valve, and 
root. Moreover, RCA translocation with reimplanta-
tion uses the same logic as arterial revascularization 
surgery. In fact, the proximal aorto-coronary anasto-
mosis is very similar to the one performed in a CABG 
with an arterial graft. However, unlike in CABG, it 
uses the best possible conduit for the myocardial 
perfusion, as long as there is no evidence of ather-
osclerosis or hypoplasia of the native RCA causing 
limitation of blood flow.

However, RCA reimplantation remains challenging 
and has its own limitations. An important consider-
ation when performing reimplantation is the location 
of the new ostium, to avoid tension on the anastomo-
sis and kinking.30 A common mistake is to perform 
insufficient dissection of the anomalous coronary, 
which in turn limits complete mobilization and trans-
location of the vessel. Also, this technique is particu-
larly difficult in young patients because of the size of 
their coronaries, making the aorto-coronary anasto-
mosis challenging.

Limitations
There are some limitations to our review. First, some of 
the papers reviewed did not report all the data that we 
aimed to collect, including intraoperative and follow-up 
data. Second, because we have included case reports 
in our review, there is an incremental risk for publication 
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bias, since cases are usually reported when associated 
with an adverse event or with unique features. In other 
words, patients with AORCA who underwent an unevent-
ful surgical repair with 1 of the 3 techniques we assessed 
may be underrepresented in our cohort. Finally, we de-
cided to study only 3 surgical techniques, although other 
operations have been described in the literature, such as 
pulmonary artery translocation. In fact, with the aim of re-
maining succinct but comprehensive, we chose to focus 
on only the 3 most commonly performed techniques.

CONCLUSIONS
In summary, anomalous RCA can be managed with 
several surgical techniques, most commonly unroof-
ing, CABG, and RCA translocation and reimplantation. 
When choosing which operation to perform on a patient, 
all the anatomic abnormalities should be addressed, 
and the surgical correction should be individualized 
to every patient to maximize the chances of success. 
To this day, superiority of one surgical technique has 
not yet been formally proven. Given the extremely rare 
nature of AAOCA, good-quality randomized controlled 
trials are difficult to conduct. However, we need further 
prospective observational data to better assess the 
long-term implications of each surgical technique.
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